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FOREWORD

Thisvolume is a specia publication of the [UCN/SSC Crocodile Specidist Group. The papersin
this volume originally were prepared as chapters in a volume on crocodilians which was to be
commercialy published. The members of the CSG first committed to producing the commercial
volume at the 7th Working Meeting in Caracas, Venezuela, in 1984. That commitment was
renewed at the 8th Working Meeting in Quito, Ecuador, in 1986. Unfortunately, conflicting
responsibilities prevented many of the authors from meeting their obligations to the publisher on
schedule and the project had to be abandoned. Rather than scrap publication of the chapters that
were turned in on time, most of the authors agreed to have their papers published in this specid
volume in the CSG Proceedings series.

Publication of this volume was supported by contributions from Professor Harry Messel and the
University Foundation for Physics, University of Sydney, Australia; the Nixon Griffis Wildlife
Conservation Fund of the University of Florida Foundation, Gainesville, U.SA.; and Jacques
Lewkowicz of Soci6té Nouvelle France Croco, Paris. The opinions expressed herein are those of
the individuas identified and are not the opinions of the International Union for Conservation of
Nature and Natural Resources or its Species Survivd Commission. Phil Hall was scientific editor
and managing editor, Rhoda Bryant was copy and style editor.

The International Union for Conservation of Nature and Natural Resources (IUCN) was founded
in 1948, and has its headquarters in Gland, Switzerland; it is an independent international body
whose membership comprises states, irrespective of their political and social systems, government
departments, and private ingtitutions as well as international organizations. It represents those
who are concerned a man's modification of the natural environment through the rapidity of urban
and industrial development and the excessve exploitation of the earth's natural resources, upon
which rest the foundations of his survivd. TUCN's main purpose is to promote or support action
which will ensure the perpetuation of wild nature and natural resources on aworld-wide basis, not
only for their intrinsic cultural or scientific values but aso for the long-term economic and socia
welfare of mankind.

This objective can be achieved through active conservation programs for the wise use of natural
resources in areas where the flora and fauna are of particular importance and where the landscape
is epecidly beautiful or striking, or of historical, cultural, or scientific significance. |UCN believes
that its ams can be achieved most effectively by internationa effort in cooperation with other
international agencies, such as UNESCO, FAO, and UNEP, and international organizations, such
as World Wild Fund for Nature (WWF).

The mission of IUCN's Species Survivd Commission (SSC) is to prevent the extinction of species,
subspecies, and discrete populations of fauna and flora, thereby maintaining the genetic diversity of
the living resources of the planet. To carry out its misson, the SSC relies on a network of over
2000 volunteer professionals working through 100 Specialiss Groups and a large number of
affiliate organizations, regiona representatives, and consultants, scattered through nearly every
country in the world.
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POPULATION DYNAMICS OF THE AMERICAN ALLIGATOR

Clarence L. Abercrombieg, |11

Wofford College, Spartanburg, South Carolina
Florida Cooperative Fish and Wildlife Research Unit,
University of Florida, Gainesville, Florida

Vanity of vanities, saith the Preacher, vanity of vanities, all is vanity.

Ecclesastics |:2

INTRODUCTION

The necessary title of this chapter suggests more vanity than | would prefer to confess. To
begin with, I am not familiar with "the American Alligator". Indeed, modern research indicates
that despite relative genetic homogeneity (Adams et a. 1980), the beast varies in demographically
important ways from place to place-and perhaps from year to year. That is to say, adligators
strongly reinforce the natural historian's fear of generdizations. To make matter worse, | am not
particularly confident even about any single-frame "sngpshot” of an aligator population at time t;
therefore, to project a dynamic "movi€' over t, t+1,...., t+n seems indeed the height of vanity. In
other words, most of what | personally know about alligators focuses rather narrowly on Florida
animals And | admit that even for these populations | cannot offer decent life tables, much less
expressons of dendty dependence. Nevertheless, scientific ignorance about aligators is not
unbounded. Some facts are known quite well enough, and these facts necessarily entail genera
demographic consequences. | shal review these facts, and | shal even venture in some instances
to speculate beyond the confines of available data. Still, | hate to promise more than | can deliver,
and in an age of longer titles, | would have called this chapter "Alligator Life History: Meditations
from a Demographic Perspective.” Thus my general strategy is rather simple. | shall examine the
dligator literature for relevant life-history data.  Supplementing this information with observations
recently conducted in Florida, | shdl attempt to establish broad ranges for values of severa
important demographic parameters. This will permit semi-informed guesses about what manner
of demographic beast the alligator must be. In other words, my essay's objective is to employ what
is known about aligators while speculating on matters which are not yet understood. In particular,
| have in the back of my mind three presently unanswered questions, dl of considerable scientific
and managerid dgnificancee What are aligator surviva rates? How do aligators respond to
alterations in density? And how are aligators populations affected by demographic catastrophes?
Again | admit at the outset that | can do little more than merely raise these interesting questions.
But | want to start you readers thinking about them because you al will be the folks eventudly to
work out the solid answers.
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Actuadly I would have been unwilling to attempt even this modest task without considerable
assistance, but, fortunately, aligator biologists have been very willing to share their time and
insights. Colleagues that come readily to mind are Tommy Hines, Terri Jacobsen, Mike Jennings,
Wayne King, Wendell Neal, Jm Nichols, Jane Packard, Franklin Percival, David Scott, Dave
Taylor, Phil Wilkinson, and Allan Woodward. The most creative advice came, of course, from
Paul Moler—when he could tear himsdf away from his eternal pursuit of the noble
Pseudobranchus. The writing of this essay was partially supported by a faculty research grant from
Wofford College. And, findly, 1 need publicly to thank the Spartanburg, South Carolina, K-Mart
for selling aword processor that even | could afford.

DEFINING RANGES OF DEMOGRAPHIC PARAMETERS

The traditiona firgt cut at aligator population dynamics has been to establish a population
Sze structure and to interpret that structure by way of growth rates into a life table (Nichols et al.
1976b). In Florida we have been deterred from that approach by two basic difficulties. It is, to
begin with, exceedingly hard to determine a population's size structure. The general problems in
night-light counts are well known (Woodward 1978, Magnusson 1983, Wood et a. 1983), and even
if those problems were entirdly solved, the counts could provide no information on the
demographically crucial sex ratios. Understandably leary of night counts, alligator managers have
focused instead on harvest structures. Unfortunately, however, harvests are generdly biased
against some size classes (Hines 1979, Taylor and Neal 1984). Furthermore, Florida observations
suggest that harvest is also serioudy biased by sex, a point amplified by Ferguson and Joanen
(1983).

The saddest note it, of course, that determining a size structure is the easier hdf of the life-
table battle. Within the next few years histological techniques for aligator age determine will
probably be developed, but presently it is no fun at al to figure growth rates. In Florida, for
example, we have learned that growth rates vary from area to area. Within a given area, they vary
from year to year. Within a single area-year, they vary from microhabitat to microhabitat. And
when all obvious space, time, and habitat variables are controlled, growth rates appear to vary
stochastically from gator to gator!

All of this reinforces my reluctance to inflict an empirical growth curve upon an observed
population structure (though you readly should take a look at Taylor and Nea [1984]).
Nevertheless, there isavery real sensein which limited, certain knowledge about growth tellsus a
great dea concerning the demographic nature of aligators. A newly-hatched dligator is
approximately 25 cm in length and weighs about 50 g. If it is a male, a hatchling can eventualy
grow to be over 4 m long and may increase its weight by 7,000%. Females are significantly smaller;
nevertheless, they seldom attain reproductive maturity at much less than 2 m (about 35 kg). This
extraordinary increase from hatchling to adult size, a well-known fact, provides a reasonably firm
jumping-off point for an andyss of aligator demography.

Let us consider a hypothetical aligator from north-central Florida, where climate dictates a
6.5-month (about 200 day) growing season. Investigations in Florida indicate that age at maturity
is not necessarily constant across a given population, and it certainly is not the same throughout the
aligators entire range. Mcllhenny (1935) speculated that females might mature in 6-7 years.
Although a specidly fed captive gator was observed to lay eggs at under 5 years of age (Whitworth
1971), | am reluctant to believe that wild animals successfully nest at ages less than the 9-10 years
suggested by Chabreck and Joanen (1979). At the other extreme is the 18-plus years given by
Fuller (1981) for North Carolina animals, a figure echoed by Jacobsen (pers. comm.) for aligators



Abercrombie 3

in nutritionally impoverished portions of the Florida Everglades. | shall eventudly return to this
age- at-maturity question, but for now let us Smply assume that a hypothetical femae dligator in
north-central Florida has, a around age 12 (length about 19 m), just reached reproductive
adulthood. If we grant her membership in a numericaly stationary population, then she can do her
part in maintaining the population's stationary size if she produces in her lifetime exactly one
daughter that lives long enough to begin her own reproductive career. To see how she might do
this, let us consider a simple model of our newly matured femal€e's lifetime production. If D is the
expected number of daughters that will survive to begin their own reproductive careers, then

(1) D =(Y) (N) (P),

where Y is the expected number of years before our newly-matured femae dies or becomes
reproductively senile; N is the expected number of hatchling daughters our female will produce
annudlly across dl Y year; and P is the probability that a given hatchling daughter will survive to
begin her own reproductive career. (Demographers will note that what | cal D would in
conventional notation be R[0], the net reproductive rate, calculated in terms of new reproductive-
age females rather than hatchling females. Furthermore, | have chosen the nonstandard approach
of analyzing the net reproductive rate rather than the finite rate of increase, because the former is
caculable in amore easly explained manner from the aligator data we possess).

Each factor in this smplistic equation is actually a combination of many demographic
parameters. Let us therefore dissect Equation (1) and indicate apparently reasonable ranges for
parameters values.

Y: Expected Y ears between Maturity and Senescence or Death

Let L represent the probability that a reproductively mature female lives from one year to the
next. (Technicaly the demographer would prefer to talk about L[t], which would represent age-
gpecific survivorship between age t and age t+1. Fortunately, such precision is probably not
practicaly important. Gibbons and Semlitsch (1982) have demonstrated that mortality in large
emydid turtles remains approximately constant over time, and examination of Florida harvest size-
class ratios suggests that the same may be true female aligators, at least over the first 10-15 years
of maturity. In any case, the current aligator literature does not suggest important deviations from
constant adult survivorship, so | shall amplify the demographic equations and replace L[t] with the
sngle parameter L). Convincing estimates for L do not abound. Nichols et al. (1976a, b) suggest
an approximate value of 0.89. Taylor and Neal (1984) believe that survivorship among adult male
gators is about 0.775; these authors recognize that female mortality would be lower. Informal
observations on radio-telemetered animals suggest to Wilkinson (pers. comm.) that adult female
survivorship may be in the neighborhood of 0.95. Given this admittedly sketchy information, it may
not be unreasonable to assume initially that adult survivorship is in the 0.85 0.95 range among
femade aligators.

To caculate an aligator's potential reproductive years, one must consider not only mortality
but also senescence. The time of onset doubtless varies across individuals, and in any case
senescent effects are not necessarily sudden (Ferguson and Joanen 1983). Webb et al. (1983b)
suggest that female aligator senescence occurs between 40 and 50 years of age. Table 1 gives
expected reproductive lifetimes (Y in the eguation above) for newly matured female aligators with
various fixed survivorship, ages to maturity, and ages at senescence. From thistable it is clear that
unless annual survivorship is very high, the number of years between expected maturity and
expected senescence is relatively much less important than mortality in determining Y.
Furthermore, it also appearsthat Y islikely to lie between about 6 and 18 years.



4 Abercrombie

Table 1. Expected Reproductive Lifetimes

Annual Ageat Age a Expected years
survivorship maturity senescence as adult (Y)
0.85 16 40 6.03
0.85 12 415 6.12
0.85 9 50 6.15
0.85 - infinity 6.15
090 16 40 873
090 1 45 920
090 9 50 9.36
090 - infinity 949
0.95 16 40 1380
095 12 45 1591
0.95 9 50 1721
0.95 -- infinity 1950

N: Expected Annual Production of Hatchling Daughters per Mature Female
To avoid getting fancy, | shall express the complex parameter N as

) N = (R) (E) (H) (F),

where the various eguation components are as defined below.

R: Annua Nesting Probability. R expresses the probability that a reproductive-aged femae
nestsin any given year. Field research in Louisiana suggests vaues ranging between 0.48 and 0.68
(Chabreck 1966, Joanen and McNease 1971, 1973, 1975, 1976). Working with animals in a
thermally altered reservoir (Par Pond, South Carolina), Murphy (1981) believed the proportion of
females nesting was less than 34%. Wilkinson (1983) reports about 27.5% for the South Carolina
coastal plain. All these values are considerably lower than estimates reported for Crocodylus
niloticus (87.6%; Graham 1968) and C. johnstoni (90%; Webb et al. 1983a). Perhaps this
interspecific variation is a function of differing energy budgets and of more rigorous metabolic
requirements in the aligator's temperate range. In that connection it would be particularly
interesting to ascertain the percent of adult female gators that nest in certain subtropical Florida
habitats. But for the present let us smply agree that, for adligators in general, the proportion of
adult females nesting is probably between 0.2 and 0.7.

E: Probability of Nest Success. E is the probability that any given nest escapes predation,
flooding, etc. and hatches. Again, fidd research presents a bewildering array of values. Metzen
(1977) reports nest success of 10%. This occurred, however, in area of heavy black bear infestation
and is probably about as unusual as the 90% success which can be observed some places, some
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years, in Florida. Presumably more typicd are the 48.3% and 74.2% success rates reported by
Ruckd and Steele (1984) for two Georgia locations. Dietz and Hines (1980) give 67.9% for
Orange Lake, Florida. The rate at Rockefeller Refuge, Louisiana, is about 68.3% (Joanen 1969),
in South Carolina it is approximately 70% (Wilkinson 1983; this source reports the proportion of
nests from which at least one egg hatched). Discounting the somewhat aberrant findings of
Metzen (1977), one might conclude that values for E typicdly lie between 0.3 and 0.7.

H: Hatchlings per Nest. H is the expected number of living young that a nest will produce,
given that the nest is not destroyed. Over the years, agreat deal of information has been collected
on dligator clutch sze and fertility. Representative data on these factors are reported in Table 2
below. Where possible, information from geographicaly proximate areas was combined; | had to
calculate some of the figures below from other types of satistics presented in the cited works.

Even in "succesful" nedts, there are various reasons that not al fertile eggs hatch, and
therefore calculations based on percent fertility overestimate the number of actual hatchlings. On
the other hand, difficulties in fidd observation usualy mean that reports of hatchlings actually seen
tend to underestimate production. | shal largely neglect these factors and assume that H,
production per successful nest, is somewhere between 20 and 40.

F: Proportion of Hatch Female. F is the proportion of living hatchlings that are female.
Most information on aligator sex ratios seems to focus on animals beyond the hatchling stage
(Forbes 1940, Chabreck 1966, Nichols and Chabreck 1980, Murphy 1981, Murphy and Wilkinson
1982, Wilkinson 1983). Earlier, Ferguson and Joanen (1983) reported a reasonable sample of
Louisiana marsh hatchling production as 80% female. On the other hand, Taylor (pers. comm.)
believed the sex ratio in a north Louisiana system was close to 50-50. In Florida we have observed
individua pods with nearly dl imaginable sex ratios. My subjective evauation is that our
population-wide hatchling cohorts are no more than 60% female-and may be sgnificantly less.
Since dligator gender is determined by early incubation temperatures, it is entirely possible that
hatchling sex ratios may differ substantially by geographical area. Nevertheless, by microhabitat
nest-site selection, laying females can exercise some "choice' over the gender of their offspring, and
arguments have been presented (Ferguson and Joanen 1983) for the likelihood of female-skewed
hatchling production in numerous habitats. Therefore, despite fidd suggestions that gender ratios
may not be so definitely skewed, | shal bow to Ferguson's greater expertise and state that F
probably lies between 0.6 and 0.8.

P: Probability that a hatchling Daughter Survives to Reproductive Age.

Even in smplest form, this parameter must involve the growth and surviva rates of immature
animals. We shal model it as

(3 P=S*M
where the equation components are as defined below.

M: Time of Maturity. M is the expected number of years between hatchling and attainment
of reproductive maturity by femae alligators. This parameter has aready been briefly discussed
above; indications are that in most aligatorsit lies between 8 and 16 years.

S. Average Immature Surviva. S is the "average' (geometric mean) annual surviva
probability for immature femae aligators between ages O and M years. (Recall that the
geometric mean is necessarily equal to or less than the arithmetic mean.) Our fidd work in central
Florida suggests that appropriate values probably lie between 0.55 and 0.70. This very rough range
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matches reasonably well with the Svaue of 0.61-0.62 derivable from the adligator population
modd of Nichols et al. (1976b). One should note that S incorporates hatchling-year surviva, which
under some circumstances may be extremely low.

Summary of Suggested Parameter Values.

At this point we can express D, the expected lifetime production of daughters that reach
reproductive age, as afunction of the 7 parameters defined above:

4 D = (Y) (R) (B) (H) (F) (5*M).

If we restrict our andysis to a stationary population (in which D is 10 by definition), then we can
fix any 6 parameters and observe what value the seventh, "freg' parameter, must take. InTable 3|
list previoudy suggested ranges and range midpoints for al parameters. | also indicate the value
each parameter would take if it were left free and al other parameters were fixed at their mid-
range vaues.

GROWTH AND SURVIVAL:
THE DEMOGRAPHIC POWER OF PARTICULAR PARAMETERS

We should note that when "freed”, al parameter values fdl outside suggested ranges. Some
(eg., Y and H) seem biologicaly unredlistic, and others (R, E, F) are logicdly impossible. This
indicates that we have in a sense "underestimated” the dynamics of a stable aligator population:
the varmints survive better, mature faster, lay more eggs, or produce more females than we had
thought. But our smple model tells us more than this: it can also point out which parameters are
demographically most important. To address this matter of importance, we should inquire how
each parameter affects the value of D when al other parameters are held constant. We can see
from Equation (4) that the effects of Y, R, E, H, and F are linear: changes in the values of these
parameterswill produce only proportional changesin D. Table 3 (above) clearly shows that none
of these parameters, considered alone, can be redigtically expected to have avaue high enough to
offsst the values estimated for other parameters-and thereby maintain a viable aligator
population. Furthermore, even when al these parameters are taken together, the situation is not
greatly improved. For example, hold S and M at their suggested mid-range vaues, but dlow Y, R,
E, H, and F smultaneoudly to assume their maximum vaues suggested as plausible by Table 3. D
is then calculated to be 100. This means, of course, that the expected lifetime production of
maturing daughters has just reached the bare maintenance level. Furthermore, in real gator
populations, it is certainly not sufficient to run during normal years at mere maintenance! As we
shall eventudly discover, demographic catastrophes (such as complete one-year nesting wipeouts)
are not uncommon. Therefore (since years with surplus production high enough to balance such
catastrophes appear to be very rare and perhaps physologicdly impossible), long- term
demographic success would require D to stand at a cushioned level substantially above 10 during
typical years.

Now, for contrast, set all the linear parameters (Y, R, E, H, and F) at midrange and ater only
S and M, the nonlinear parameters, to their most favorable suggested values. D isthen calculated
to be 3.27, afigure greatly exceeding the production required for population maintenance.

The major demographic point of this tedious exercise concerns growth and surviva. If femae
alligators indeed require a substantial number of years of mature (evidence is strong that they do),
then in a stable or increasing population, the average survivd of even the immature age classes
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Table 3. Parameter Ranges.

Parameter and Suggested Mid-range Vaueif
Abbreviated definition range value left free
Y, expected repro. lifetime 6-18 12 60
R, probability of nesting 02-0.7 045 223
E, probability nest hatches 03-0.7 050 248
H, number of hatchlings 2040 30 124
F, proportion of hatch femae 06-0.8 0.7 261
S, average immature survival 0.55-0.70 0.625 0.723
M, years to reach maturity 816 12 76

must be quite high (Woodward et al. 1987). Furthermore, this requirement for high surviva
cannot be obviated by increases in clutch size, nest survivd, or percent female: these parameters
smply do not have the "punch” to make up the aligator demographic deficit.

ALLIGATOR INSTARS: FURTHER RAMIFICATIONS OF GROWTH AND SIZE

Knowledge about aligator size and growth rates has thus led us indirectly to the conclusion
that survivd, even among juveniles, must be rather high. Furthermore, there is another
demographic lesson to be learned from this matter of size. A newly hatched aligator is one of the
smaller vertebrate predators in a Florida wetlands system; after it matures, it will be the largest.
Thus is may be unreasonable to represent alligators of al sizes by one simplistic demographic
model. Consider, for example, the question of population response to changes in density. Simple
patterns of density-dependent population growth have often been modeled by the familiar
Verhulst-Pearl logistic curve:

) dN/dt = N(I - N/K)

According to this equation, the rate of per capita population increase decreases linearly as density
approaches a "carrying capecity”; the operative mechanism is usualy assumed to be some form of
intraspecific competition. Even the intro wildlife textbooks admit that the model will require a few
minor patches before it can be applied to any actual population. But with gators the problems are
more than cosmetic: one might in fact ak whether it makes sense to use this model at al when
talking about alligators. How, for example, should one express the density of a natural alligator
population? Number of animals per hectare? Meters of animals per hectare? Kilograms of
animals per hectare? All of these suggestions sound rather foolish, since it is not redlistic to think
that hatchlings and adults compete directly for any important, limiting resource.
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Of course it is possible to rework Equation (5) for alligators. One would begin be redefining
dendity (and thereby the units of K) as some sort of effective size-structured competition density
(cdl it ED):

BIG old gator size BIG old gator size
(6) ED = a(xy) f(x) dx dy,
hatchling size hatchling size

where ED is that weird effective dendity, aX,y) is the efect of an animal of size x on an animal of
sizey, and f(X) isthe density of animals of size x. Unfortunately, Equation (6) is mostly a play-like-
yourknow-caculus expression, largay usdless for at least two reasons. First, the purist gator
biologists will demand integration over at least one more variable since effects doubtless differ by
sex. And second, realists will point out that we do not have any idea about what numbers to plug
into the relatively smple equation aready offered.

Nevertheless, practical problems and pseudo-mathematics aside, there is a point, of sorts, to
Equation (6). It reminds us that aligators of different sizes have different eco-demographic effects
upon--and are differently affected by--other aligators of various different sizes. as dligators grow,
they change their ecologica status. Fortunately, there is a sylidticaly degant (and calculus- free)
way to state al this. As some of the old-time Florida crackers say, "At some point they got to stop
being big lizards and start being little gators." The simplicity of this expression is appealing, and |
believe the basic idea is not inaccurate. Growth rates of young Orange Lake alligators decline
until the animals are about 35 year old and 85 cm long. Then there occurs a noticeable,
datigicaly sgnificant upturn in growth once more. Webb et a. (1978) discovered a similar
situation in young estuarine crocodiles (Crocodvlus porous), and it is tempting to speculate on the
life-history significance of these upturns. Many predators exploit prey of basically constant size
throughout their lives. On the other hand, general isometry of head-to-body length ratios in
crocodilians suggests that they are adapted to take increasingly large prey as they themsalves grow
longer (Dodson 1975). Such adaptations could have at least two consequences. First, as an
aligator matures, it becomes able to exploit new food resources unavailable to one-time
competitors. Perhaps this is the case with our Orange Lake gators. As youngsters they may
compete to some degree with fish, otters, herons, watersnakes, etc. But when the gators get big
enough (perhaps this begins around the growth flex point of 85 cm), the former competitors are no
longer so important--except perhaps as occasiona sources of food!

Second, the exploitation of different sized prey by different sized alligators presumably serves
to partition food resources. While we need not agree with Murphy (1981) that such partitioning is
the factor which directly permits high aligators densities, we should at least recognize that
intraspecific gator competition is structured to a degree by size. Consequently, the next section of
this essay will consider the relationship between structured competition and demographic events
such as the more or less complete loss of ayear's hatchling production.

ONE-YEAR NESTING WIPEOUTS

My discussion of aligator density dependence will necessarily begin by considering what (if
anything) happens when the dendity of young animals is altered. | talk about juvenile gators
because in some Florida systems we have been able to count accurately the number of nests
constructed; thus we have a decent idea about the size of a hatchling cohort. | do not think we can



10 Abercrombie

do aswell with adult animals; rather, | believe that study populations are likely to contain far more
alligators than conventional night-count investigations may indicate. For example, experimental
harvest on Orange Lake, Florida, has removed substantidly more 3-m plus animals than we
believed were present--and has not appreciably altered the night-count structure. Therefore, let us
descend ever so briefly from the rarefied heights of speculation and consider nests and hatchlings,
subjects we actualy know something about. Authorities agree, for example, that flooding can be a
very real problem (Hines et al. 1968, Joanen 1969, Joanen et al. 1977). At construction time, the
center of the egg chamber in Florida gator nests is characteristically less than 70 cm above the
water level. The incubation period (about 65 days) runs very approximately from 1 July through 31
August. Thus a 1-m rise in water levels during these months (some of Florida's rainiest) can
drown most of the year's egg production in a given wetlands sysem. Nesting effort has been
carefully monitored on lakes Jessup (central Florida; a comparatively unmanaged water system)
and Okeechobee, a few floating nests and levee nests hatched, but most of the year's production
was destroyed. On Lake Jessup (where 50-150 nests are usudly constructed) absolutely no
hatchlings were produced. Furthermore, high water is not the gator's only potential weather
problem, for in some years, in certain habitats, extremely dry conditions may also cause the near-
entire loss of a hatchling cohort (Hines et a. 1968, Hines pers. comm.). Like floods, droughts
appear particularly to affect the younger age classes.

We do not know how often flood, drought, or other population-extrinsic factors induce such
catastrophic mortality, but examination of Florida weather data suggests that one-year wipeouts
are not extremely uncommon. Thus we may wonder how an aligator population might respond to
such events.  To begin with, we must admit that it is largely metaphorical to talk about "population
response”--as if the population per se possessed a homeostatic adjustment mechanism independent
of the biology of its individua members. Rather, we should inquire how a particular hypothetical
aligator might be affected by the absence df, say, a year's hatchling cohort. Recall my statement
above that some resources are partitioned by aligator size. To the degree that this position is
grictly valid, the absence of one cohort size class should exert relatively little effect upon animals
of other sizes-and the population would not respond in any dramatic way to a one-year wipeout.

Of course any statement of absolute size-class independence would be smpligtic, and | can
imagine two (by no means mutually exclusve) ways in which dligators might respond to a one-year
wipeout. First, it is possible that nest failure in year t leaves mature females more capable of
reproduction in year t+1. This could occur for many reasons. If, for example, dl nesting sites are
flooded before laying begins, it is possible that a female might resorb her eggs. Furthermore, even
if completed nests were destroyed, femaes would expend less energy in nest attendance and
hatchling protection. Presently | have no evidence that these phenomena actualy occur; it is
uncertain that energy savings would be very sgnificant, and in any case it is reasonably clear that
clutch size (at least) does not increase in Florida wetland systems in the year following a wipeout.
But there is aso another possibility. A given female might be on a "physiologica schedul€" to nest
inyear t and to be quiescent the next year. In that case, energy recouped-because of nest failure in
year t might increase the probability that the female would reproduce in year t+1. Indeed it does
appear that the percentage of females nesting increases somewhat after a year of catastrophic nest
mortality. But | do not have the data to test this possibility statistically.

A second possible response to catastrophic mortality would be increased growth rates among
animals in age classes adjacent to the one that was destroyed. Let me smplify just a little.
Suppose that no aligators were hatched in year t. Then hatchlings produced in year t+ 1 would
enter a system vacant of yearlings that might have competed with them for scarce resources. Thus
they might grow faster, and some could attain reproductive size ahead of "schedul€e".
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Five rather gicky comments should be offered about this second proposed scenario. First, if
compensatory growth actudly occurs, it would probably affect most directly those animals hatched
the year after the wipeout. However, one would expect the "benefits' to be passed in diluted
guantity on down (and possibly up) the age pyramid.

Second, if he/she were not careful, a systems theorist might look at our compensatory
scenario and say, "The number of animals was reduced at year t. Even if you mature the t+1
hatchlings a whole year faster than normal, you till won't get any compensatory reproduction for
a least 10 to 12 years. For technica reasons, feedback delayed that long (proportional to
generation time) doesn't do you much good; it is highly likdy to destabilize the sysem”. This
catchy little objection is defeated by the simple fact that feedback is not delayed very much at all.
Consider the population's reproductive capacity. The firgt impact (on the total number of
breeding-size females) of ayear-t wipeout might be expected at, say, year t +12. However, that is
just about the same time that one might expect fast-growing t+ 1 animals to begin their accelerated
reproductive years.

Third, although considerable time and money have been expended in Florida to test
experimentally the possibility of compensatory growth among wild hatchlings, the results have been
inconclusive (Hines and Abercrombie 1987). Thisis not surprising. For one thing, it is extremely
difficult in Florida wetlands systems to achieve reasonable control over environmental variation:
extraneous variables eat up one's degrees of freedom! More important, the growth experiment
may not have run long enough yet. Most of the Florida gator folks believe that compensatory
growth (if it occurs) would be least important in the first years after hatchling. Animals hatched in
year "wipeout + 1" would dways have a "vacant" sze classjust above them--unless they grew into
it! (Here for sake of argument we neglect intra-cohort growth-rate variability, which renders the
idea of precisely separate Sze classes something of an abstraction.) That asset would not be
particularly valuable to small dligators, which compete for food with fish, watersnakes, and what
have you. Rather it would become sgnificant after the young aligators had grown to the size a
which their only important competitors would be other gators. In other words, there are sound
ecological reasons to suspect that most compensatory growth would be delayed beyond the first
year or two of an aligator's life.

Fourth, you will note that | have deat excusively with compensatory growth and have not
mentioned compensatory survival. That is because | believe that direct compensatory surviva is
unlikely to occur in any important degree (and see Webb et a. 1983b). This is not because fidd
research has faled to demonstrate compensatory surviva (of course it has faled, but given the
difficulties in estimating wild crocodilian surviva rates, who would have expected otherwise?).
Instead, it is because at this point | cannot even guess how the presence or absence of year-t
hatchlings would directly afect the surviva probability of other aligators. For young aligators in
typical Florida habitats, food is the only demonstrably important resource that is mediated by
dendty (note that some authorities- Thorbjarnarson, pers. comm.--would deny that even food
resources are meaningfully related to wild dligator densities). The absence of an otherwise
adjacent year-class might alow more food--but how many young aligators would die of causes
related to lack of food in any case? It is my opinion (admittedly subjective, but based on some
experience with wild and captive animals) that the response of young crocodilians to moderate
food deprivation is stunting, not starvation or even ill health. Furthermore, it seems to me that the
chief response to more severe food deprivation is-- more stunting. Of course it is important to
note that compensatory growth has demographic effects on reproduction somewhat similar to
those caused by compensatory survival. Suppose a set of animas grows rapidly and attains
reproductive maturity in M - 1 years instead of the usua M years. Then the population receives
reproductive benefit from those animals expected to die between M -1 and M years. Considering
the problem a bit more expansvely, we might say that the effective reproductive lifetime is
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extended by oneyear. (At this particular point, demographers might question my easy decision to
examine "D" rather than . If the above speculations are correct, then one effect of a nesting
wipe-out might be the temporary reduction of generation-time. The population-wide
consequences of this would extend somewhat beyond the addition of one reproductive year to a
cohort of females.)

Fifth, 1 would like to point out that al my speculaion on compensatory growth is basicaly
unencumbered by statistically vaid data (Hines and Abercrombie 1987). And | could dso be bad
wrong about the surviva business.

CONTINUING, MORE BLATANT, SPECULATIONS ON DENSITY DEPENDENCE

Since | have already stretched the available gator data painfully thin, there seems little reason
why at this point | should not openly break entirely the fetters of real information and just plain
guess about aligators. First, | do not believe that growth or surviva is sgnificantly dependent on
dengity for animals much under 1 meter (Webb et al. 1983b; however, density aterations that
concentrate mixed sze classes into close proximity may result in cannibalism [Delaney and
Abercrombie 1986]). Nor am | convinced that density alterations (at levels induced by moderate
harvest or routinely observed under natural conditions in the field) affect large adult aligators in
any important way (Hines and Abercrombie 1987). For animals of intermediate size, however, the
situation may be very different: in along-term stable population, there may be a surviva and/or
growth bottleneck for older juveniles and subadults. | have reported the growth dowdown above.
And, furthermore, preliminary Florida studies (Delaney and Abercrombie 1986) indicate that
(Nichals et al. 1976b not withstanding) this may be the sze class most severely affected by
cannibalism.

| do not know how such a subadult bottleneck might impact mae aligators. On the one
hand, it is possible to argue that any effects would be demographicaly irrelevant. Research has
indicated that some individud males may have very long reproductive lifespans (Ferguson and
Joanen 1983). If, year &fter year, one or two of these long-lived males can breed a large number of
females, then the presence of many males will not be critical to population maintenance. Thus, if
even a few subadult males occasionally make the transition to maturity, that could be sufficient; or
a least such is the assumption of male reproductive value under which we in Florida have
generaly operated. On the other hand, the proportion of successfully maturing males could be
more important than our Florida research has usually assumed. Alligator precopulatory pairing
behavior is often quite protracted. Since in certain climates there is only a restricted time period
during which ovulaion and spermatogenesis coincide, a single male may be able to breed only a
very limited number of femaes: thus a shortage of adult males could result in reduced
reproduction (Wilkinson, pers. comm.).

Whatever the reproductive importance of males, the fate of maturing femaes is certainly a
sgnificant demographic question. | believe that near-adult femaes may be limited from breeding
by the presence of dense age/size cohorts above them--and that the removal of older females may
increase the percentage of the younger animals that nest. For example, over four years, 122 femae
aligators larger than 18 m were removed from Orange Lake (about 5000 ha; north-central
Florida). Although this number exceeds by about 25% the maximum number of nests observed in
any pre-test year (and nest observation is known to approach 100%), to date absolutely no
decrease in number of nests has occurred (Hines and Abercrombie 1987, Woodward. pers.
comm.). Floridaresearchers are uncertain at this point how dendty alterations may have affected
nesting, though we are reasonably sure that the limiting factor is not physica nesting sites
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(Woodward et al. 1984). Perhaps dendty reduction breaks the growth bottleneck and dlows pre-
adult females to reach mature sze more rapidly. Could such a mechanism operate fag enough to
explain the maintenance of nesting effort throughout the Orange Lake experimental harvest?
Intuitively, at least, this seems unlikely. Perhaps, then it is possible that remova of large femaes
frees up some sort of "socid space’, thereby dlowing smaller animals to breed and nest (see
Ferguson and Joanen 1983). If this latter scenario were correct, then while nesting per se might be
maintained, actual hatchling production would be expected to decrease. After al, Ferguson and
Joanen (1983) show that younger alligators often produce only small numbers of eggs, these
authors also state that smaller females may not even be reproductively synchronized with the
males sperm production. On Orange Lake case neither mean clutch size nor fertility showed any
decline following 1981,1982, or 1983 harvests (over which atotal of 93 adult females were taken).
However, in the summer of 1985 (after the 1984 harvest), very modest reductions in clutch size and
percent fertility were noted.

All these observations tempt one to believe that the initial response to reduced femae dendty
is an increase in the breeding percentage of large adults. Continued removal of fully mature
females may eventualy result in early recruitment of smaller animals to the reproductive ranks. At
the present time, however, | would counsel against uncritical acceptance of such assumptions since
the Orange Lake experiment is far from complete. Furthermore, the 1985 data should be received
with particular caution since they were gathered after a siege of very dry spring weather—which
may have afected clutch size and fertility quite independently of density or harvest. In other
words, it's dl hard to figure. And like other bits of information on aligator density dependence,
the Orange Lake ingght must remain for now just one more tantalizing clue that something must-
be going on.

CONCLUSION

From Mcllhenny (1935) into the sixties, zoologists seemed confident that they knew about the
biology of the aligator. But, as additional hard data were collected, the realization of ignorance
grew. Despite much valuable research (particularly the field observations of Joanen and the
laboratory studies of Ferguson), aligator population dynamics remains a mystery, very partialy
unraveled. Furthermore, it is highly probable that over the coming decades, aligators (like other
crocodilians) will be subjected to increasing commercial exploitation. This will present both
problems and opportunities. Even in our ignorance we know that aligators are dow-maturing,
long- lived animals. As such, they cannot be expected to recover rapidly from serious overharvest
like white-tail deer (or possibly fast-maturing spectacled caiman [Staton and Dixon 1977, Rebelo
and Magnusson 1983]), and gator exploitation should therefore be conducted with considerable
caution. On the other hand, some reatively safe harvest strategies have been suggested, and
revenues generated by these harvests can help finance long-term, if modest, research (Hines and
Abercrombie 1987). In the present essay | have tried to indicate areas in which investigation would
be especidly important. Particularly, | believe we need to know more about the growth and
aurviva of female alligators between 1 and 2 meters. We should also determine more about the
percentages of various sized females that successfully nest, and we need to discover how al these
factors vary with density. Except for one or two potential technological breakthroughs (such as a
precise histological technique for age determination), these next steps will be dow and expensive.
Fortunately--and on this, | beieve virtudly al alligator researchers will agree--the work will aso
be fun.
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INTRODUCTION

The conservation and management of wildlife, including crocodilians, is usualy based upon
an assessment of the status of endemic populations and those factors which have impact upon the
aurviva of the species. Adverse factors may often be negated by manipulating the habitat or the
makeup of the species populations, or by protecting the species from outside or unnatural
pressures which may be detrimental in themselves or may amplify the effect of other negative
factors. The latter may be achieved by the enactment of local, national or international laws which
limit or prohibit the taking or utilization of the species for persona or commercial purposes.

While biologists and other scientists may define the ecological or environmental problems,
legidators may be called upon to enact the legal solutions, while law enforcement authorities are
charged with enforcing and judicating compliance. The effectiveness of wildlife conservation and
management programs is contingent upon the integrated workings of al three. The ability of the
forensic scientist, in gpplying scientific fact to the legal problems which arise, is often an important
catalys.

Crocodilians pose unique problems in conservation, management, and wildliife law
enforcement (Brazaitis 1984), and to the forensic herpetologist. Of the 21 traditionally recognized
species found throughout the tropical and sub-tropical regions of the world, 15 or more forms may
be exploited commercidly. They provide a mgor source of raw materiad and a sgnificant
economic basis for the world exotic leather industry. The trade is estimated to utilize about 15
million skins annually, three quarters of which include skins of South American species. A large
number are taken illegdly in violation of national wildlife regulations (Hemley and Cadwell 1986).
Harvest quotas, size limits, or regional protections (Fuller and Swift 1984, Groombridge 1982) may
frequently be disregarded. These constitute the mgor types of violations in addition to the
contraband trade in endangered species.

The international trade in crocodilians is regulated under the Convention on the International
Trade in Endangered Species of Wild Flora and Fauna (CITES) promulgated in 1973, and in the
United States, trade is regulated under the Lacey Act of 1900 (amended 1981) and the U.S.
Endangered Species Act which was revised in 1973 to implement CITES regulations. Under U.S.
law, violations may result in simple seizure of goods for improper documentation, denial of
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importation, forfeiture of goods, cvil penalties or prosecution under fdony charges. Lacey Act
violations may result in penalties of up to U.S. $20,000 and up to five years imprisonment for each
count charged.

The amount of illega trade, if we consider all types of violations as congtituting an illega
transaction, appears to be inconsistent with the extensve amount of national and international
regulation. This may, in part, be due to the fact that most skins are taken from wild populations
endemic to poor or developing countries, which may be under enormous economic pressures.
Such countries may be least able to afford extensve management or law enforcement programs.
Second, hides and products may be shipped and re-shipped through many ports and countries
before arriving a finad destinations and markets. Third, closdly related species from different
origins may be difficult to distinguish from each other in their processed form. Whole skins or cut
up pieces of skin from different species or races of different origins may be mixed in tanning,
shipping, or ultimately during their manufacture into products. Last, wildlife authorities often find
it difficult to trace individual skins or the skins combined on products back to their native sources
as nearly al such skins lack identifying marks or tags. Authorities may need to rely on export or
re-export documents which lis numbers of skins of designated species. Only skins of the
American dligator bear individual identifying tags which must remain &fixed to the hide through
the tanning process and up to the time the hide is manufactured into a product.

The problems are exacerbated when wildlife authorities, confronted with the unpopular task
of having to enforce foreign wildlife regulations, are beset by pressures from those who view the
strict application of regulations which affect commercia trade as obstacles to free enterprise. The
national debt, deficits in foreign trade and weakening national economies all may be given priority.
Wildlife law enforcement budgets may be the first to suffer for lack of financiad support. The
extent to which forensc techniques are applied in developing prosecutions may become
particularly restricted.

Few published manuals exigt which deal with the identification of crocodilians, their hides and
products (King and Brazaitis 1971b, Brazaitis 1973, Brazaitis and King 1984, Fuchs 1974, Wermuth
and Fuchs 1978, 1983); yet, the availability of biologicaly accurate manuals is most important for
the training of wildlife officers who must apply this information in day to day fidd investigations
involving a wide assortment of skins and products, each with its own peculiar problems in species
identification. Some commercially sponsored manuals have only served to compound the
problems of enforcement by presenting taxa based on commercia material, often of unknown
specific origins (Fuchs 1974, Wermuth and Fuchs 1978, 1983) rather than scientificaly accredited
study material. A number of taxonomic citations which have been included without broad
scientific peer review have drawn considerable criticism from the scientific community (Frair and
Behler 1983, Brazaitis and King 1984, Ross and Mayer, pers. comm.).

Standard taxa providing the basis for the identification of crocodilians, their hides and
products, and the basis for U.S. law enforcement efforts, are presented in Brazaitis (1973b,
Groombridge (1982), King and Brazaitis (1971), Medem (1981, 1983), Wermuth (1953) and
Wermuth and Mertens 1961).

Common names, loca native names, and the commercia nomenclature for crocodilians are
given in Fuchs (1974), Fuchs and Wermuth (1978), Groombridge (1982), King and Brazaitis
(1971), Brazaitis (1973b) and Medem (1981,1983).

Current status of wild populations and distributions are presented in Groombridge (1982),
the Proceedings of the IUCN Crocodile Specidist Group and the Bulletins and Newsletters of
TRAFFIC, the Wildlife Trade Monitoring Unit of IUCN.
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Legd protections are given in Fuller and Swift (1984) for Latin American countries,
Groombridge (1982), TRAFFIC bulletins and newdletters and in the U.S. are published regularly
in the Federal Register by the U.S. Fish and Wildlife Service. The Federal Register also regularly
publishes changes in foreign wildlife regulations as well as changes in enforcement policies.

An overview of tanning techniques and hide processing is presented by Fuchs (undated) and
in Wilson (1928,1929).

The Forensic Examination of Wildlife Products

Wildlife and wildlife products generally enter or leave the United States through certain
designated ports which are saffed with agents and inspectors of the U.S. Fish and Wildlife Service.
Invoices, manifests and customs declarations pertaining to wildlife shipments are referred to
wildlife inspectors who may elect to make a personal inspection of the shipment. Inadequate
documentation, discrepancies between the country of origin and the known distribution of the
species listed or the presence of a species which is grosdy similar to a prohibited endangered form,
may result in the shipment being refused entry into the country or it may be detained for further
examination. A random sampling of the contents of the shipment may then be taken for forensic
examination. The examination may be made by trained agents or inspectors within the service, or
items may be presented to an independent forensic examiner. Given the thousands of dollars often
involved in shipments of wildlife products, unnecessary delays and damage to the detained items
are avoided.

In the interest of objectivity, forensc examiners should be deprived of al knowledge of the
origins and species citations invoiced for the items, the names of the companies or owners involved
and generally the extent of the investigation. Identifications must be made solely on the basis of
the physicd evidence presented. The examiner should bear in mind that his or her conclusons
must reflect only those facts which have been physicadly determined and which can be substantiated
and presented without reservation in any future court proceeding. Thus, although the examiner
may believe the characteristics displayed on a pair of shoes suggest a particular race or subspecies,
his examination must be definitive and rely only on positive characteristics. There is little room for
subjective interpretation. If, based on the examiner's report, a violation is confirmed, the examiner
may then be called upon to make a comprehensive inspection of the shipment and ancillary
documents, and may later be cdled upon to tegtify as to his findings. Common, commercia and
scientific names invoiced, skin Szes relative to the lengths commonly attained by the speciesiin life,
origins cited and actual distributions for the species involved, types of tannage, stamps and other
markings, al may be scrutinized and compared to known standards for possible additional
supporting evidence. The role of the forensic examiner is to provide the unbiased scientific facts,
which he has determined to the best of his ability, that will elucidate the legal contentions
(Brazaitis 1986b).

Categories of Commercial Skinsin Trade

The manner in which raw crocodilian skins are prepared prior to processing is determined by
the amount and body location of usable skin on the particular species involved, the use to which it
will be put in the manufacture of products, the preferences of the market for which the product is
intended and, in some instances, the customs of the hunter who procures the skin from the animal.
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In the United States, various state laws mandate that American aligators be skinned and shipped
with different small portions of skin left attached to help distinguish the harvest year in which the
skin was taken. A number of countries are adopting similar skinning variations into management
protocols.

Most crocodilians are utilized as whole belly skins which are sold by the piece or by the bely
width. They are skinned in the traditional manner, discarding the hard bony scales of the back,
dorsal neck and tail, and feet. The remaining commercialy desirable portion includes the skin of
the lower jaw and throat, belly, complete with as much flank skin on each side as possible and as
much of the ventral and lateral portions of the tail as possible (Fig. 1 A).

An alternate method of skinning produces a "hornback.” By this method, the animal is skinned
via a longitudinal mid-ventral incison which preserves the neck, back and anterior dorsa tail
scaation (Fig. 2). Native crafts from West Africa and Latin America as well as moderate qudity
products produced or marketed in Japan and southeast Asia utilize hornback skins.

Although Melanosuchus niger is skinned in the traditional manner, the tanned and finished
skins may often be cut up into sections and sold asthroats, chests, bellies, girdles and tails, as well
aswhole skins, by the piece or square measure (Fig. 1D).

The various races of spectacled caiman Caiman crocodilus may either be skinned in the
traditional manner, or only the flank regions may be taken (Fig. 1 B). Flanks include the softer,
less ossified skin between the front and rear limbs and the dorsal and ventral scales. Occasiondly,
the two flanks are left joined by the skin of the gular and pelvic regions. The tail is cut off
immediately posterior to the vent and is discarded, aong with the mid-ventral belly region. More
often, each flank is shipped as independent pieces packed in bundles. Half tanned crusts as well as
tanned and finished caiman flanks may be shipped directly from South American tanneries to
manufacturers around the world. Flanks may be invoiced and sold by the piece or by the square
measure.

Total maximum and average lengths for crocodilians are given in Brazaitis (1973b), King and
Brazaitis (1971), and Groombridge (1982). The length of the flank skin, from axilla to groin (Fig.
3F), may be used as an index in determining the approximate size of the animal from which the
flank was taken, and may help to distinguish the flank skins of large species from those achieving
only small to moderate lengths. For caiman, this straight line measurement from axilla to axilla
approximates 22 % of the total length of the animal. Thus, aflank length of 40 cm would indicate
it was taken from an animal about 182 cm in total length. Comparable flank proportions may be
used to approximate lengths for races of C. crocodilus, M. niger, and Alligator mississippiensis
(Brazaitis, in prep.). Hide grading by quality, skinning methods, proportional amounts of usable
skin for different types of crocodilians and methods of measuring commercia skins are given in
Fuchs (undated) and Van Jaarsveldt (unpubl.).

Scraps and trimmings are small pieces of skin from any species, which may remain after whole
skins, flanks, etc. are cut up in the manufacture of products. Scraps may be in the form of crust or
completely tanned and finished skin. Scraps are often sold by weight (Fig. 1 C).

The Species Identification of Crocodilian Skins

The identification of crocodilian hides and products relies largely on the determination of
gross morphological characteristics, athough more sophisticated biochemical methods of
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identification are currently under investigation. Figure 4 shows the regions of body scalation
referred to in the following identification procedures and keys. Figure 3 shows the scae
configurations and patterns at various body regions. Numbers of scale rows, scae inclusions in
certain body regions and the shape and arrangement of scales may be definitive in themselves or in
conjunction with other characters.

There are two basic characteristics which serve as fundamental criteriain the identification of
crocodilians in life, as skins or hides, or as manufactured products. These are the presence or
absence of integumentary sense organs (1SOs) on the body scalation (Fig. 5A, B), and the
presence, composition, degree, or lack of bony plates or osteoderms in the ventral body scalation

(Fig. 6).

Only members of the families Crocodylidae and Gaviadidae have integumentary sense organs.
All members of the family Alligatoridae lack 1SOs on body scales. However, dl crocodilians bear
ISOs on various portions of the head. While having asingle 1SO on each scale is the generd rule, as
many as two to five may be found on ventral scales. When present, 1SOs can be found on the
anterior middle portion of the body scaes in living animals, and in al forms of processed skins and
products.

Osteoderms (Fig. 6) are body plates which occur in parts of the body scaation of all
crocodilians. However, as a diagnogtic tool, we only consider those osteoderms which occur in the
ventral regions of the throat, pectoral and belly scaation. There are two types. composite
osteoderms, which are made up of two or three sutured plates (Fig. 6A) such as those found in the
genera Caiman, Melanosuchus and Paleosuchus, and single bone osteoderms such as those found
in the genera Alligator, Crocodylus and Osteolaemus (Fig. 6C, D). Shaving and processing
enhances the ahility to determine the presence and type of ventra osteoderms in hides and
products. While processing may change the texture and thickness of the skin and scalation, the
form of the scales and their relationship to each other remains the same. Appendix | gives a key
for the identification of commercial crocodilian hides and skins based on body scalation. Although
the key focuses on whole belly skins, the scale morphology may be applied in the identification of
flanks, cut pieces of skin and manufactured products presented in commercial trade. In doing so,
it is of utmost importance to determine the specific body region from which the skin represented
on the product has been taken (Fig. 3). The key is adapted from (Brazaitis 1973a, b), King and
Brazaitis (1973) and Ross and Ross 1974). The morphology presented in this paper reflects the
classic identifying characterigtics of the species involved.

Types of Crocodilian Products in Trade

Crocodilian products commonly found in trade include dried, salted, or raw untanned whole
skins or skin parts; partialy tanned skins termed "crugts' (Fig. 12 C); fully tanned and finished
whole hides, portions of hides and trimmings from manufacturing procedures, manufactured
products; trophy skins and skulls; novety items and curios. Manufactured products and tanned
skins may be of moderate or high quality commercial manufacture, which are widdly exported, or
of poor qudity native craft. Novety items, curios and trophy skins are usualy of native craft and
are largely directed at the local consumer or tourist, although in recent years such items have
found a sales market in low income shops and street vendorsin the U.S. and Europe.

Manufactured products include handbags, shoes, wallets, belts, attache cases and small pieces
of luggage, watchbands, key cases and billfolds. These make up the bulk of and economic basis for
the crocodile leather trade. Quality commercidly tanned and processed hides and products are
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generaly characterized by their soft supple leathers, uniform coloration and texture, and careful
workmanship combined with polished metal fittings.

Quality handbags and other items are fabricated from matched panels of selected belly skins
while gussets and hide panels are matched with sections of tail, neck or selected leg skin (Figs. 3,
and 7). France, Italy, Switzerland and West Germany are the centers of quality fabricating and
tanning of crocodilian skin.  In general, highest quality or "dassic' skins are used in the
manufacture of the highest priced products. These are from species which lack or have poorly
developed bony plates or osteoderms in the ventral areas. They produce soft supple leather and
have scale patterns which are aesthetically pleasing when processed. Highly desirable classic
speciesinclude the American aligator A. mississippiensis, Nile crocodile Crocodylus niloticus, sat-
water crocodile Crocadyluspor osus, New Guineacrocodile Crocodyl usnovaegui neae novaeguineae,
Morelet's crocodile Crocodylus moreleti, the Siamese crocodile Crocodylus siamensis, and
frequently the black caiman M. niger and the broad-snouted caiman Caiman latirostris.

Shoes are usualy made from young crocodilians with small scales. Scraps or trimmings are
often used for toes, heels and straps, although entire shoes are commonly composed of pieces of
flank skins of caiman C. crocodilus (Fig. 1B and C). Most qudity caiman shoes are manufactured
in Italy from the wide flanks of Yacare caiman Caiman crocodilusyacare. Tanned and finished
Y acare flanks may be shipped from Bolivia, which have frequently been taken from animals often
killed illegdly in Brazil (Hemley and Caldwell 1986).

Quality billfolds, wallets, desk sets, etc. are made from neck, throat flank and tail sections of
black caiman (Fig. 1D), American dligator and caiman. Two to four bely skins of juvenile dusky
caiman Caiman crocodilus fiiscus, often shipped from Colombia in disregard of minimum size
limitations, may be used in the manufacture of a single wallet and are sawn side by side on awallet
or hillfold.

Most belts are composed of small scraps of skin (Fig. 1C), usualy caiman, carefully matched
to concea the seams and backed with steer leather. The seams between pieces in quality belts are
well matched. The forensic examiner must have a thorough knowledge of scde configurations from
crocodilian body regions, and must carefully scrutinize the product if a species identification is
going to be possible on such items.

Watchbands are generally composed of scraps or trimmings (Fig. 1C) of nearly any species,
but primarily of caiman C. crocodilus.

In recent years, softer body portions of the heavily ossfied members of the species C.
crocodilus have increasingly been used in the manufacture of better quality products. South
American skins are shipped to South Africa, Japan and Southeast Asia and are often documented as
endemic true crocodile species after manufacture into products. Many are mideadingly sold to
vigiting tourists aswel, under the name of the familiar endemic species.

Figure 2 shows the typicd "hornback" look of products manufactured in Southeast Asia and
Japan. These are not truly native crafts, athough they do not reflect quaity commercia
manufacture. The skins are not well tanned and tend to be hard and somewhat inflexible. Rather
than displaying the ventral portions of the crocodilian as the foca point of front and rear panels, the
coarse back scalation of an anima skinned through the belly is the prominent feature. The bony
keeled dorsal scales preclude burnishing and finishing, thus the back scales are left dull while the
remainder of the skin is finished to a high gloss. Species most often used include caiman C.
crocodilus, the sdt-water crocodile C. porosus, Johnston's crocodile Crocodylus johnsoni, the
Siamese crocodile C. siamensis and infrequently, the Malayan fase gavia Tomistoma schlegeli.
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Native crafts reflect the opposite traits of qudity products. Native crafts generaly utilize
local tanning materials and can be identified by their uneven "hardness' due to hand processing
and inconsistent times spent at various steps in the tanning process. Many skins and products are
left in bleached-out neutral tones. The uneven suppleness and thickness of the leather, combined
with disregard for controlled tanning chemistry, preclude the uniform absorption of dyes. The
effect when dyed is a blotchy uneven appearance. Linings may be of similar poor quality domestic
leathers while borders and seams may be wrapped with leather thongs. Latches and fasteners are
usudly of leather as well. Holes in skins may smply be plugged with a glued-on patch. A number
of reptile species may be combined with crocodilians; favorites include python (Boidag), monitor
lizard (Varanidae) and sea turtle (Cheloniidag). While nearly any species of crocodilian may be
utilized in native crafts and sold locdly, African species and products from western Africa have the
widest sdles distribution and are often presented to the forensic examiner for identification. These
include the west African dwarf crocodile Osteolaemus tetraspis, west African dender-snouted
crocodile Crocodyl uscataphractus, and the Nile crocodile Crocodylushilaticus.

Characteristics of Frequently Utilized Species
As They Commonly Appear on Manufactured Products

The dwarf crocodile Osteolaemus tetraspis of west Africa is often used in the production of
poor quality native crafts, such as handbags and carrying cases. Its flanks are digtinctive and are
often prominently displayed on products. The species has I1SOs, and in addition, has large keeled
scales arranged in a random fashion in afidd of creased skin (Fig. 3F %). The characteristic nuchal
cluster on the back of the neck (Fig. 8C) is made up of a group of four scales arranged in a square.
Ventral scaes are arranged in 18 to 22 transverse rows. The bely skin is extensvely ossfied,
containing single osteoderms (Fig. 6C) and is hot easily dyed, shaved thin or decacified in tanning.
Products are diff, often bleached in color and frequently are Ieft in neutral tones or sometimes
dyed black or red.

The Nile crocodile, C. niloticus, and the west African sender-snouted crocodile, C.
cataphractus, both occur in trade and bear 1SOs. While some populations of Nile crocodiles do not
bear osteoderms in the ventral scalation, others do. These latter animals contain poorly developed
but diagnostic small dliptical osteoderms in the gular or pectoral regions of the skin (Fig. 6D). In
contrast, C. cataphractus has extensve round osteoderms in nearly dl of the ventral scales. These
osteoderms can be clearly seen as flattened hard reflections under the surface of the glossy smooth
scaes in tanned skins and manufactured products (Fig. 6C and D) and as larger hard bony plates in
native crafts.

Base plates and gusset portions of handbags may contain tail portions which display mid-
ventral rows of irregular scaes extending caudad from the cloaca (Fig. 9D), characteristic of the
Siamese crocodile C. siamensis. The species lacks ventral osteoderms but has 1SOs.

Inclusions of extra scales between the rows of scales on the ventral anterior portion of the tail
are diagnogtic for other species of crocodilians as well, and are often found under careful scrutiny
on shoes as well as larger items. Transverse ventral inclusons with 1SOs (Fig. 9A) identify the
sub-caudal tail skin of Morelet's crocodile C. moreleti.

Thetail skin of Crocodylus acutus, the American crocodile, can be identified if the inclusions
are restricted to the lateral portions of the tail asin Fig. 9C (Ross and Ross, 1974).
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The tail skin of black caiman M. niger is equaly identifiable. Although the inclusions are
similar to those of the Morelet’s crocodile, the black caiman lacks 1SOs.

Irregular swirling trails found on the ventral scales, including the tail scales of many
crocodilians throughout the world, were once thought to be characteristic of the Orinoco crocodile,
Crocodylus intermedius (Fig. 5C). They are, however, produced by a parasitic nematode of the
genus Capillaria (H.I. Jones, pers. comm.) and are not diagnostic.

Nucha scalation (Fig. 4A) may also be diagnostic for certain species. Nuchals are often
prominently displayed on native crafted as well as poorly manufactured hornback products (Fig. 2)
and hornback skins. The sguare block like nucha formation Fig. 8C) of O. tetraspis, the west
African dwarf crocodile, is unique, and combined with the presence of ventral osteoderms, 1SOs
and flanks composed of randomly arranged keeled scales in afield of soft creased skin (Fig. 3F?) is
diagnosgtic.

A typica Crocodylus nucha cluster (Fig. 8A), combined with connective scales so asto form a
continuation of the dorsal scales (Fig. 8E) identifies C. johnsoni, the Johnston's crocodile. The
flanks are composed of uniform rows of round scales similar to those in Fig. 3F". 1SOs are present
as are well developed ventral osteoderms.

The nuchal formations of the west African dender-snouted crocodile (Fig. 8F) and the
Malayan fase gavid T. schlegeli (Fig. 8D) are similar, however, the former species has ventra
osteoderms while the latter does not.

Although the Indian gavia Gavialisgangeticus has not entered trade in many years, perhaps it
should be noted that it does have a nuchd formation similar to Tomistoma and C. cataphractus,
however it differs in having uniform rows of square or hexagonal flank scales as opposed to round
or ova flank scales.

The saltwater crocodile, C. porosus, which has a typical Crocodylus nucha formation (Fig.
8A) may sometimes be identified by the lack of post occipital scalation (Fig. 4A). In addition, the
species lacks ventral osteoderms and has flank scalation arranged in uniform length rows similar to
Fig. 3F*. There are 30 to 35 transverse ventral rows of scales. The skin of this species produces
the finest of crocodilian leathers.

The nuchal clusters of members of the genus Caiman and Melanosuchus, as wel as A.
mississippiensis are didtinctive (Fig. 8B). However, the family Alligatoridae displays other
characteristics aswll.

Members of the family Alligatoridae may be separated from other crocodilians by their total
lack of body 1SOs. 1SOs are restricted to the head only. Although most aligatorids have ventral
osteoderms, the American dligator usualy has only poorly developed single osteoderms in the
pectoral and midventral regions, if at adl (Fig. 6C and D). The surface of the skin assumes a smooth
finish when tanned. The scar remaining from the umbilicus in this species remains throughout life
as a fine network of creases (Fig. 7), and can usually be seen near the top of at least one face panel
on larger purses and handbags.

The black caiman, M. niger, differs in having a composite square osteoderm in nearly dl of
the ventral scales (Fig. 6A). The surface of the ventral skin is highly polished, smooth, unpitted
and somewhat inflexible. Like al aligatorids, it lacks body 1SOs. The inclusons between the
ventral scale rows under the anterior tail are definitive (Fig. 9B). The flanks are composed of Sx
to eight rows of large, round, poorly keeled scales, alternating with rows of small scales (Figs. 10C
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and D). Manufactured items include handbags, wallets, billfolds, men's shoes, attache cases and
desk top accessories. The skin of the species is often too valuable to be sold in smdl pieces (Fig.
1D). Mogt skins originate from Bolivia but they are taken from neighboring countries.

Caiman dso lack body 1SOs end have large, sguare, composite bony osteoderms in the
ventral scales as do the black caiman, but differ in that when tanned, the belly scales display deep
surface pitting (Fig. 6B) in typica glossy finishes. Caiman may be tanned to a high gloss finish or
as suede like sauvage finishes. Osteoderms are clearly visible on the inside and outside surfaces of
the skin (Fig. 6A and B). Bombe finishes usually produce a wrinkling effect surrounding a raised
"button” on the outer surface of ventral scales.

The ventral scales of C. latirostris, the broad-snouted caiman, show extensive surface pitting
(Fig. 6B) when tanned. The trunk is wide, and is often used as a whole belly skin. The flank scales
are composed of a single row of rectangular large keeled scales, followed by one or two alternating
rows of large rectangular and small bead-like scales (Fig. 10A and B). There are no tail inclusions.
The composite ventral osteoderms take processing well. Unlike products from other members of the
caiman group, products may fed soft and more compressible to the touch.

The most commonly utilized crocodilians are the races of C. crocodilus of South America,
except for the Rio Apaporis caiman, Caiman c. apaporiensis. These animals are closdy related and
widdy distributed. The skins are collected throughout South America from a multitude of regions.
Skins are mixed during tanning and are shipped as mixed species to consuming and manufacturing
countries. Raw skins are also shipped to tanneries in Italy and France, where they again are mixed
and re-exported to other countries. Most skins are unmarked and are often taken in violation of
national wildlife regulations which often include harvest limits and sze limitations.

Whileit is relatively easy to distinguish the dark raw skins of the yacare caiman, C. c. yacare,
from the yelow green skins of the common caiman, C. c. crocodilus, or the dusky unicolor skin of
C. c.fuscus, tanned but unfinished bleached skins, and tanned and finished hides may be difficult to
separate on a subspecific level. All lack sensory organs, al have surface pitting (Fig. 6B), dl have
extensgve composite square ventral osteoderms (Fig. 6A) and none have ventra tail inclusons is
such as those found in the black caiman.

They do differ in flank scadation. While black caiman has six to eight rows of aternating small
and large round unkeeled scales (Fig. 10B and C), the yacare caiman has flanks composed of three
to five rows of round nearly unkeeled scales separated by "chain-like" interscales (Fig. 11). The rows
are largely uniform in longitudina arrangement.

C. c. crocodilus, the common caiman, usudly bears a row of enlarged strongly keeled ova
flank scales, followed by one or two series of ova keeled scales separated from each other in a
field of soft skin creases containing small round scales (Fig. 12).

We do not include the Rio Apaporis caiman C. ¢. apaporiensisin this discussion as the species
has aready been largely extirpated by commercidized hunting and is no longer found in
international trade.

The dusky caiman, C. c.fuscus, is similar to the common caiman, except the flank rows tend
to be uniform in arrangement and are separated from each other by a series of small bead-like
scaes (Fig. 13). Juvenile dusky caimans are frequently taken from Colombia under the 12 m size
limit and are tanned into wallets. As many as four belly skins may be used in a single men's wallet.
Many are sold as curios and novelties and originate in Mexico, Colombia and Panama.
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The wide flanks of the yacare caiman C. c. yacare are the most often utilized. Flank scalation
is usually composed of four rows of round or ova poorly kedled scaes separated by a chain like
pattern of creased skin and smal scales (Fig. 13). Single shipments of two to three thousand whole
flanks are not uncommon, and are not difficult to identify. However, when caiman skin scraps are
pieced together and fastened to steer leather, only the deeply pitted surface of the underlying
ventral osteoderms is available to make a determination. In this case, the only identification which
may be made is that it is amember of the family Alligatoridae and of the genus Caiman.

The genus Paleosuchus rarely is found in any appreciable numbers in commercia trade, and
then only as duffed curios. Bely scdes are the most extendvely boned, with composite
osteoderms that overlap successve scales to form an impervious armor, which makes commercial
processing uneconomical. Ventral scales arein 18 to 24 transverse rows.

Crocodilian Skin Reproductions

With the rising cost of quality crocodilian skin, a number of techniques have been developed
for reproducing genuine crocodilian skin patterns on domestic leathers and plastics. The results
have been moderately successful in that, in some cases, the species from which the type was taken
is readily identifiable on the artificidly manufactured product. To the untrained examiner,
artificial skin may be mistaken for the genuine product. Chemica or spectroscopic analysis may be
used to determine the presence of plastic components. However, atificia products are relatively
easy to separate from their genuine counterparts if afew basic principles are kept in mind.

Domestic leathers which are embossed with crocodilian prints are done so from prepared
stamps or molds. Thus, the scale patterns are repetitive, and body regions are often displayed with
body regions they are not associated with in life. Creases between scales and junctures lack the
ultra-fine detail, uniqueness and individudity of different living animals. Bony scales, expected to
be hard and unyielding, such as dorsal and nucha scales, are often as soft as surrounding scales.
Examination with a hand lens often reveals pock marks and blistering on the surface of the product
as a result of high temperature molding processes. Turning small pieces of surface material may
result in an odor of burning hydrocarbons, indicating plastic, rather than the odor of burning
keratin such as hair or feather.

The Identification of Crocodilian Skins by Biochemical Techniques

The biochemical identification of wildlife isin itsinfancy. However, systematics investigations
into the molecular identification of crocodilians have been carried out on blood (Densmore 1983)
and meat and blood (Joanen, pers. comm). Forensic biochemica investigations are underway
under the joint auspices of the New York Zoologica Society, Long Iland University and World
Wildlife Fund (USA). An overview of the application of current biochemical techniques is
presented in Brazaitis (1986a). A bibliography of the applications of forensic science in wildlife
law enforcement is given in Wilson, 1978).
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APPENDIX |
Key to the Identification of Whole Raw, Crusts, Tanned and Finished Skins
(adapted from King and Brazaitis 1971, Brazaitis 1973b).
1. & Ventra scaleswith integumentary sense organs (=ISOs) (Fig. 5A).......................... 2
b) Ventral scaleslacking 1SOS...................ci 10
2. a) Osteoderms (Fig. 6) present in ventral scales, at least in pectoral regions. ... . 3
b) Osteoderms absent from al ventral scale regions...................................... 6
3. @ Ventral scaesin22t0 24 transverserows. ... Crocodylusjohnsoni
b) ventral scales in 25 t0 32 tranSVerSErOWS ... 4
4. @& Flank regions (Fig. 3F%) adjacent to the ventral belly region composed of soft creased
skin containing few randomly located well developed kedled scales ... ...
................................................................................................................... Osteolaemustetraspis
b) FHank regions adjacent to the ventra belly region composed of round or ovad well
developed scales which are arranged in more or less organized rows (Fig. 3F%)............ 5
5. @ Ventra scales in gular, pectoral, and mid-belly and subcauda tail regions containing
large round osteoderms (Fig. 6C)...................ooooioii Crocodylus cataphractus
b) Ventral scales in pectoral and some mid-ventra scdes with feeble smal dliptica
osteoderms (Fig. 6D)...............ooi Crocodylus niloticus
6. a@ Anterior subcaudal tail regionslacking scaleinclusons.................................. 8
b) Anterior subcaudal tail scaleinclusions present (Fig. 9)................oi 7
7. @ Scde inclusons extending from the posterior vent, medidly through the first severa
rows of subcaudal tail whorls (Fig. 9D).............................. Crocodylus siamensis
b) Scae inclusons on the lateral portions of the anterior tail, extending across onto the
ventral and mid-ventral tail regionsFig. 9A)......................... Crocodylus morel eti
c) Scadeinclusonson the latera portions of the anterior tail only (Fig. 7C...................
......................................................................................................................... Crocodylus acutus
8. & Hankscaes (Fig. 1, 5) adjacent to belly scales square or hexagond inshape. ...
....................................................................................................................... Gavialisgangeticus
b  flank scaes adjacent to belly sclesround or ova inshape ... 9
9. & Ventra scalesin 24 or fewer transverserows........................... Tomistoma schlegeli
b) Ventra scaesin 24 to 26 transverserows.......... Crocodyl usnovaeguineae novaeguineag
............................................................................................................... Crocodylus mindorensis
) Ventral scalesin 26 or more transverserows. ... Crocodylus intermedius (26-28)

Crocodylus rhombifer 29-33)
Crocodylus palustris(28-32
Crocodylus porosus(30-33



10.

11.

13.

14.

b)

b)

b)

b)

Brazaitis

No osteoderms present in belly scales, or an osteodenn composed of a single bone (Fig.

B, D). 11
Osteoderms present in belly scales as a composite bone made up of at least two sections
(FIO.BA ) oo 12
Umbilical scar present in all Szes, appearing as a network of fine creases (Fig. 7);
ventral scalesin 29 or more transverserows.................... Alligator mississippiensis
Umbilical scar absent, ventral scalesin 28 or fewer rows...................... Alligator sinensis
Ventral scales lack surface pitting. ... 13
Surface pitting present (Fig. 6B)....................... 14
Subcaudal tail inclusions present (Fig. 9B); flank scales asin Fig. 10B, C; ventrasin 25
OF MOTE FOWS ..o Melanosuchus niger
Subcaudal tail inclusions absent, belly scalesin24 orlessrows............................
............................................................................................................ Pal eosuchus pal pebrosus

Paleosuchustrigonatiis

Ventral collar scales (Fig. 4) not noticeably enlarged, composed of a double row of

scales; belly scalesin 26-30 transverse rows; flank scalation asin Fig. 10AB..................
.......................................................................................................................... Caimanlatirostris
Ventral collar scales greatly enlarged, especialy mid- ventrally, composed of a single
row of scales, belly scalesin 20-27 transverse rows ... 15
Flank scalationasinFigure 1. Caiman crocodilusyacare
Flank scalationasinFigure 12 ... ... .. Caiman crocodilus crocodilus
Flank scalation asinFigure 13 Caiman crocodilusfuscus
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Figure 1. A. Full bely "crug" tanned skins of Caiman crocodilus. Crusts are partialy tanned and
are unfinished. The leather at this point is bleached white or tan and is softened. B. Flank skins
are cut from the sides of crocodilians, usudly caiman, and include portions of the upper front and
rear legs,as wel as the base of the tail and part of the lower jaw. C. Scraps or trimmings are
pieces of finished or crust skin which remain after flanks or whole skins are cut up for manufacture
into products. D. Black caiman skins are often cut up and sold as throats (t), bellies (c), girdles
(g), and tails (ta).
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Figure 2. Thisisa"hornback” handbag manufactured in Thailand from Caiman c.fuscus skins shipped from South America, and exported or
sold to tourists as native crocodile. The nuchd cluster (N), dorsal scales (D), pitted ventra scales (V), and flank (F) regions are shown.
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Figure 4. Body regions of crocodilians. A. SNC - single caudd verticils; DC - double caudal
verticils; D - dorsal scales; N - nuchal scales; PO - post occipita scales.

B. SC - sub-caudal scales; CL - anal opening or vent; V - ventral scales, CO - collar; G - gular
region.
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Figure 5. A. Arrows show integumentary sense organs (ISOs) found on the body scalation of
members of the families Crocodylidee and Gavididae. Ventra or bely scaes are depicted
diagrammaticaly. B. [1SOs as seen in life and on hides and products. Multiple 1SOs on ventra
scaes are not uncommon.  Multiple 1SOs are not diagnostic for any specific species. C.
Undulating worm trail produced by the boring of a parasitic nematode (cappilaria) which may be
seen on the ventral scales of many crocodilians from round the world.
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Figure 6. A. Arrows indicate composite two part ventral osteoderms typicd for Caiman and
Melanosuchus is viewed from the flesh side of a finished skin. B. Two part ventral osteoderms of
Caiman. Arrows indicate surface pitting in the finished skin. C. Arrows indicate the large round
osteoderms found in the belly scales of Crocodylus cataphractus as viewed from the flesh side of
the finished skin. D. Large arrows indicate small dliptica bely osteoderms of Crocodylus

niloticus as seen from the skin surface.
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Figure 7. Arrows indicate the network of fine creases which remains as an umbilica scar (U)
throughout the life of Alligator mississippiensis. The scar is usualy seen near the top of the front

panel of quality handbags made from this species. It is diagnogtic in conjunction with the absence
of 1ISOs.
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Figure 8. A. Nucha cluster (See dso Fig. 3) typicad for most Crocodylus. B. Nucha cluster
typical of Caiman and Melanosuchus. C. Nucha group typica for Osteolaemus tetraspis. D.
Nuchal group typical for Tomistoma. E. Nucha group typica for Crocodylusjohnsoni. Note the
similarity of the anterior scales in the nucha group to those in A; however, they are continuous
with the dorsal scales and are tightly sutured together to form what appears to be one contiguous
mass. F. Nuchal grouptypica of Crocodylus cataphractus.
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Figure 9. Subcauda tail section immediately postenor to the vent showing inclusions of scales. A.
In conjunction with 1SOs, subcaudal tail inclusons are shown occupying the latera and ventra
portions of the anterior tail which is characteristic of Crocodylus moreleti. B. Tail inclusions
typicd for Melanosuchus niger which lacks ISOs. C. Inclusions which are confined to the lateral
tail regions, typical for Crocodylus acutus. D. Midventra series of inclusions extending from the

vent through the first several rows of scales are typicd for Crocodylus siamensis.
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Figure 10. A and B. Flank scalation typica for Caiman latimstris: A. lllustrated. B. Inlife. C
and D. Fank scalation typica for Melanosuchus niger, composed of at least five rows of
alternating smdl and large round, poorly keded scales. C. Note aternating rows of large and

small scalesillustrated. D. In life.
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Figure 11. Flank scalation typical for C. crocodilusyacare. A. Diagrammatic. B. Raw dried skin.
C. Tanned and finished skin. D. In life (juvenile).
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Figure 12. Flank scalation typica for C. crocodilus crocodilus. A. Diagrammatic. B. Raw dried
skin. C. Crust tanned skin.
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Figure 13. Hank scalation typical for C. crocodilusfuscus. A. Diagrammatic. B. Asin life.
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INTRODUCTION

The common or spectacled caiman is a species complex whose taxonomy is in a confused state.
Primarily for management and conservation considerations, rather than for nomenclatoria
jutification, we follow in this chapter the terminology of the Red Data Book (IUCN 1982), using the
binomial Caiman crocodilus with four nominal subspecies (C. c. apaporiensis, C. c. crocodilus, C. c.
fuscus, and C. c. yacare (King and Brazaitis 1971; Brazaitis 1973)). Medem (1981) discussed the
vdidity of this usage and argued that Caiman sclerops should be applied to this taxon. Likewise he
recognized C. c.fuscus as two distinct.subspecies (fuscus and chiapasius), and gave full species status
to C. c. yacare (Medem 1983). Two additional subspecies C. c¢. mattogrossiensis and C. c.
paraguayensis have been included in another checklist (Wermuth and Mertens 1977). However, the

original descriptions were based on commercia hides (Fuchs 1974) and the use of those names
should be suppressed (Frair and Behler 1983).

Numerous works on C. crocodilus have been ‘published’ in Latin America as interna
manuscripts of government organizations and as theses of universities. Due to the difficulty in
obtaining such material we have been sdective and have cited only those that we consider contain
data or concepts of particular worth. Given Medem's (1981, 1983) extensive treatment of South

American crocodilians and their literature, we have restricted our review in generd to publications
of the last two decades.

*Theauthor ispresently Scientific Coordinator at Sustained Management Systems, 1221 Brickell Avenue, Ninth Floor, Miami, Florida 33131.
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GEOGRAPHICAL DISTRIBUTION

The common caiman occurs from about latitude 16° 20° N in Central America to latitude 34°
00' S in South America. Off of the mainland it occurs naturally on the idand of Trinidad and
Tobago. Feral populations are established in the Lanier Swamp in the southwest of the Ida de
Pinos (Cuba; Varona 1976), and in the State of Florida (USA) as far north as latitude 26° 40" (King
and Krakauer 1966, Ellis 1980). In the accounts of subspecies we list them in order of occurrence
from north to south.

C. c. fiiscus ranges from the Pecific drainage of the states of Oaxaca and Chiapas in southern
Mexico (Alvarez del Toro 1974), through Central America into northwestern South America. In
Nicaragua, Costa Rica and Panama it is found in both Pacific and Caribbean lowlands (Budowski
and Vahan 1976, Dixon and Staton 1983). In northwestern South Americait occurs to the west of
the Andes as far south as Machaa in the Gulf of Guayaquil in Ecuador (Medem 1983). The
subspecies extends east through the Caribbean drainage of Colombia, in the Cauca and Magdalena
basins, into the Maracaibo basin of northwestern Venezuela (Medem 1981, 1983), and aong the
Caribbean coast as far as the Rio Yaracuy (Medem 1983). The taxonomic relationships of the
most eastern population with C. crocodilus along the rest of the Venezuelan Caribbean coast is not
clear (Saijas 1986).

C. c. crocodilus is the most widespread subspecies and may well be a composite. Medem
recognize the existence of various demes in this subspecies and discusses the unpublished revision
that was begun by the late K. P. Schmidt of the Chicago Natural History Museum. The subspecies
occurs to the east of the Andes into northern South America in Venezuda, Guyana, Surinam,
French Guiana, Colombia, Ecuador, Peru, the Amazon basin in Brazil, and the idands of Trinidad
and Tobago (IUCN 1982; Medem 1983).

C. c. apaporiensis is known only from southeastern Colombia along a 200 km stretch of the
Rio Apaporis (Medem 1981, IUCN 1982).

C. c. yacare, which is regarded as a full species by Medem (1983), occurs in the LLanos de
Mojos region in the southeastern tributaries of the Amazon in Balivia (rivers Beni, Mamore and
Madre de Dios), in the adjacent Mato Grosso region of Brazil, and southward through the
Paraguay (Parana) River basin of Paraguay and northern Argentina (IUCN 1982, Medem 1983).

HABITAT

C. crocadilus is found in a wide range of aquatic habitats from sea level up to about 500 m,
representing the 24° to 27° isotherm (Chirivi-Gallego 1973), and exceptionaly up to 800 m
(Gorzula and Paolillo 1986).

C.c.apaporiensis

This subspecies is found in quiet waters and lagoons of the upper and middle Rio Apaporis.
Medem (1983) notes that the water temperature of the lagoons where they occur is warmer (25 to
28° C) than that of the adjacent bodies of water (21° to 22° C) occupied by Paleosuchus
pal pebrosus.
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C.c.crocodilus

General descriptions of the habitat of this subspecies have been given for numerous authors
(Medem 1981; Ramos et al. 1981, IUCN 1982, Gorzula and Paolillo 1986). Habitat types have
been described as. permanent and temporary lagoons, ponds, lakes, reservoirs, hydroelectric dams,
oxbow lakes, flood plains, quiet water, bodies of water in flat lands with sandy beaches without
plants, borrow pits, flooded savannas, savannas modulated with dikes, moriche and pam swamps,
swamps, marshes, brackish waters in mangrove swamps, the lower areas of forest streams, flooded
forest, rivers, river meanders, mudbanks at the bend of rivers, the mouth of branch creeks, shallow
waters with a gradualy doping shore and many inlets, drainage ditches, canals, and sometimes in
rivers near to fdls and rapids.

Climatic data have been reported for some areas (Ramos et a. 1981, Ouboter and Nanhoe
1984) and indicate that the habitat of C. c. crocodilus in Venezuela is characterized by a marked
dry season for the firgt few months of the year. Ramos et a. (1981) provide limnological data for
one site in the Venezuelan Llanos showing water temperatures from 26 to 30° C, ph from 5.7 to
7.5, and low concentration of minerals and nutrients, especidly cacium, magnesium, carbonates,
phosphorus and nitrogen. Limnologica data for 15 C. c. crocodilus localities and 7 Paleosuchus
trigonatus locdlities indicated that Caiman inhabits waters that are less oligotrophic than those
where P. trigonatus occurs (Gorzula et al. 1989). The mean temperature (°C), conductivities
(MHQOS) and total cations ( eg/l) were 26.1/22.4, 48.5/29.1, and 125.6/32.4 respectively. The
range of vaues for conductivity, sodium, potassum and total cations fdl into two distinct
groupings. The ranges of values for temperature, pH, cacium and magnesium overlapped only
dightly.

C. c. crocodilusis occasiondly sympatric with other species of crocodilians, but this may be a
seasonal phenomenon (Vanzolini and Gomes 1979, Medem 1981, 1983; Magnusson 1932, 1985;
Gorzula and Paolillo 1986). Its present day distribution may be in part due to its expansion to
places where larger crocodilian species are extinct or severely depleted due to commercia hunting
(Dixon and Sioni 1977, Medem 1983). Human intervention, through the creation of reservoirs,
dams and canas has favored the expansion of this subspecies by the creation of new habitats
(Dixon and Sioni 1977, Magnusson 1985, Gorzula and Paolillo 1986).

C. c.fuscus

Compared to the previous subspecies C. c.fuscus is more coastal, extending only up some large
riversin Colombia and Ecuador into the low lying dluvid plains. Its habitat has been described as.
quiet waters, swamps, lagoons, dams, meanders of large rivers, small streams and creeks, stormtide
inner beaches, lowlands, brackish water mangrove swamps, saltwater, and ponds on offshore idands
(Chirivi-Gdlego 1971, 1973; Alvarez del Toro 1974, Medem 1981, 1983; IUCN 1982, Seijas 1986).
Chiviri-Gallego (1971) notes that the specimens collected in saltwater habitats show flaking of the
dorsal scutes. Where sympatric with Crocodylus acutus, this subspecies occurs in low numbers
(Sejas 1986). In areas where C. acutus has been hunted out C. c. fuscus has invaded the former's
niche (Medem 1981,1983; Sdijas 19386).
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C.c.yacare

This subspecies has been described as inhabiting open waters, marshy savanna, lakes, lagoons,
roadside borrow pits, and rivers (IUCN 1982, Schaller and Crawshaw 1982, Medem 1983). It avoids
sdt or brackish waters (IUCN 1982). Although the general habitat is smilar to that of the
Venezuelan Llanos with a digtinct dry season in the latter hdf of the year, there is also a marked
cool period from June to September during which the air temperature may fdl to 0° C (Schaller and
Crawshaw 1982).

Although this subspecies occurs in two separate river basins, the watershed is low (about 400
m above sealevel). Medem's (1983) geographical generdities indicated that the flooded relatively
open plains of the Llanos de Mojos, the Mato Grosso and the Pantanal form a continuum of
habitat that is occupied by this subspecies. This habitat is distinct from the lowland forest habitat
of C. c. crocadilus in the adjacent Amazon region. C. c.yacare is the largest subspecies attaining
lengths of between 2.5 to 3.0 m. It isinteresting to note that the deme of C. c. crocodilus which
inhabits the llanos of Venezuela and Colombia, and which the late K. P. Schmidt had intended to
describe as adistinct subspecies, C. c¢. hundboldti (Medem 1983), aso attains large sizes (up to 2.5
m), whereas C. c. crocodilus in southern Venezuela are significantly smaller (Gorzula 1987).

POPULATION DENSITIES

Problems related to the censusing of caimans have been discussed by Magnusson (1982,1984)
and others (Gorzula 1984, 1987; Gorzula and Peolillo 1986). These authors have proposed
techniques for estimating size during such surveys (Magnusson 1983, Gorzula 1984). In most
surveys, with the exception of the Venezuelan Llanos where caimans concentrate into well defined
bodies of water during the dry season, it is not known whether the populations are partially or
totally migratory. The planning of surveys with regards to factors such as tide, weather and phases
of the moon is based on the individua experience of the researcher. It is not known what
proportion of the true population has been counted. The surveys are frequently not repeated and
densities are expressed as number per unit area of genera habitat, but do not take into account
within habitat preferences of the caiman. Additionaly, few workers report the age- or size-
structure of the population. In spite of these problems, the surveys conducted over the past ten
yearsor so indicate that C. crocodilusis still acommon speciesin many areas.

The magjority of surveys have been of C. c. crocodilus. In riverine habitats observed densities
in different countries are surprisingly uniform. In Peru, densities of 6.6 caiman/km of shore have
been reported for the Rio Mairia (Morley and Sanchez 1982) and 9.02 caiman/km of shore for the
Pacaya-Samiria National Reserve (Verdi et al. 1980). In the Coesewijne River in Surinam Glastra
(1983) observed densities from 0.7 to 19.0 caiman/km of river, the densities being higher near the
mouths of large side creeks and on sections of the river bordered by large open swamps. Mean
observed densities were 3.3 caiman/km of river during the wet season and 6.41 caiman/km of river
during the dry season. In the same area the overall density has been estimated at 5.3 caiman/ha of
habitat (Ouboter and Nanhoe 1984). In the Venezudan Guayana for riverine habitat and lake
shore a mean dengity of 252 caiman/km has been reported (Gorzula and Paolillo 1986). In the
Venezuelan Llanos Staton and Dixon (1975) calculated densities of 130 caiman/ha of lagoon
during the dry season, Ayarzaguena (1983) reported 80 to 150 caiman/ha of lagoon for similar
conditions and Marcdllini (1979) observed a mean vaue of 63.5 caiman/ha of lagoon. Caimansin
this area disperse over the flooded savannas during the wet season and population densities for
gross habitat (including dry land) have been reported as 0.17 caiman/ha for a 78,000 ha ranch
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(Ayarzaglena 1983), 0.21 for the same ranch (D’ Andria 1980), 0.19 for a series of ranches covering
atota area of 233,800 ha (Seijas 1986), and 1.11/ha for a 75,000 ha ranch (Woodward and David
1985). In modulated savannas in the same area dry season densities were 3.1 caiman/ha of water
surface, dropping to 16 caiman/hain the wet season (Ramos et a, 1981). For the Venezuelan
Guayana one study (Gorzula 1978) estimated densities of 100 caiman/ha of lagoon during the dry
season and 10 caiman/ha of lagoon during the wet season. Subsequent results for this region
(Gorzula and Padlillo 1986) egtimate an overall density of 6.64 caiman/ha of lagoon or 234
caiman/km of lagoon shoreline.

Populations of C. c. fuscus aong the northern coast of Venezuela have been surveyed by
Seijas (1986). In lacustrine habitats a mean density of 5.8 caiman/km of shoreline was reported
for 144 km of lake shore where C. c. fuscus occurs aone, but only 2.5 caiman/km (in 45.3 km of
lake shore) where they were sympatric with Crocodylus acutus. Likewise, in riverine habitat
densities were higher (7.1 caiman/km aong 143 km of river) in habitats where C. acutus was
absent than where they were sympatric (1.5 caiman/km aong 86.9 km of river).

In the pantanal area of Brazil Schaller and Crawshaw (1982) counted a total of 2,368 C. c.
yacare in borrow pits aong a 14 km stretch of the Transpantanal Highway. They estimated that
this figure represented 75% of the total population.

POPULATION STRUCTURE

The studies that have been made to date of the population structure of the spectacled caiman
have been of size structure, rather than age structure, of populations of this species. Results of ten
such studies are shown in Figure 1. Since certain authors did not include hatchlings in their
anadysis, we have eiminated data for hatchlings from those reports that did so. It should aso be
noted that, due to the high mortality that may occur in hatchlings, these percentages may vary
greatly within a given population in a short period of time. Likewise, authors varied in which
parameter was used to express size, using either the snout-vent length or the total length of the
animals. In order to facilitate a direct comparison between the use of both parameters two scales
have been given, one for the snout-vent length in mm and the other for the total length in m.
Staton and Dixon’s (1975) regression of Y = 23997 + 1.8548X was applied in order to calibrate
the two scales.

As abroad generality, yearlings of this species reach a snout-vent length of approximately 200
mm (Chirivi-Gallegos 1971, Blohm 1973, Rivero-Blanco 1974, Staton and Dixon 1975, 1977,
Gorzula 1978, Verdi et a. 1980, Medem 1981, AyarzagUena 1983). Females reach sexual maturity
as, or dightly before, they attain a snout-vent length of 600 mm. With the exception of certain
cases reported by Medem (1981) for C. c. apaporiensis, femaes do not grow larger than an snout-
vent length of 900 mm. Males possible reach maturity at alarger size than females do, but attain
substantially greater maximum sizes. Thus for the size frequency histograms of the Venezuelan
Llanos population (Fig 1: A, B, C, D and E) the firs size class shown (class Il individuas)
represent the non-hatchling immature portion of the population, the second size class shown (class
[11) represent al of the sexudly mature females of the population and the smaller mature males,
and the third size class (class 1V) represents adult males. All of these populations have suffered no
significant hunting pressure for at least ten years. In spite of different methodologies being
employed they show reasonably similar size structures, especialy with respect to the class IV
portion. The Brazilian Pantanal population of C. c. yacare studied by Schaler and Crawshaw
(1982; Fig. 1: F) is shown with four Size classes. The first two represent non-hatchling subadults
(class 11, the third represent adult females and subadults males (class 111), and the fourth are the
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Figure 1. The sze structure of nine populations of Caiman crocodilus - A: Venezuelan Llanos,
captures, N = 219 (Ayarzagiiena 1980); B: Venezuelan Llanos, visud sze estimates, N = 296
(Ayarzagiiena 1980); C: Venezuelan Llanos, visud sze estimates, N = 13,185 (Seijas 1984); D:
Venezuelan Llanos, captures, N = 174 (Staton and Dixon 1975) E: Venezuelan Llanos, visud size
estimates, N = 4,570 (Woodward and David 1985); F = Brasilian Pantana , visud size estimates,
N = 637 (Schaler and Crawshaw 1982); G = Venezuelan Guayana, captures, N = 119 (Gorzula
1978); H = Bradlian Amazonas, visua sze estimates, N = 112 (Magnusson 1982); | = Surinam,
visud sze estimates, N = 213 (Glastra 1983); J = Surinam, captures, N = 337 (Ouboter and
Nanhoe 1984). SVL = snout-vent length in mm. TL = total length in m.
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adults males (class 1V). It has been aready pointed out that C. c. yacare shares certain
characterigtics of its genera ecology with the Venezuelan Llanos deme of C. c. crocodilus. It is
thus an additional curiosity that the yacare caiman population studied, which was probably under
moderate if not intense hunting pressure, should show a population size structure with a marked
similarity to those of the Venezuelan Llanos populations.

The populations of C. c. crocodilus studied in the Venezuelan Guayana, Brazil and Surinam
(Fig. 1: G, H, I, J) are markedly different in size frequency distribution from those of the Llanos or
Pantanal, but again fairly smilar between themselves. In these cases the three sizes classes shown
were arbitrarily chosen to illustrate the genera trend of the population structure, and do not
correspond to the classes I, [11 and VI. All four populations were reported to be, or have been
recently, under dight to heavy commercia hunting pressure. However, Gorzula's unpublished
follow-up of the EI Manteco population for some fourteen years after a total hunting ban was
enforced suggest that this sze structure is normal of C. c. crocodilus, at least in the Venezudan
Guayana.

REPRODUCTION

Authors have generaly concluded that the sex ratio of C. crocodilus populations is 1.1,
dthough in some data it seems that this might not necessarily be so (Gorzula 1978, Ouboter and
Nanhoe 1984). The fact that males attain larger sizes results in marked differences in sex ratio
within certain size classes (Staton and Dixon 1975, Schaller and Crawshaw 1982, AyarzagUena
1983). Externa sexual dimorphism has been examined by Ayarzaguena (1983) who showed that
female C. crocodilus have proportionaly larger and more rounded eyes. In general femaes start
breeding when they have reached a total length of 114 m. However, Chiviri-Galego (1971)
reported a breeding femae C. c. fuscus of L08 m. The basic breeding strategy of this species is
that of amound builder that nests during the mid wet season, producing young at the beginning of
the dry season.

Courtship and mating - In the Llanos and Pantanal at the end of the respective dry seasons
caimans are concentrated in small permanent bodies of water. Although these aggregations are of
apassive nature due to environmental factors, thereis evidence that C. crocodilus does make active
breeding aggregations (Schaller and Crawshaw 1982, Ouboter and Nanhoe 1984). Breeding
behavior has been observed in the Ilanos from March to August (Staton and Dixon 1977) and in
the Pantanal from July to December (Schaller and Crawshaw 1982). Courtship involvesjumping, a
horizontal tail display, a vertical tail display, head dapping and tail dapping (Alvarez del Toro
1974, Staton and Dixon 1977, Ayarzagiena 1983). Vocalizations play little or no part in the
courtship of Llanos caiman (Staton and Dixon 1977). Nibbling by the femae of the mal€'s lower
mandible and mutual neck rubbing have been observed during pre-coitus (Alvarez del Toro 1974,
Staton and Dixon 1977). Copulatory position may vary according to the depth of water where it is
carried out. The maleis usualy on top of the female but one case was observed where the female
was on top of the male (Staton and Dixon 1977). Copulation lasts from four minutes to haf an
hour (Alvarez del Toro 1974, Staton and Dixon 1977).

Nesting - Nesting in C. crocodilus has been reported from August to October in the Llanos (Staton
and Dixon 1977) and in the mouth of the Amazon during May and June (Best 1984). C. c.fuscus
breeds dl year round in Colombia, but with a peak of nesting activity from January to March
(Medem 1981, IUCN 1982). C. c. yacare nests between December and April (Crawshaw and
Schaller 1980). Caimans used the materia closest to the nest site for construction (Alvarez del Toro
1974). Inthe Llanos nests constructed in open savanna were of Paspal umfasciculatum, and those in
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or near to galery forest were made of leaves, twigs and soil (Staton and Dixon 1977). Nest sizes of
C. c. crocodilusin the Llanos have been reported as a mean diameter of between 80 and 110 cm with
aheight of 40 to 50 cm (Rivero-Blanco 1974), and as a mean length of 117 cm, a mean width of 104.5
cm and with a mean height of 44.5 cm (Staton and Dixon 1977). Nestsof C. . yacare average 134 x
117 cm and 40.5 cm height (Crawshaw and Schaller 1980). A single nest of C. c. apaporiensis with
ten eggs has been found (Medem 1981). Clutch sizesin C. c. crocodilus vary from 14 to 40 eggs with
amean about 29 (Rivero-Blanco 1974, Staton and Dixon 1977). In C. c.fuscus smaller clutch sze
from 12 to 32 eggs have been reported (Alvarez del Toro 1974, Medem 1981, IUCN 1982). C. c.
yacare produces larger clutch sizes of 21 to 38 in Brazil (Crawshaw and Schaller 1980, Schdler and
Crawshaw 1982) and 23 to 41 in Bolivia (mean 33.6; IUCN 1982). Clutch Size may depend in part on
the size of the female. Eggs are dliptical to round, white, hard shelled and rugose. Eggs of C. c.
apaporiensis measured 66 x 63 mm (Medem 1981). Those of C. c. crocodilusin the Llanos averaged
64 x 41 mm and weighed 60 g (Rivero-Blanco 1974; Staton and Dixon 1977). Eggs of this subspecies
in Surinam are more elongate (Ouboter and Nanhoe 1984). C. c. fuscus eggs have been reported as
being from 63 to 70 mm long, 38 to 41 mm wide and weighing 40 to 45 g (Medem 1981). Next
temperatures has been measured from 25 to 32 C with amean temperature in the order of 29 to 30°
C (Blohm 1973, Staton and Dixon 1977, Crawshaw and Schaller 1980, Medem 1981). Incubation
periods are from 70 to 90 daysin C. c. crocodilus (Staton and Dixon 1977) and 75to 80 daysin C. c.
fuscus (Alvarez del Toro 1974). Several authors have observed that the female regularly attends and
guards the nest site during the incubation period (Blohm 1973, Crawshaw and Schaller 1980,
Ayarzaguena 1983) and Alvarez del Toro (1974) aso observed nest attendance by the male.
Hatching is accompanied by vocdization of the young (Staton and Dixon 1977, Gorzula 1978). The
femde, sometimes with the help of the male, opens the nest and escorts the young to the water
(Alvarez del Toro 1974; Staton and Dixon 1977; Crawshaw and Schaller 1980). The female may
carry the young in her mouth (Alvarez del Toro 1974), and there is evidence that she may also assist
hatching by cracking eggs open in her mouth (Crawshaw and Schaler 1980). Hatching in the
Venezuelan Llanos occurs from October to December with a peak in November (Staton and Dixon
1977). Peak hatching in the Brazilian Pantanal takes place in March (Crawshaw and Schaller 1980).

Postnesting period - After hatching the young stay together in discrete pods (Alvarez del Toro 1974,
Staton and Dixon 1977, Gorzula 1978, Medem 1981, AyarzagUena 1983, Romero 1983, Ouboter and
Nanhoe 1984, Gorzula 1986). Single sex pods have been reported (Ouboter and Nanhoe 1984), and
pods of mixed ages have also been observed (Gorzula 1985). Adult caimans defend pods in response
to distress cdls (Staton and Dixon 1977, Gorzula 1978, Staton 1978, Romero 1983, Ayarzaguena
1983, Ouboter and Nanhoe 1984, Gorzula 1986). Defensve behavior by the adults ranges from
displaying to outright attack. The defending adult is not necessarily a parent (Gorzula 1978; Gorzula
and Paolillo 1986). Although the pods generadly stay near the nest site, pods with a femae in
attendance have been observed undergoing migration (Ayarzaguena 1983, Ouboter and Nanhoe
1984). Pods may stay together for a year and a haf before dispersing, resulting in the femae
breeding during aternate years (Gorzula 1978, Ouboter and Nanhoe 1984).

GROWTH

The few studies on growth rate in wild populations have been of C. c. crocodilus (Fig. 2).
Gorzula (1978) used mark-recapture data to produce a growth curve for a population of spectacled
caimans inhabiting the savannalagoons in the Venezuelan Guayana. It was estimated that caimans
reach atotal length of dightly less than one meter in six years. It was aso shown that caimans less
than two years old grew steadily during the whole year, but thereafter the growth rate dowed
during the dry seasons. In an exceptionaly dry year there was no growth registered in five caimans
with total lengths of between 0.90 and 120 m, whereas during a wet year two caimans within this
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Figure 2. Growth rates of Caiman crocodilus in three populations - A: the Venezuelan Guayana
(Gorzula 1978); B: the Venezudlan Llanos (Ayarzagiena 1980); Surinam (Ouboter and Nanhoe
1984).
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Size range grew some ten centimeters each. Ayarzaglena (1983) using size frequency histogram
analyses produced a similar growth curve for caimans in the Venezudlan Llanos. Ouboter and
Nanhoe (1984) using mark-recapture data for a population of spectacled caimans in Surinam,
demonstrated significantly faster growth rates. Caimans were estimated to reach a total length of
nearly 130 m in five years. They suggest that the differences in growth rate, compared to that of
camans in the Venezuelan Guayana, were due to food availability.

The three studies of growth rate in wild populations show growth rates of between 2.0 and 2.6
cm/month during the first year of life. These results are smilar to the growth rates of hatchlings
kept under captive conditions (Rivero-Blanco 1974, Rodriguez-Arvelo and Robinson 1986).
However, Rivero-Blanco (1974) reported some exceptional growth rates for hatchlings that reached
lengths of between 55 and 60 cm in ten months.

FOOD AND FEEDING

Although over much of the range of C. crocodilus there have been no detailed studied of diet
and feeding strategies, it may be said that this species diet, as in other crocodilians, is very varied
and depend upon the size of the individuals, the season of the year and the specific characteristics
of the habitat where they live. Hatchlings and juveniles feed mainly on invertebrates, insects
(principally Coleoptera) being the mgor food items. Juveniles and adults dso feed on snails,
shrimps and crabs (Donoso-Barros 1965, Chirivi-Gallegos 1971, 1973; Alvarez del Toro 1974,
Staton and Dixon 1975, Castrovigjo et al. 1976, Gorzula 1978, Vanzolini and Gomes 1979, Seijas
and Ramos 1980, Verdi et al. 1980, Medem 1981, Ouboter and Nanhoe 1984). In subadults and
adults vertebrates progressively acquire more importance, including not only fishes and other
aguatic vertebrates, but also terrestrial species (Medem 1981; Alvarez de Toro 1974).
Cannibdism has also been reported (Staton and Dixon 1975; Schaler and Crawshaw 1982) and
feeding on carrion (Staton and Dixon 1975).

The variations in diet that have been demonstrated by different studies, including those
carried out in localities that are relatively near to each other (Castrovigio et a. 1976, Seijas and
Ramos 1980, Ayarzaglena 1983), may be interpreted as being due to differences in fauna
composition between localities, rather than due to the food preferences of specific populations of
camans. The importance of each food item, therefore, depends principaly upon the relative
abundance with which it occurs in the locdity. For example, the commonest fish found in the
stomach contents of caiman in aVenezuelan Llanos locdity (Seijas and Ramos 1980), correspond
precisely to the most abundant species that inhabit those waters (Ramos et al. 1981). Gorzula
(1978) indicated the importance of anurans in the diet of camans in the Venezuelan Guayana
during the rainy season, when these anurans are abundant. Snails and crabs are important in
caman diets in areas where these invertebrates are very common (Alvarez del Toro 1974, Medem
1981, AyarzagUlena 1933).

Feeding strategies and feeding behavior have received little attention in the literature. Our
observations and the literature suggest, as a broad generality, that the common caiman exploits
shdlow waters and the narrow littoral fringes of extensve bodies of water. Some types of feeding
behavior have been described in the literature. Ayarzaguena (Ayarzaglena 1983) ditinguished the
following feeding strategies: lying in ambush for terrestrial prey, localization of prey by the sounds
that the prey species produce; lying in wait for prey, principally fishes, that arrive by chance at the
gte where the caiman is. Schaler and Crawshaw (Schaller and Crawshaw 1982) describe
additional strategies, among which there is one where the caimans "drive’, using their body and
tal, fish towards the shore or into shalow waters where capture is easier. Ambushing and actively
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hunting of prey on dry land has adso been observed (Medem 1981; Alvarez del Toro 1974;
Ayarzagliena 1983).

PREDATION

Numerous animals have been indicated as natural enemies of C. crocodilus (Table 1). The
stages of life in which the spectacled caiman is most susceptible to predation are the eggs and the
hatchlings. The golden tegu lizard, Tupinambis nigropunctatus, is implicated as the most serious
predator of eggs in the Venezuelan Llanos (Rivero-Blanco 1974, Ayarzaglena 1983). Here and in
other locdities other real or potential predators of eggs include the crested caracara (Pofyborus
plancus), the crab-eating fox (Cerdocyon thous), and the raccoon (Procyon sp.; Leitap de Carvahlo
1951, Alvarez del Toro 1974, Rivero-Blanco 1974, Gorzula 1978, AyarzagUiena 1983).

Among the predators of hatchlings and juveniles are some species of fish (Alvarez del Toro
1974) and aguatic birds such as the maguary stork (Euxenura maguari), the American wood stork
(Mydteria americana), thejabiru stork (Jabiru mycteria) and the white necked heron (Ardea cocoi).
Captive animals have been observed to eat hatchling C. crocodilus (Gorzula 1978, Medem 1981),
which suggests that many animas would be predators of hatchling caimans if given the
opportunity.

Predators of adult caiman such as the Orinoco crocodile (Crocodylus intermedius), the
American crocodile (C. acutus), the black caiman (Meanosuchus niger), and the jaguar (Panthera
onca), have been exterminated over much of their former ranges. Perhaps the most important
predator of large spectacled caiman (apart from man) in the present day is the anaconda (Eunectes
murinus, Staton and Dixon 1975, Medem 1981, 1983; AyarzagUena 1983, Lopez-Corcuera 1984).
Medem (1981) cites the case of a2.05 m long spectacled caiman found in the stomach content of
an anaconda, and Lopez-Corcuera (1984) published an old photograph of a similar case.

ACTIVITY AND BEHAVIOR

Annual activity cycles - Inthe Venezuelan Llanos (Staton and Dixon 1975, AyarzagUena 1983), the
Venezudlan Guayana (Gorzula 1978), Surinam (Ouboter and Nanhoe 1984), and the Brazilian
Pantanal (Schaller and Crawshaw 1982) the population ethology of C. crocodilus is characterized
by dry season concentrations and dispersa in the rainy season. It has been described above how
reproduction is linked to this cycle. In some areas or in exceptionadly dry years caiman may
aedtivate by burrowing into the mud of drying lagoons (Staton and Dixon 1975, Dixon and Soni
1977, Medem 1981). In other areas the dry season concentrations of fish are a significant food
resource that is exploited by the caimans, and the dry season is thus a period of activity and growth
(Schaller and Crawshaw 1982, Ouboter and Nanhoe 1984). Staton and Dixon (1975) observed that
in the Venezuelan Llanos dry season concentration commenced in January and ended in July, with
peak concentrations in March. Caimans frequently returned to the same dry season refuge lagoon
in consecutive years in the Brazilian Pantanal (Schaller and Crawshaw 1982), but in some instances
males move to lagoons up to 94 km away. In general, females moved less than expected and
subadults moved more than expected. In Surinam (Ouboter and Nanhoe 1984) dry season home
ranges from 11 to 35 hawere observed in telemetry studies. Caimansin Surinam displaced up to 3
km inthe rainy season. In the Venezuelan Guayana (Gorzula 1978) caimans migrate to temporary
lagoons during the rainy season. These lagoons were used by the same caimans on successive
years. Single night foraging migrations to small pools for frogs were aso observed during the rainy
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Table 1: Predators of the common caiman, Caiman crocodilus.
Scientific name Common hame Life stage Source
PISCES
Hopliasmacrophthalmus Cetfish Hatchlings Medem 1983.
Serrasalmussp. Piranha Hatchlings Ayarzagliena 1980;
Blohm 1973.
Lepidosteustropius Hatchlings Alvarez del Toro 1974.
REPTILIA
Tupinambis
nigropunctatus Golden tegu Eggs Ayarzagiiena 1980;
Rivero-Blanco 1974;
Staton and Dixon 1977.
Drymarchon corais Indigo snake Hatchlings Alvarez ddl Toro 1974.
Eunectes murinus Anaconda Adults Medem 1983;
Ayarzagliena 1980;
Staton and Dixon 1975;
Lopez-Corcuera 1984.
Chelusfimbriatus Matamata Hatchlings Medem 1981.
Phrynops geoffroanus Side-neck turtle Hatchlings Medem 1981.
Melanosuchus niger Black caiman Adults Medem 1981.
Crocodylus acutus Caribbean crocodile Adults Medem 1981.
Crocodylusintermedius  Orinoco crocodile Adults Medem 1981.
AVES
Ardea cocoi White-necked heron Juveniles Gorzula 1978.
Heterocnusmexicanus  Tiger-bittern Hatchlings Alvarez del Toro 1974.
Nycticorax nycticorax Black—ﬁrowned night Hatchlings Ayarzagiena 1980.
eron
Mycteria americana American wood stork  Juveniles Gorzula 1978.
Euxenura maguari Maguari stork Juveniles Staton and Dixon 1977.
Jabiru mycteria Jabiru stork Juveniles Gorzula 1978;
Romero 1983.
Buteogallusurubitinga ~ Great black hawk Hatchlings Ayarzaguena 1980.
Polyborus plancus Crested caracara Eggs Ayarzaguena 1980;
Rivero-Blanco 1974.
MAMMALIA
Cerdocyon thous Crab-eating fox Hatchlings Ayarzagiena 1980;
Gorzula 1978;
Leitao de Carvahlo 1951.
Procyonspp. Raccoon Eggs Medem 1983;
_ _ Alvarez del Toro 1974.
Nasuanasua Coatimundi Eggs Crawshaw and Schaller 1980;
Leitao de Carvahlo 1951.
Feltspardalis Ocdot Juveniles Alvarez del Toro 1974.
Panthera onca Jaguar Adults Medem 1983.
Susscrofa Domestic pig Hatchlings Gorzula 1978.
Cebussp. Capuchin monkey Eggs Crawshaw and Schaller 1980.
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season in this area. In addition to seasonal migrations "forced migrations’ by caimans from areas
under heavy hunting pressure by man have been registered in Colombia (Medem 1981).

Did activity cycles - In the Venezuelan Guayana and Surinam, C. crocodilus is essentidly a
nocturnal species and basking during the day has been observed only infrequently (Gorzula 1978,
Ouboter and Nanhoe 1984). However, in many other areas basking is a normal part of the daly
activity pattern of this species (Alvarez dd Toro 1974, Staton and Dixon 1975, Maness 1976,
Marcellini 1979, Schaller and Crawshaw 1982, AyarzagUena 1983, Seijas 1986). In the Venezuelan
Llanos abimaodal cycle of basking has been reported by severa authors. The two modes correspond
with the morning rise and the late afternoon drop in air temperature. This behavior is assumed to
be thermoregulatory. Maness (1976) observed early morning basking followed by a second period
between 1700 and 1800 hours. Marcellini (cited in Medem 1981) recorded peak morning basking
activity at 0900 hours followed by even greater basking activity from 1600 to 1800 hours. The
proportion of caimans basking at any one time did not exceed 36% of the highest humber counted
during night surveys. Staton and Dixon (1975) showed that the marked bimodal basking activity
observed in April had virtualy ceased by May. AyarzagUena (1983), however, observed that bimodal
basking activity did occur during the wet season on sunny days during periods of severa days without
rain, but was absent on rainy or cloudy days. The basking behavior of individua animas has not
been followed.

Gorzula (1978) recorded mean cloaca temperature of 27.27° C (sd = 0.88) for camans in
savanna lagoons in the Venezudan Guayana. Staton and Dixon (1975) found that body
temperature of caimans during the dry season in the Venezuelan Llanos ranged from 255 to 33.0°
C (mean 30° C), with the highest temperatures occurring during late afternoon. Diefenbach (1975)
showed that preferred body temperatures in laboratory experiments ranged from 285 to 36.2° C
and were size dependent. Ouboter and Nanhoe (1984) demonstrated a similar phenomenon in
wild caught caimans in Surinam.

Spectacled caiman often dive in response to a predator such as man and may stay under the
water up to 80 min (Gorzula 1978). Such diving is accompanied by bradycardia (Gaunt and Gans
1969, Garrick and Saff 1974).

Social behavior - C. crocodilus is a territorial species. The incidence of stub-tailed individuals
increases with size in populations in the Venezuelan Llanos, the Venezuelan Guayana, and
Surinam and is presumably the result of intraspecific fighting (Staton and Dixon 1975, Gorzula
1978, Ouboter and Nanhoe 1984). However in the Brazilian Amazon region there was no
correlation between incidence of damage and the size class of the individuals (Magnusson 1985).
Territorial behavior has been observed in the Venezuelan Llanos (Staton and Dixon 1975). The
resident caiman displays to the intruder by tail-flagging. Infrequently the intruder may reply with a
smilar display. Usually such interactions result in the intruder fleeing or being chased out by the
resident. Territoriality has been demonstrated indirectly by Gorzula (1978) who displaced marked
camans into similar lagoons that contained caimans. In 15 of 18 such trials caimans returned to
the original lagoon where they were first captured. In three instances the caiman remained in the
lagoon where they had been displaced. Homing up to 24 km was recorded. On one occasion a
caiman was recaptured while homing, and it was concluded that the caiman had waited until the
first rainy night to effect its return.

C. crocodilus has paired throat and cloacal musk glands. Caiman often release musk upon
being captured (Gorzula 1978). Musk squeezed from the throat glands of a hatchling and mixed in
the water licited a strange svimming response in the mixed pod from which it had been captured
(Gorzula 1986). Musk is not dways present in these glands, but no correlation between or other
factors has yet been described, nor has any function for musk yet been proposed.
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AyarzagUena (1983) produced an ethogram for C. crocodilus. He also listed three non-vocal
and eight vocad sounds as part of the repertoire of auditory signas of this species. He considered
the three non-voca sounds (palmada de cabeza, geiser nasal and chasquido) to have territorial
and threat functions. Six of the vocal sounds (bramido, ronquido, pujido grave, pujido agudo,
pujido atenuado and aviso de pdigro) were produced exclusvely by adult caimans. The two
remaining sounds were the "distress’ and "contact” calls of hatchlings.

Territoriality and socid hierarchy in the spectacled caiman are undoubtedly maintained by a
very complex series of visual, auditory and chemica signals. However, most observations of
caiman behavior have to date been either limited to specia situations, such as daytime observation
of dry season concentration of caimans, or have involved human/caiman interaction, such as
capturing hatchlings and observing the response of adults. These brief insights into the behavior of
the spectacled caiman are far from providing a comprehensive understanding of the complex
intraspecific communication of a caiman community.
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CROCODILE MANAGEMENT IN ZIMBABWE
J.M. Hutton and G.F.T. Child

Departtment of National Parks and Wild Life Management,
P.O.Box 8365, Causaway, Harare, Zimbabwe

INTRODUCTION

The Nile Crocodile Crocodylus niloticus Laurenti, 1768, is the only crocodile native to
Zimbabwe. Though within the tropics, Zimbabwe's climate, and as a result the distribution of
crocodiles, is strongly influenced by altitude (Hutton 1984). Prior to 1900 the range of the
crocodile in Zimbabwe was not documented, but the animal probably occurred along al perennia
and many annual rivers below 1800 m, with reliable breeding below 900 m. Despite ahigh leve of
crocodile/human conflict, this range has not been greatly affected by Zimbabwe's burgeoning
population. Numbers were markedly reduced in the 1950s, but have recovered and athough there
has been some loss of habitat, crocodiles have benefitted from the proliferation of dams. In
particular, the construction of Lake Kariba created particularly favorable conditions for crocodiles
at the time when their numbers were poised to recover as aresult of new conservation policies.

The Department of National Parks and Wild Life Management of Zimbabwe (hereafter, the
Department) recognizes wildlife as a renewable natural resource and considers that conservation is
encouraged when the resource is used for the benefit of the people who live with it. It is
impractical to attempt to safeguard a species through legidation and law enforcement unless
people are a least tolerant towards it. This is especidly true of a large predator like the Nile
crocodile which serioudy competes with legitimate human interests. Although non-consumptive
uses may be preferred, there is not dways a choice and benefits can often only be realized through
the marketing of animals or their products. This philosophy towards the conservation and use of
wildlife is well illustrated by the sustained-yield utilization of C. niloticus in which, for 20 years,
eggs have been collected from the wild and hatchlings raised for their skins on licensed rearing
stations.

Unfortunately, in Zimbabwe and elsewhere, management of the Nile crocodile aong these
lines has been hammered by palitics. C. niloticus is classfied by the IUCN as "vulnerable"
(Groombridge 1982). Trade in its products was restricted when C. niloticus was placed on
Appendix | of CITES prior to the acceptance of the "Berne Criteria' (CITES Conf 1.1, 12 and 1.3,
1976) for listing, ddisting or transferring species between appendices. Many African Parties to the
Convention questioned this classfication and at least four, including Zimbabwe, entered a
reservation againg it. An inability to trade in the species would have represented a mgor setback
for its conservation, with every likelihood of irresistible demands for the extermination of
crocodiles outside protected areas. The success of Zimbabwe's policy of conservation through
utilization led to the country’s C. niloticus population being acknowledged as "out of danger" and
transferred from Appendix | to Appendix Il of CITES in 1983 (CITES 1984). This was followed,
in 1985, by its downlisting in 9 other countries, each agreeing to an annual export quota.
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This chapter describes the conservation of C. niloticus in Zimbabwe and for completeness
includes information on the animal's biology, its conflict with humans and the history of its
exploitation, its present utilization (together with associated legidation and technology) and,
perhaps most importantly, the present status of the wild population and its response to
exploitation.

LIFE HISTORY

The life history of C. niloticus is markedly affected by the environment. In Zimbabwe,
hatchlings measure about 0.3 m total length (TL) and grow at a rate largely dependent on
temperature. Puberty is more influenced by size than age. Females mature at approximately 2.6 m
TL which has been recorded as taking from 8-30 years (Hutton 1984). Females rarely exceed 3.2
m TL, but males longer than 4 m TL are common and individuas greater than 5 m TL have been
recorded from the Zambezi River in recent years (M. Ellerment pers. comm.).

Courtship and mating occur in July and early August (cool-dry season). Nest chambers are
excavated and most clutches laid in late September (hot-dry season).

Both clutch and egg size increase with the increasing age and size of the femae (Hutton
1984). The average clutch size of the Lake Kariba population is 45 (Blake and Loveridge 1975).
Although dependent on temperature, the incubation period is about 90 days, during which most
femades remain in nest attendance. Incubation temperatures also determine the sex of embryos
(males at high temperatures) and as a result, the sex ratio of the population (Hutton 1987b).

The extent and causes of nest failure vary between localities, but losses can be as high as 77%
where incubation temperatures are sub-optimum. In warm areas predation is usualy the largest
single factor accounting for losses. At Ngezi predation averaged 40% over 10 years (Hutton 1984).
The main natural predator isthe Nile monitor Varanusniloticus.

Hatching usualy takes place in December (hot-wet season) and is invariably assisted by the
femade.

Juveniles are highly susceptible to predation until they reach 1.2 m TL which can take from 3
to 8 years. In coadl localities, where growth is dow, juvenile mortaity becomes a bottle-neck to
population growth (Hutton 1984). In warmer locdities, where nest success and juvenile
survivorship are high, the reproductive potential of the species begs some form of density-
dependent regulation. Though there are few data from the wild, the intra-specific predation of one
size class by another is implicated in the regulatory process. Cannibalism is common in captivity
and ecologica separation of size classes has been recorded in some wild populations. The home
ranges of adults and their offspring (<1.2m TL) coincide, but are completely separate from those
of larger juveniles and subadults (Hutton 1984).

As a result of the various environmenta factors which affect life history processes, crocodiles
are demographicaly most successful in areas of Zimbabwe below 600 m (Fig. 1).

Nile crocodiles are opportunistic predators though their prey target size increases with body
size (Cott 1961, Hutton 19874). Large mammals comprise the main diet of crocodiles larger than
25 m TL and in populated areas this may lead to the death of people and their livestock.
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MANAGEMENT

Perspective - There has dways been conflict between crocodiles and rura people dependent on
natural water supplies for their domestic and livestock needs, but this has intensified since the
1940s when human numbers entered a phase of exponentia increase. Zimbabwe has no tradition
of crocodiles or their eggs being used as food, but their destruction has dways been viewed as a
sarvice to the community.  Originaly this hunting probably had little effect on either crocodile
numbers or distribution. However, soon &fter the Second World War the commercia hide hunting
of C. niloticus commenced. This peaked in the 1950s, bringing many accessible populations to the
point of extinction (G. Hall pers. comm.). At that time, Zimbabwe's crocodiles were only
protected within National Parks which covered less than 5% of the country and contained little
habitat suitable for the anima. Unprotected populations were affected badly by uncontrolled
exploitation. For example, few large crocodiles survived aong those reaches of the middle
Zambezi which are now submerged by Lake Kariba (G. Child unpubl. data).

As a result of the Wild Life Conservation Act, crocodiles first received a measure of legal
protection throughout Zimbabwe in 1961. At the same time the foundations were laid of the
present Parks and Wild Life Estate which recognizes six classes of protected area, includes 12.7%
of Zimbabwe and has substantial prime crocodile habitat. Mainly due to the control of skin
hunting, crocodile numbers responded immediately.

Although crocodiles occur virtualy throughout Zimbabwe, the country is divided by a central
watershed which separates the two main river basins with crocodile habitat below 600 m. It is
therefore convenient to consider that the recovery took place in two digtinct populations, one in the
northern Zambezi basin, the other in the southern Save/Limpopo basin - better known as the
lowvdd (Fig. 1). There are important physical and developmenta differences between the two. The
Zambezi vdley has poor agricultural potential and is poorly developed. The Zambezi River is
perennia and a 300 km section was flooded by the construction of the Kariba dam in the late 1950s.
The resultant lake and most of the remaining river are part of the Parks and Wild Life Estate. By
contrast, the region of the Save and associated rivers supports a dense human population. Large
areas are irrigated and virtualy the only undisturbed crocodile habitat occurs as relatively short
stretches of the Save, Runde and Mwenezi Rivers in the Gonarezhou National Park (Fig. 1). All
riversin the area are annual and although they previoudy had large perennia pools, many of these,
especidly in the east, have been modified by impoundments, irrigation and resultant siltation. The
crocodile population in this area is restricted by its dry season water requirements and may have
dways been much smaler than that of the Zambezi. Unfortunately, athough most undesirable
interactions between humans and crocodiles occur in the lowved, the Zambezi population has the
greater harvesting potential.

As recorded by Zimbabwe's newspapers, at least twenty persons were killed by crocodiles
during the period 1982 until 1986 (Hutton 1986). In addition, many deprivations on livestock were
reported to the Department's problem animal control units which respond to al serious crocodile
problems by capturing or, occasionaly, destroying the offending animals.

Rationale - The Parks and Wild Life Act of 1975 broke with traditional wildlife legidation in Africa
and, in addition to consolidating the present system of protected areas, it effectivdly conferred
ownership of most wildlife onto the landholder. Mechanisms exigt to prevent abuse, but in general,
landowners have the discretion of using their wildlife as they deem best and al benefits from such
use accrue to them as there are no state hunting licenses or country-wide hunting seasons (Child
1977). The rationale behind this legidation is that the people best able to conserve wildlife are
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those on whose land it occurs and that their motivation for doing so is increased with an economic
incentive.

The possibility of a sustained-yield harvest of C. niloticus in Zimbabwe was first considered in
the early 1960s, when crocodile populations were beginning to recover and cdls for their control
were becoming difficult to resist. The first permits alowing crocodile rearing stations to exploit
the Lake Kariba population were issued in 1965.

It was argued that crocodile rearing stations would provide and make conspicuous an
economic incentive to maintain Zimbabwe's wild crocodile populations and this has proved to be
the case a the policy-making level. In 1985 hide and live sales earned Zimbabwe the equivaent of
amost Z$I million in foreign exchange, while Spencer's Creek Crocodile Ranch (one of the two
stations which has viditor facilities) entertained approximately 40,000 tourists. As a resullt,
crocodile welfare is a consideration when new development is planned. If this was not the case,
many prime crocodile breeding sites would have disappeared by default aready.

Unfortunately, despite its benefit to the national and loca economies, the industry offers little
direct advantage to the people of the Zambezi who have crocodile neighbors, and none to people
inthe lowveld. Every year numerous crocodiles and their eggs are destroyed in the lowveld, while
in 1984 humans destroyed over 38 crocodile nests dong the upper Zambezi River (R. Gee pers.
comm.). Although little information is available, it appears that the Zambezi nests were destroyed
by fishing communities (usudly fishing illegdly) in retaliation for net damage. Perhaps more
serious for the crocodile population in this area is the entanglement and death of adult crocodiles
in nets, though inadequate data are available on the magnitude of this problem.

Clearly, rural communities should be involved in Zimbabwe's conservation policy, but
providing them with a tangible benefit is not simple. Crocodile eggs are delicate and their
collection by largely uneducated rural people has been dlowed, but has proved unsatisfactory.
Suggestions that stations should pay for eggs have been resisted where the crocodile resource is on
land with communal tenure because the benefits would not directly accrue to those most involved.
In 1985 a number of people aong the worst affected stretches of the Zambezi River were
employed by stations to act as "wardens," locating and protecting nests for their collectors and this
scheme shows promise. To tackle the problem in the lowved, two new rearing stations are
planned, one of which is to be run as a co-operative in a poor Communal Area (former Tribal
Trust areain which dl land is communally owned) with a high population of crocodiles and other
wildlife.

Magnusson (1984) made a number of observations regarding the captive propagation of
crocodilians and concluded that, for species with poorly valued commercid hide, such as Caiman
crocodilus, neither farming (where adults are kept for the production of eggs) nor ranching (where
eggs are collected from the wild) is likely to be economicdly viable. Unfortunately, the impression
was given that the value of crocodile farming and ranching is dubiousin dl circumstances. In fact,
with species which produce high quality "dlassic" hides, rearing is usualy preferable to the hunting
of wild animals.

Commercia rearing stations in Africa are privately funded and impinge little on limited
government wildlife budgets. Capital investment in rearing facilities creates a commitment to
sustained-yield harvesting, perennial employment and honesty in trade. If correctly managed, a
harvest of eggswill yield many more skins than a harvest of live animals (mortality of wild eggs and
juveniles can exceed 95% and the killing of adults erodes reproductive capital) and any mistake in
the level of exploitation is less dangerous where eggs are being utilized. Hide size and quality can
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be controlled on rearing stations and, where skins are "stored" as live animals, advantage can be
taken of short-term market fluctuations.

The importance of rearing stations in displaying the economic vaue of crocodile conservation
must again be stressed.

Mechanics - The mechanics of utilization are smple. Wild crocodiles and their eggs are protected
throughout Zimbabwe by a specia Statutory Instrument which makes it illegal to "injure, willfully
disturb or remove the egg of any crocodile; or hunt or remove any crocodile' except by specia
permit available from the Department (Hutton 1986).

Egg collection permits are currently issued to only five commercia rearing stations. These
produce skins from a mixture of ranching and farming. As noted above, two new stations are
planned to utilize the lowveld population.

Permits for wild eggs are issued annualy on the basis of each station's rearing success in the
previous year. Overal egg quotas are set by the Department using data from monitoring of the
wild population, but the Crocodile Farmers Association of Zimbabwe (CFAZ), in a salf-regulatory
role, recommends individual quotas for its members. These are subject to the Department's veto,
but are usualy accepted.

It is not intended that captive production should replace the wild harvest. Only from
biological necessity, based on population monitoring, would wild quotas be reduced. However,
farming dlows stations to expand beyond the limit imposed by quotas.

Permits carry a number of standard conditions which include the requirement that stations
submit monthly stock returns and cards as well as maps recording egg collection information
(Hutton and Brennan 1985). Stations aso have to make available to the Department, for
restocking purposes, a number of juveniles of 12 m TL equivaent to 5% of the eggs collected
(juveniles of this size appear to be free of interspecific predation). In readlity, for a number of years
the Department has taken only a few of these crocodiles, mostly for research. The wild population
is large (Taylor, Loveridge, and Blake unpubl. data), making restocking an unnecessary (and
unpopular) option. Nevertheless, the 5% requirement" isretained.

The sport hunting of a limited number of large crocodiles, especidly on private land, is
considered to have a conservation vaue and is permitted.

In accordance with Zimbabwe's obligations to CITES arisng from its successful 1983
proposal to downlist the species, al crocodiles and their derivatives which enter international trade
are marked with unique tags identifying their country of origin and their legdity.

REARING INDUSTRY

Some technical aspects of crocodile production have been presented (Blake 1974, 1982), but
ideas and technology are in a continual state of flux, being as much influenced by personalities as
science. The following summarizes the rearing process as it stands today.

Eqg collection - Blake (1974, 1982) has described egg collection where nests are found with a
probe and the eggs recovered with great care. A similar sysem continues, but aircraft are used
increasingly to locate nesting females.
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Eggs are usualy collected after 50 days because, though never rigoroudy tested, experienced
collectors hold that the probability of embryonic mortality is highest in eggs lifted during the first
few weeks after laying. However, athough late collection has the advantage of alowing invigble
egos to be digtinguished, by the time of collection a large proportion of nests have been logt to
predation. Early collection would alow these eggs to be utilized. In addition, there is mounting
evidence that incubation conditions strongly influence the subsequent growth and survivd of
hatchlings (Hutton 1987b). Under these circumstances, early collection would have advantages.
Some stations, anticipating this possibility, are aready lifting the eggs of captive stock shortly after
ovipodtion (before the embryo has attached to the shell membranes) and artificiadly incubating
them for the full period of development.

Because of the vast area over which wild eggs are collected it will never be possible to obtain
them within afew hours of laying, but this may not be as critical as commonly beieved. Although
flooding of Zambia's Luangwa River necessitates that eggs are collected early, within a few weeks
of laying, in 1985 hatching success was 85% (C. Beukes pers. comm.). Further investigation may
show that earlier collection is practical in Zimbabwe and, if so, it will be encouraged.

Until 1985 the quota of eggs given to any station never exceeded 2500 and was commonly less.
However, inviable eggs did not count against quotas (Hutton and Brennan 1985). From 1985 dl
eggs counted against permits and to compensate for this quotas were increased by 10%. As a
result, the mean percentage of eggs rejected as inviable, which had risen to 14.5% by 1984,
immediately fel to 7.4%. Incubation success did not decline (88.8% in 1984 and 90.5% in 1985)
and thus it appears that eggs were more efficiently selected.

Incubation - Broadly similar incubation technology has evolved on each station. Eggs are packed
in moistened vermiculite or sand within styrofoam boxes (Blake 1982). These are stacked,
approximately 30 cm apart, on wooden shelves in a room in which, by various means, the
temperature is maintained between 28° and 34° C. Experience has shown that heating is easier
and more accurately controlled than cooling.

With the exception of one or two notably poor seasons, since 1979 the rearing stations have
regularly achieved 80-90% success when hatching wild eggs (Fig. 2). The average hatch over the
period 1981-85 was 89%. While eggs are spending most of their incubation under natural
conditions it is unlikely that better success can be achieved. Under the present system, precise
temperature control is difficult and short term extremes are prevented by the vermiculite or sand
used as packing. One station, planning to artificialy incubate eggs for their full term to influence
hatchling survivd, has built a smple, inexpensive, but more efficient incubator in which hatching
success has been better than 90% (R. Lowe pers. comm.). This incubator compromises a small
(10m?), well insulated room which is plastered and enamel-painted for hygiene. The eggs are
stacked, without packing medium, in shdlow plagtic trays. A high humidity may be maintained
either by a continuous flow of, or standing, water. Temperatures are maintained within 0.5°C by a
fan heater with a sendtive thermostat. It seems likely that al stations will eventualy switch to a
similar design and opt for early collection.

Hatching - When wild eggs are collected it is common for the embryos within a single clutch to be
a different stages of development (Pooley 1969, Hutton 1984) and hatchlings, if alowed to emerge
undisturbed, may do so over a period of several days or even weeks. Blake (1974) considered that
the "croaking" of emerging hatchlings stimulated neighboring embryos to hatch, but Magnusson
(1980) disagreed. Some stations prudently isolate boxes of "croakers' to avoid premature hatching,
others leave them amongst developing clutches.
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Figure 2. Hatching success of wild eggs on each of the five rearing stations from the firg issue of
their permits (station 1 since 1971; station 2,1967; station 3,1977; station 4,1981; station 5,1965).
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Idedlly, hatchlings which emerge unaided are washed and toe clipped in a clutch specific
sequence. Each clutchis placed in adry concrete pen or plastic tray of approximately 1 m , within a
hygienic, well ventilated room where hatchlings are alowed to "harden-off for 24-48 hours at 34°C.

Assisted hatching is done under strict hygienic conditions. Premature hatchlings with poorly
resorbed yolk may require extended "hardening-off'. They are kept dry except for a short daly
swim in clean, shalow water dosed with tetracycline at 20 mg/1. The holding area is disinfected
daily.

Care of hatchlings - The quantity and quality of crocodiles surviving to the end of their first year has
shown great variation both between and within stations, mortality on the most successful station has
ranged from 5 to 55% in consecutive years while on the poorest station it has been consigtently
greater than 30% and was 100% in one year (Fig. 3). The average from al stations during the
period 1981-85 was 28.2%.

Hatchling crocodiles are very susceptible to handling and other stresses as Garnett (1983)
clearly demonstrated with Crocodylusporosus. Though unqualified, the following are considered
to cause stress, contributing to mortality on Zimbabwe's stations: unsuitable temperatures, poor
hygiene, overcrowding, rough handling, poor size grading (resulting in a dominance hierarchy),
inadequate attention to routine in feeding and cleaning and poor nutrition.

Mortality is clearly temperature related. More hatchlings have died in September, at the end
of the cool season, than in February, immediately prior to the cool season, or November when the
hot season is well advanced (Hutton and Brennan 1985). Low cool season temperatures suppress
appetite, digestion and growth. Heating of ponds can substantialy reduce mortality and increase
food intake and growth (Blake and Loveridge 1975).

All stations appreciate that they have a temperature problem and have tackled it in some way,
some by covering the pens at night, others by pumping water, which never falsbelow 18° C, direct
from Lake Kariba. Unfortunately, it is not certain how effective these efforts have been because
stations have usually underestimated the optimum temperature for growth (Hutton and Brennan
1985). The only hatchling rearing system with precise temperature control is that at Spencer's
Creek, the most temperate station, which has pens incorporating thermostatically controlled coal-
fired heating.

Extremely high temperatures also stress crocodiles, and death is recorded as occurring at
temperatures approaching 40° C (Hutton and Brennan 1985).

It is clear that, athough the ultimate cause of death is usudly disease, temperature or other
stress is commonly the predisposing factor and a great number of deaths could be avoided with
appropriate management.

Enclosure design is by no means standardized on stations, but small, outdoor, concrete pens,
approximately 3m?, each with a saucer-shaped pond holding 50 hatchlings are currently preferred
to larger pens holding 200 to 300 animals at the same density. Temperatures are more eesly
regulated, hygiene strictly maintained and disease controlled in small enclosures. Insulating the
concrete of the pool, and covering pens with black plastic sheeting, when the ambient temperature
begins to fall, can maintain high temperatures at night (Siziba 1985). Overheating during the day
can be prevented by artificial shade. Feeding and cleaning routines are grictly maintained. Pens
are best cleaned and disinfected after every feeding and dways refilled with clean borehole or
purified water.
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Figure 3. Annual percentage hatching mortality on each station since the issue of their permits.
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Hatchlings are moved into these pens in early January after the "hardening-off" period. They
are graded in March/April before the onset of the cool season, and again in October, when the new
hot season is well advanced and before they are moved to new accommodation. Pens are then
sterilized with formalin and sun-baked for as long as possible before the next season's hatchlings are
introduced.

Environmental chambers, of a smilar kind to those successfully used with Alligator
mississippiensis in Louisana (Joanen and McNease 1974) are currently being tested at
temperatures of 34°C by a member of the CFAZ and the preliminary results are more
encouraging than those recorded from Australian crocodiles under similar conditions (Webb et a.
1983).

Experience has shown that irrespective of the quality of facilities, information and extension
services, the raising of crocodiles requires stringent management.

Care of rearing stock - On four stations, mortality among rearing stock (yearlings and older)
commonly has been below 5% per annum. On the coolest station, however, rearing stock
mortality has been as high as amongst hatchlings (Fig. 4). The overall mean mortality in the
period 1981-85 was 3.3%.

Blake (1974) described the variety of pens used for rearing stock. Each design has proved
adequate, but a double concrete pond resultsin an equa distribution of animals and a minimum of
stress during cleaning. Adjacent ponds are drained, cleaned and refilled on aternate days and the
crocodiles are thus never denied access to water. Corners and vertical sides are avoided, ovd
ponds with a saucer-shaped profile are considered mogt effective. As with hatchling pens, amosaic
of shade isprovided. Separate feeding platforms are being built on some stations. These adlow the
crocodile to retreat into atrough of shalow water with their food, preventing contamination of the
main pond. At least one station has completely concreted the area around ponds, others maintain
a surround of closgly cropped grass.

Some stations have earth "finishing" ponds, but the bdlief that these promote better growth
than concrete pens has gill to be verified. However, earth ponds are inexpensve and when
properly managed do not appear to be less successful than those of concrete. If management is
inadequate, efficient cropping is difficult and problems of hygiene, burrowing and escape may be
encountered.

Feeding - Blake (1982) noted that the diet of captive crocodilesin Zimbabwe is virtually restricted
to kapenta (Limnothrissa miodon), a sardine-like fish, and game meat (particularly elephant) from
controlled hunting and on-going population reduction exercises.

On mogt stations, fresh kapenta is favored for hatchlings. Where only red meat is fed,
deficiency syndromes soon appear and a supplement of vitamins, calcium, trace elements etc. is
adways added, often in the form of dried kapenta. Continual monitoring of food qudlity is
encouraged, and some stations even supplement kapenta with cacium, trace elements and
vitamins.

As noted by Magnusson (1984), the political climate of Zimbabwe has changed and the
human population is rapidly growing. Although the financid justification is unlikely to change,
socid pressures againg the continued feeding of crocodiles with game meat are anticipated and
alternative sources of protein are being examined. One established station is diversfying into
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ostrich production for hides (for the luxury leather trade) and meat to maintain crocodile
production, another is experimenting with the large-scale production of bream fry (Tilapia spp.) in
tanks.

Additional stations will only be alowed if, in addition to other requirements, they can show
that they have access to an adequate and reliable source of food.

Disease - Disease has affected serioudy the viability of crocodile farming in Zimbabwe and there are
ethical objections to a system of conservation and management in which large numbers of animals
succumb to disease (Foggin 1987). The fact that there is considerable variation in the occurrence
and severity of disease between farms depending on climate, management, egg incubation, diet and
housing suggest that these factors play a mgjor role in the development of disease and that severe
losses are a secondary manifestation of poor husbandry.

The main causes of death are mgor infectious disease syndromes including bacteria
septicemia (Aeromonas and Salmonella species), vird hepatitis and coccidioss.  Runting, the
causes of which are unknown, usualy leads to death and is a severe problem on some stations.

Less important syndromes have been caused by pox virus and fungd infections, parasites,
over-feeding and dietary deficiencies.

While disease prevention through improved husbandry is being encouraged, disease
treatment remains important and athough considerable work on this subject has already been
done on rearing stations (Foggin 1987) more research is required and planned.

Cropping, flaying and curing - Zimbabwe crocodile hide is marketed in commercia units based on
the width of the belly and by tradition animals have been slaughtered when about 15 m TL and 30-
35 cm bely width (BW). However, the optimum size for cropping depends on a combination of
production and marketing factors and has been as low as 25 cm BW. All stations crop by shooting
the required animals in the head with a .22 short bullet. To ensure qudlity control, the CFAZ
encourages a standardized skin preparation based on international practices. After washing, the
backskin is removed ahead of that on the belly and each is thoroughly cleaned before curing in wet
sdt. Skins are then graded, measured and tagged before being rolled and stored in a cold room
prior to export (Van Jaarsveldt 1987).

Efficiency - The proportion of incubated eggs which result in saleable hides has varied grestly
between stations and on some has been consistently low. As an example of the efficiency of the
industry in recent years, it is notable that of the average total of 9,600 eggs available to four
stations in each of the years 1978 until 1982 only 3,360 (35%) were successfully hatched and raised
to cropping size, and of these 43% were on one station. In order to improve this performance, in
1985 the Department and the CFAZ together adopted minimum standards for each stage of the
rearing process and any station which does not consistently achieve these standards may be
penalized by having its quota of wild eggs reduced. An immediate improvement was recorded in
the ensuing 1985-86 season with only one station fdling short of requirements. By 1987 an
efficiency of 65% is anticipated and by 1990, with more eggs from captive stock, the five existing
stations should be producing 15,000 hides per annum.

All crocodiles and their derivatives are marketed to best effect under the auspices of the
CFAZ.

Research and extension - The industry is provided with extenson services by the Department
(which has a full-time crocodile specidist) and the Department of Veterinary Services. However,
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recommendations are often based on experience rather than research. Research has been
hampered by a shortage of funds, alack of experimenta facilities, the remoteness of stations and a
lack of scientific expertise on the part of station management. Recently, the CFAZ has provided
central experimental facilities, including eight heated pens for hatchlings, and two stations
presently have managers with scientific training. Critical problems have been identified and an
extengve research program is underway. This includes investigations into the effect of incubation
on subsequent growth and survivd, the effect of stress on growth and susceptibility to disease,
pathogenicity to disease, nutrition and the design and thermal dynamics of enclosures.

EFFECTIVENESS OF MANAGEMENT

Response of wild populations - The most heavily exploited populations are those of Lake Kariba
and the upper Zambezi River between the lake and the Victoria Falls, but the brunt of increased
egg collection in recent years has been borne by the Kariba population from which atotal of 11,273
eggs were removed in 1985 (Fig. 5). As a result, survey and monitoring has focused on this
population. Only about 8% of the Zambezi below the lake is exploited and there are virtualy no
census data for this stretch of water.

From virtua extinction in the 1950s, crocodilesin the upper Zambezi increased until, by 1971,
they bred in sufficient numbers to support the collection of about 2,000 eggs each year. This was
not necessarily the maximum number of eggs that could have been removed, but reflected the
caling of one station's quota. From a peak of 1974 in 1975, the number of eggs recovered had
fdlen by 40% to 1,305 (of which 275 had been destroyed by humans) by 1985 despite intensive
searching. The decline is due to the uncontrolled expansion of settlement and fishing on the
Zambian sde of the river. The Department has accepted that, with the exception of a few smal
colonieswithin mgjor tributaries, this population is severely threatened and some of the remaining
animals are being captured and moved to rearing stations.

Very little is known about crocodiles aong the Zambian shore-line of Lake Kariba, but on the
Zimbabwe side only those in the extreme western headwaters are serioudy affected by pressures
from fishing and settlement. Most of the remaining shore-line has well protected crocodile habitat
and controlled fishing. Annual aerial and spotlight surveys conducted since 1975 suggest that the
population numbers some 30,000 animals, 5,000 of which are adults (Taylor, Loveridge and Blake
unpublished data). In its present state, monitoring does not give any indication of trends, mainly
because there is no good correction factor for the effect of fluctuations in lake level on the number
of animas seen. However, it is clear that the population has risen to its present level in the 25
years since the lake filled, while being exploited for most of this period.

Aeria surveys are rapid and smple, but only give an index of the number of large crocodiles in
an area. Correction factors for the size structure of a population are established from spotlight
counts, the accuracy of which is commonly considered dubious (Hutton 1984). As a consequence,
any demographic response to utilization may not be detected for severa years, until they are
reflected as changes in the numbers of large juvenile and adults. Because the present system of
monitoring does not show trends, some concern has been expressed about the doubling, since 1980,
of the number of eggs collected from the lake and the fact that al areas outside Matusadona
National Park are now regularly exploited (Hutton and Brennan 1985). However, as only about 300
nests are being raided for eggs each year, while census data indicate that there are 5000 adult
crocodiles, it has aso been suggested that the population may still be under-exploited and the quota
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st by the Department too conservative. As detailed below, the information necessary for modeling,
prediction and improved management is being sought as a matter of priority.

Monitoring and research - As part of the Department's monitoring efforts, stations have been
required to submit information on the fate of every clutch collected since 1969. Unfortunately,
athough there is some important information of clutch size and the number of nests in broad
localities, these records adlow no measure of natura predation and collecting efficiency, nor do
they give the exact locality of nests. In 1985, after analysis of al the available data, the system of
returns was altered and stations are now helping gather this information.

It has adready been noted that direct census and monitoring of population humbers has also
been of limited value. As aresult, census and survey techniques are being researched. In order to
gain enough information to measure and monitor the size structure of the population,
radiotelemetry is to be used to establish movement and dispersion patterns and capture-recapture
experiments are planned to provide correction factors which can be applied to eliminate bias
inherent in different forms of survey.

Recent research into the dynamics of a Nile crocodile population has identified the critica
data required before exploited populations can be modeled and the demographic effects of
different exploitation regimes predicted (Hutton 1984). Together with the University of
Zimbabwe, the Department is now directing research towards obtaining information such as
growth rates, size and age a maturity, sex ratio, proportion of females breeding each year,
reproductive success and size-pecific mortality from Lake Kariba crocodiles.

CONCLUSIONS

Crocodile management in Zimbabwe is based on the pragmatic philosophy that, particularly
with species which conflict with man, utilization can lead to conservation. This has proved to be
the case. Crocodile numbers have climbed since the end of uncontrolled hunting in the early 1960s
and it is now estimated that there are more than 30,000 crocodiles in Lake Kariba alone. The
economic benefits of utilization have proved particularly important where emotive conservation
and development issues have been argued.

As aresult of recent research into the dynamics of crocodile populations, it has been possible
to make some predictions as to the level of exploitation which would be sustainable in a population
of a given size and age structure. Unfortunately, despite considerable expenditure of resources,
accurate measurement of these parameters for larger populations has proved eusive, thus
requiring that management remain both conservative and adaptive. More research is being
focused on census techniques, particularly with respect to factors which affect apparent age
structures, such as size-specific dispersion.

Even with utilization, Zimbabwe's burgeoning population threatens to deplete the crocodile
resource unless more obvious benefits are made available to rural communities which coexist with
the animals. More emphasis is being placed on this aspect of management and in one scheme
cooperdtive rearing stations are planned.

The industry has been largely dependent on inexpensive meat from game cropping. While
the use of game meat is likely to remain economically justifiable, socia pressure againgt its useis
anticipated and aternative food sources are being investigated. To alow rearing stations to
expand and to buffer them from unfavorable egg quota decisions, the keeping of limited captive
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breeding stock is being encouraged and it is expected that food, rather than the availability of eggs,
will limit the size of the industry.
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FOREWORD

Background data for this paper have been derived from the IUCN Environmental Law
Centre's "Index to Species Mentioned in Legidation”. This Index which has been maintained since
1978, forms a part of IUCN'’s Environmental Law Information System. ItS purpose is to assist in
ascertaining the lega status of species and higher taxa mentioned in international agreements or
national legidation. To date, over 1500 international and national law instruments have been
anayzed for inclusion in the Index.

Considerable efforts are made by IUCN to obtain on aregular basis copies of legidation from
countries throughout the world. Nonetheless it is recognized that gaps still exist in the collection.
As the fidd of conservation legidation is rapidly evolving it is difficult to track rapidly changes in
legidative provisions. Therefore, athough extensive, the data cited in this paper are not totaly
comprehensive. Rather the authors intend to provide an illustrative overview of national and
international law which concern crocodilians.

) BACKGROUND

Legd protection for crocodiles is a recent phenomenon. It has come only after the redlization
that wide scale exploitation of crocodiles for profit was resulting in the extermination of a vauable
renewable resource. In the past, crocodiles were almost everywhere either smply ignored by
national law or listed as pest or vermin species whose destruction was encouraged at al times and by
any means. In other words, the taking of crocodiles was completely unrestricted.

Crocodiles were aso ignored by the earliest internationa wildlife conventions. For example,
the London Convention of 1933 (Convention Relative to the Preservation of Fauna and Florain
Their Natural State) did not include crocodiles in its Annex of protected species. Nor were they
listed in the proposed amendments to that Annex which was put forward at a Conference in
Bukavu in 1959. Furthermore, none of the lists of species to be protected established in pursuance
of the Western Hemisphere Convention of 1940 (Convention on Nature Protection and Wildlife

* Note: The views expressed in this paper are those of the authors and do not necessarily represent those of IUCN.
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Preservation in the Western Hemisphere) mention any species of Crocodilia. In fact, the only
reference to crocodiles in early international law can be seen in the African Convention of 1900
(Convention for the Preservation of Wild Animals, Birds and Fish in Africa) which was never
ratified and, therefore, never came into force, and which urged Parties to destroy the eggs of
crocodiles.

During the 1960's it became evident that the current rates of exploitation could well result in,
a least, the commercial extinction of several species. This redlization came only after severa
decades of unfettered explaitation of crocodilians in Latin America and one to two decades of such
exploitation in Africa and Australia.

Protective legidation followed which applied mostly to commercia hunting, it generally
provided for the licencing of crocodile hunters, the establishment of closed seasons and the
determination of a minimum size under which crocodiles could not be taken or their hides sold.

Significantly, the African Convention of 1968 (African Convention on the Conservation of
Nature and Natural Resources), listed crocodiles for the first time in an international instrument as
species the taking of which was to be regulated by the Contracting Parties.

Since then, the amost universal legidative trend has been towards increased protection for
crocodilians.  In many countries, since mere exploitation regulations were seen to be clearly
insufficient to prevent a further decline in populations, complete protection became the rule. As
this was till not sufficient, domestic and international trade prohibitions were introduced through
national legidation. Finadly a comprehensive international system for the control of trade in
wildlife and wildlife products covering, inter alia, dl species of crocodilians was established when
the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES)
was adopted in 1973.

Another convention, the 1979 Migratory Species Convention (Convention on the
Consarvation of Migratory Species of Wild Animals) lists the gharial (Gavialisgangeticus) as afully
protected endangered species and the estuarine crocodile (Crocodylus porosus) as a species
requiring international cooperation for its conservation and management.

Consequently, unrestricted commercial exploitation of wild populations of crocodiles now
belongs to the past. Poaching, however, remains rife in many areas and gaps in enforcement of
national and international legidation continues to pose problems. As controls tighten, however,
saveral countries with remaining relatively heathy crocodile populations are now turning to
"ranching” as a more rational form of exploitation. That is to say the rearing in a controlled
environment of hatchlings collected from the wild or obtained from eggs o collected. Examples of
such ranching schemes can be found in Papua New Guinea and Zimbabwe. In order to meet
conservation concerns these operations require prohibition or strict control of taking of adults in
the wild, regulation of taking of eggs or young, and a system to ensure that only ranched specimen
may enter trade.

This paper provides an overview of legidation currently in force for the conservation of
crocodiles, with mgjor sections devoted to enactments covering the prohibition or restriction of
taking and trade in these species since modern lega provisions are dmost entirely limited to these
two approaches. Habitat protection for the specific purpose of preserving crocodiles is rarely a
lega requirement, and afind section of this paper is devoted to a review of the few exigting legal
provisons available for the conservation of crocodile habitat. This is certainly an area in
conservation legidation which requires further development.
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1) TAKING

Crocodiles are no longer ignored in legidation. In amost al countries of their range,
crocodiles are either fully protected, or partidly protected, i.e. they may only be taken under a
permit or license system. They are hardly ever still listed in legidation as vermin, athough thisis
il the casein Madagascar, for example, pursuant to the terms of a 1961 decree which remainsin
force.

A) General Overview

1) Full Protection

In many jurisdictions, crocodilian species enjoy full protection with legal prohibitions against
the taking of crocodiles for commercial or sport purposes. Indeed, there is a reasonable match
between those crocodilian species considered "endangered” in the IUCN Red Data Book and those
which are given full protection.

However, full protection is never absolute. It is usual for exceptions to be included within
legidation dlowing taking for scientific research or education purposes and for sdlf-defense or
defense of property. For example, it is standard in African legidation to provide for exceptions in
the case of protection of livestock. Since crocodiles pose obvious safety problems, it is clear that
legidative provisons will exist for the destruction of nuisance individuals. This applies even to
endangered species such as (C. porosus) as is provided for in the 1984 amendments to full
protection legidation in Queensland, Australia.  Findly, athough the effectiveness of full
protection from taking varies from jurisdiction to jurisdiction, it has been universdly recognized
that this protection must be reinforced by trade controls if efforts to improve the conservation
status of crocodiles are to succeed.

2) Partial Protection

In certain jurisdictions a system of partial protection for crocodilian species has been established
by law. One example may be seen in limited exceptions for sport hunting, such as for Crocodylus
niloticusin Ethiopiaor for C.porosus or Crocodyluspalustrisin Sri Lanka.

Another example may be seen in the institution of open and closed seasons for commercia
exploitation, or for minimum size limitations for such exploitation. In Nicaragua, commercia
licenses are required and there are size limits for taking, eg. minimum length of four feet. In
other jurisdictions, minimum belly width has been established as a condition for taking. This was
the case as early as in 1958 in the legidation of Oubangui-chari (at the time a French possession,
now the Central African Republic) where a limit of 25 cm was set. Current examples include a
limit of 25 cminthe Ivory Coast and Zairewith 1.5 m for C. niloticus and Crocodylus cataphractus,
and 50 cm for Osteolaemustetraspis.

In a small number of cases instead of setting a minimum size to protect juveniles, legidation
establishes a maximum size to safeguard the breeding potential of mature individuals. An example
can been seen in the 1972 legidation of the Solomon Idands where the export of crocodiles and
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crocodile skins, the bely-width of which exceeds 50 cm, is prohibited except for the skins of
crocodiles reared in a crocodile farm. Papua New Guineds legidation aso provides for the
prohibition or restriction of taking, possession, disposal or exportation of crocodiles below a set
size. Pursuant to this legidation a maximum width of 51 cm was imposed in 1969 for specimensin
trade. Although in these two cases the actual taking of oversized specimens does not seem to be
prohibited, the fact that such specimens cannot be sold or exported provides a lack of incentive for
such taking.

The tendency to set size limits received the support of African delegations at the Fifth
Conference of the Parties to the CITES Convention in Buenos Aires (April 1985) as the submission
presented by Mdawi for the transfer of C. niloticus from Appendix | to Appendix Il made it clear
that young and breeding crocodiles would not be hunted, with controls being instituted in regard to
the length of the crocodiles alowed to be harvested.

B) Specific Examples

In the following paragraphs, an indication is provided of the coverage of current national
legidation in Africa, tropical America and in Asia and the Pecific concerned with the taking of
crocodiles.

1) Africa

Thelegd status of dl three species of African crocodiles - C. cataphractus, C. niloticus and O.
tetraspis is the same whenever more than one species occurs in a particular country. Although
there are exceptions, full protection is usudly given to crocodiles in countries where populations
have been serioudy depleted.

a) Examples of Full Protection Legidation

Angola . Hunting Regulations of 1957.

Benin . Ordonnance portant reglementation de la protection de la
nature et de I’ exercice de la chasse, 1980.

Burkina Faso . Lo portant interdiction de la chasse a Felephant, a
I’ hippopotame et au crocodile, 1979.

Burundi . Reglementation de la chasse et de la protection des especes
animales, 1971.

Central African Rep. . Ordonnance portant protection de la faune sauvage et
reglementant I’ exercice de la chasse, 1984.

Egypt . Decree 1059 of 1934.

Ethiopia . Wildlife Conservation Regulations, 1972 (Note, however,
that specimens may be taken under a supplementary game
license).

Gambia : Wildife Conservation Act, 1977.

Ghana . Wildlife Conservation Regulations, 1971.

Liberia . Decision of the President, 1978.

Nigeria . Endangered Species Decree, 1985.
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Senega . Decret portant code de la chasse et de la protection de la
faune, 1967.
South Africa . Inthe two provinces where C. niloticus (the only crocodilian

species in South Africa) still occurs, Natal and the Transvaal,
full protection is provided by provincid legidation (Natal
Nature Conservation Ordinance, 1974, Transvaal Nature
Conservation Ordinance 1983). There is no relevant federd
legidation.

Tanzania : Wildlife Conservation (National Game) Order, 1974.

b) Examples of Partia Protection Legidation

In severa Africanjurisdictions, legidation exists which dlows for crocodiles to be taken under
a game or commercia license. Although such hunting laws are dill in force, in severa of these
countries hunting bans have been instituted pursuant to regulations under the legidation. Severa
examples fallow.

Ivory Coast: Commercial taking is regulated by the Arrete reglement la chasse des crocodiles et
varans dans un but commercia, 1967, with minimum width set a 25 cm. However, an overdl
hunting ban was established by order in 1974 and another 1974 order required that hunting rifles and
hunting licenses must be deposited at local district offices.

Kenya: C. niloticus is listed as a game species which may only be taken under license (Wildlife
Conservation and Management Act of 1976). However, Lega Notice No. 120 of 1977 banned dl
hunting until further notice and cancelled al hunting licenses.

Mali: Pursuant to the Ordonnance portant ingtitution d’'un code de la chasse, 1969, crocodiles were
classified as game species that may only be taken by holders of hunting licenses, with a bag limit of
3 animas per year and per licence holder. However, recently an overdl hunting ban was
established by Decree 325 PGRM (date unavailable).

Niger: Crocodiles were listed as pest species by the Loi fixant le regime de la chasse, 1962. An
overd! bunting ban was, however, indtituted in 1964 for a period of two years. This ban was
subsequently extended several times until a permanent hunting ban was established by decree in
1972. In addition, on the occasion of a future revision of the Hunting Act it is intended to upgrade
the Nile crocodile to fully protected status (letter of the relevant authorities in Niger to the
Environmental Law Centre of I[UCN, dated 19 September 1985).

Somdia Under the Fauna (Hunting) and Forest Conservation Act of 1969, the Nile crocodile
could only be taken by holders of supplementary game licenses. There was a maximum bag limit
of two specimens. However, a complete ban on the hunting of al wildlife was established by Act
No. 65 of 1977.

In other African countries the taking of crocodiles is authorized under licence. Examples include:

Botswana . Fauna Conservation Act, 1961.

Cameroon . Arrete fixatt la liste des animaux des classes A, B, e C,
1983.

Congo . Arrete determinant les animaux integraement et
partiellement proteges prevus par laloi, 1983.

Malawi . Crocodile Act, 1968.

Mozambique . Modalidades de Caca, 1978.
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Rwanda : Ordonnance-loi portant creation de I'office Rwandais du
tonrisme et des parcs nationaux, 1973.

Sierra Leone . Wildlife Conservation Act, 1972.

Sudan . Preservation of Wild Animals Act, 1936.

Togo . Ordonnance reglementant la protection de la faune et

I'exercise de la chasse, 1968. Under terms of this law, al
three species of crocodiles are listed as predatory species.
They may be killed a al times in inhabited and farming
areas. The use of firearms to kill crocodiles in such areas is
limited, however, to holders of valid bunting licenses
(Decree No. 79-139 of 1979). In game management areas
crocodiles are game species and may only be taken by
holders of specia licenses.

Uganda : Fish and CrocodilesAct, 1951.

Zare . Loi portant reglementation de la chasse, 1982.

Zambia : National Parks and Wildlife Act, 3.12.1968.

Zimbabwe . In Zimbabwe crocodiles are protected adong the Zambeze

River and its tributaries up to 20 km upstream of their
confluence (Statutory instrument 718 of 1980). They may be
killed elsawhere by holders of game licenses. Rearing
stations have been established for the purpose of commercial
exploitation. The harvesting of wild laid eggs to supply these
stations is to be grictly controlled on the basis of a quota
system for the conservation and management of crocodiles.

c) Examples of Crocodiles Listed as Pest Species

Madagascar . Decret repartissant en trois catagories les oisealx et animaux
sauvagesvivants, 1961.

d) Incomplete Information

The IUCN Environmental Law Centre does not hold legidation materials concerning
crocodiles from Chad, Namibia or Swaziland. In addition, in a few other countries, based on
information available, the legd sSituation for crocodiles is unclear. For example, in Gabon,
crocodiles were not mentioned in the Wildlife Act of 1960. A new Wildlife Act was adopted in
1982, but its implementing regulations have yet to be approved. A temporary ban on al hunting
was proclaimed by aDecreein 1981. Thiswas rescinded for small game (unspecified) by decreein
1982. In Guinea Bissau under the Regulamento de caca, 1980, the taking of crocodiles by sport
huntersis prohibited, but it is apparently the case that commercia hunting is authorized. Findly,
in Mauritania, the Hunting Act of 1975 prohibits commercia hunting of al species but other
taking is not covered.

2) Tropical America

Within Tropical America, many countries have now ingtituted overall or commercial hunting
bans which provide conservation benefitsto crocodilians. Information is provided in the following
section about the jurisdictions which have instituted such bans and thereafter a treatment of the
legal status of particular tropical American crocodilian speciesis provided.
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a) Overdl Hunting Ban

Colombia . Decreto 1608 of 1978 provides for only subsistence hunting,
pending officid listing of game species.

Paraguay . Decreto No. 18796, 1975, prohibits all hunting of indigenous
wildlife.

Peru . Decreto Supremo No. 934-73-AG, 1973, prohibits for an

indefinite period of time dl non-subsistence hunting in the
region of La Sdva (i.e. the Amazonian lowlands).

Uruguay . All vertebrates except fish have been protected from hunting
as from as early as 1953 pursuant to Government Order
under Ley No. 9.481 of 1935. Thereis, however, avery short
list of excepted game species which are specified in annual
hunting orders. No crocodilians have been listed as excepted

game species.
b) Commercia Hunting Bans

Brazil :Act No. 5197,1967.

Costa Rica :Act No. 6919 of 1983 and Decreto No. 15273A of 1934.

Ecuador . Decreto No. 487 of 1980 which prohibits commercia hunting
of dl reptiles.

Mexico . Ley de Caxa, 1951.

Nicaragua . Decreto No. 625 of 1977.

c) Speciesby Species Andysisin Tropical America

Alligator mississippiensis

This species was initidly classfied as endangered throughout its range in the United States
and its taking was prohibited under the Endangered Species Act of 1973. It has now recovered in
many parts of its range as aresult of Federal and State protection. Specia rules were developed as
a consequence to alow controlled exploitation in those states where populations had sufficiently
recovered: Louisiana, Texas and, most recently (1985), in Florida (50 CFR, 17.42).

The species is also protected by State legidation. The legidation of Florida (Florida Wildlife
Code Title 39) is particulary interesting. Statute 372-66 indicates that a license is required for
deding in or buying dligator skins. Statute 372-6645 provides that the retail sale of alligators
requires a permit and that the sale of suffed baby aligator is prohibited. Statute 39-25-07 regulates
the operation of dligator farms and the harvest and sale of aligators from such farms. It aso
regulates the sale of dligator meat. Statute 39-25-03 controls the taking and disposal of nuisance
dligators. This may be done only by a designated agent trapper of the Florida Game and Fresh
Water Commission. The quaifications and selection of the trappers and the rules governing these
operations are laid down in regulation. Finally, Florida legidation provides that aligators lawfully
obtained outside the state may only be imported into Florida under permit. The taking, possession,
buying or sdling of any dligator, crocodile, black caiman or their nests or eggs or any parts thereof
requires a permit and is subject to regulation.
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Caiman crocodilus
C.c.crocodilusand C. c.fuscus
These are fully protected in:

Codta Rica : Decreto 15273A of 1984
Panama . Resolution 2-80,1980.

The species dso benefits from protection in those countries where overall or commercia
hunting bans are in force (Brazil, Ecuador, Mexico and Peru).

1Q other jurisdictions it is listed as a game species which may be hunted under license and
according to certain Size restrictions.

Colombia : Resolucion por lacual se reglamenta la caxa de la babillaen
todo € territorio nacional, 1973.

Guyana . Fisheries Regulations of 1966.
Trinidad & Tobago : Conservation of Wildlife Act, 1958.

. Reglamento sobre la caza de largartos, 1955 (which aso
Guatemala provides for closed seasons).

_ . By Administrative Decision of IRENA, the Wildlife Agency,

Nicaragua minimum size four feet in length.

. Resolucion por la cua tengase como oficid la lista de
Venezuela animaes de caxa que en ella se indica, 1970. In addition,

Resolucion No. 445 of 1982 established an experimenta
programme for the management of the species in certain
regions.

Bdize . Wildlife Protection Act, 1981.

No protective legidation exists in Suriname and French Guyana, findly no information is
available from El Salvador or Honduras.

C. crocodilusapaporiensisisfully protectedin:

Colombia . Resolucion por lacud se reglamenta la caza de la babilla en
todo € territorio national, 1973.

C. crocodilusyacareisfully protected in:

Boalivia . Decreto Supremo 16606 of 1979.
Paraguay . General hunting ban.

In Argentina this subspecies is protected by federal law. This law, however, only applies to
inter-provincia and international commerce (Act No. 22421 of 1981 and implementing
regulations, in particular, Decreto No. 691/81 of 1981 and Resolucion No. 144 of 1983). In
Argentina, the right to regulate taking is congtitutionally vested in the provinces that may, if they so
wish, adhere to the Federal law. To date none of the provinces in the range of this species have
chosento do so. Thus, in Argentina, the protection of C. c.yacare remains governed by provincia
legidation for which no information is presently available to IUCN.

In Brazil the species aso receives protection under the commercia hunting ban noted above.
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Caiman latirostris

This species is fully protected in:

Balivia . Decreto Supremo No. 16605 of 20.6.1979.

Brazil : Portaria of 13.5.1973 ligting protected endangered species.
Paraguay :Under the overal bunting ban.

Uruguay : Under annual hunting orders since 1958.

In Argentinathe situation is the same as for C. crocodilusyacare.
Melanosuchus niger

This species is fully protected in:

Balivia . Decreto Supremo No. 16606 of 1979.

Colombia . Resolution por la cua se establece la vede para la caxa de
algunas especies de caimanes, 1969.

French Guyana . Arrete fixant pour le Departement de la Guyane la liste des

especes animates protegees 1975.

It is protected from commercia hunting in Ecuador and Brazil and is fully protected in the
Sdva region of Peru. It may be taken under license in Guyana pursuant to the Fisheries
Regulations of 1966.

Pal eosuchus pal pebr osusand Pal eosuchus trigonatus

These species are fully protected in:

Bolivia . Decreto Supremo 16606 of 1979.

Colombia . Resolucion por la cua se vede la cazay € comercio de los
productos de dos especies de la fauna silvestre, 1970.

Suriname : Game Resolution, 1970.

Venezuela : Resolucion no. 95,1979.

It also benefits from protection in Brazil and Ecuador under commercia hunting bans and in
Peru in the Sdva region. They may be taken under license in Guyana pursuant to the Fisheries
Regulation of 1966 and are unprotected in French Guyana.

Crocodylusacutiis

The species has full protection in:

Belize : Wildlife Protection Act, 1981.

Colombia : Resolucion por la cua se establece la veda para la caza de
algunaos especies de caimanes, 1969.

Cosgta Rica :  Decreto 15273A of 1984.

Dominican Republic . Decreto de Veda, 1978.

Jamaica . The Wildlife Protection Act, 1945.

Nicaragua :Acuerdo No. 2,1983 (IRENA).

Panama . Resolucion 2-80,1980.
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USA : Endangered Species Act, 1973.
USA-Florida . Florida Wildliife Code, Chapter 39-27
Venezuela : Resolucion por la cud tengase como officd la lisga de

animales de caza que en dla seindica, 1970.

In addition, C. acutus enjoys protective status in Mexico since commercia hunting is
prohibited by the overall commerciad hunting ban and it is exempt from sport hunting under
current annua hunting regulations. In Peru the species was listed as a protected endangered
species by Ministerial Resolution in 1977 and benefits from the hunting ban in the La Sdva region.
C. acutus remains listed as a game species in Guatemala, athough a closed season has been
declared. It is probably unprotected in El Salvador, Haiti, Honduras and Cuba, from where no
recent information has been made available to IUCN.

Crocodylusintermedius

This species is fully protected in the two countries where it naturally occurs:

Colombia : Resolution por la cua se establece |la veda para la caza de
algunas especies de caimanes, 1969.
Venezuela . Resolucion No. 95,1979.
Crocodylus moretii

This speciesis fully protected in:

Bdize Wildlife Protection Act, 1981.
Guatemala Ley General de Caxa, 1970.

In Mexico, it is dso protected pursuant to the general commercia hunting ban and under

annua hunting regulations for sport hunting. The species is considered to be unprotected in
Honduras.

Crocodylus rhombifer

No information is available from its only range state, Cuba.

3) Asaand the Pacific
For this region it is more convenient to provide a species by species anayses of relevant lega
provisions.
Alligator sinensis
This species is fully protected in:
China . Order Strictly Protecting Certain Wild Animals, 1983.

Crocodylus johnsoni

The species is protected in dl three Australian jurisdictions where it occurs.
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Northern Territory : Under the Wildife Conservation Ordinance, 1962,
superseded by the Territory, Paks and Wildlife
Conservation Ordinance, 1976.

Queendand : Fauna Order in Council, 1974.

Western Australia : Under the Fauna Conservation Act, 1950.

Crocodylus novaeguineae mindorensis

No information is available from the only country in its range, the Philippines and the sub-
species is presumably unprotected.

Crocodylus novaeguineae novaeguineae
This sub-species is protected in Indonesia under the Fauna Regulations of 1978 (1978/327).
However, it may be taken under license in Papua New Guinea under the Crocodile Trade
(Protection) Act, 1974.
Crocodylus palustris

This speciesis protected in:

Bangladesh : Wildlife Preservation Act, 1973.

India : Wildlife Protection Act, 1972.

Iran : As noted in a survey of game laws and regulations in Iran
published by the Department of the Environment - undated.

Nepal : Nationa Parks and Wildlife Protection Rules, 1974. Taking

of some species authorized under license. It may be,
however, that the species has been given full protection since

that date.
Pakistan : Hunting comes under State jurisdiction. All States and the
Idamabad Capital Territory give full protection to the
Species.
- |slamabad :  Wildiife Protection, Preservation, Conservation and
Management Ordinance, 1979.
- Bauchistan . Wildlife Protection Act, 1974.
- Azad Jammu and
Kashmir : Azad Jammu and Kashmir Protection Act, 1975.
- North-West Frontier
Province : Wildlife (Protection, Preservation and Management) Act,
1975.
- Punjab . Punjab Wildlife (Protection, Preservation, Conservation and
Management) Act 1974.
- Snd : Sind Wildlife Protection Ordinance, 1972.
Sri Lanka : Faunaand Flora Protection Ordinance, 1938. (But it may be
hunted under a specia license).
Crocodylus porosus

This speciesis protected in:

Austraia
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- Northern Territory . Protected since 1971 under the Wildlife Conservation and
Control Ordinance 1962-1974, replaced in 1976 by the
Territory Parks and Wildlife Conservation Ordinance.

- Queendand . Protected since 1974 under the Fauna Conservation
Regulations, 1974 and the Fauna Order in Council of
290.8.1974. The degree of protection was dightly relaxed
recently as a result of an 1984 amendment to the Fauna
Conservation Act, 1974. Pursuant to this amendment, a
person is no longer guilty of an offence when he kills an
estuarine crocodile in the bdief, on reasonable grounds, that
the animal has caused, is causing, or is likey to cause injury
to a person.

- Western Australia . Protected under the Fauna Conservation Act, 1950, although
initially listed as unprotected. The species became protected
by noticein 1970.

Bangladesh . Wildlife Protection Act, 1973.

India . Wildlife Protection Act, 1972.

Indonesia :  FaunaRegulations, 1980 (1980/716).

Pakistan . Protected in Bauchistan under the Bauchistan Wildlife
Protection Act, 1974.

Sri Lanka :  Fauna and Flora Protection Ordinance, 131938. Single
specimens may, however, be taken by holders of specia
licenses.

The species may be taken under license in Maaysia (Protection of Wildlife Act, 1972), Papua
New Guinea and the Solomon Idands.

It appears to be unprotected in Brunei, the Philippines, Thailand, Vanuatu and Vietnam,
where no information has been made available. In Burma the species is unprotected but the
issuance of hunting licenses for al species of game has been officidly suspended since 1958.

Crocodylussiamensis

The species is protected in Indonesia under the Fauna Regulations of 1978 (1978/327). It is
unprotected in Thailand and no information is available for Democratic Kampuchea, Laos and
Vietnam.

Tomistoma schlegeli

The speciesis protected in:

Indonesia . Fauna Regulation of 1978.
Thailand :  Ministerial Regulation of 1982.

It is liged as game species in West Malaysia (Protection of Wildlife Act, 1972) and is
apparently unprotected in Sarawak and Brunei. No information is available for Sabah.

Gavialisgangeticus

This species is protected in Bangladesh under the Wildlife Preservation Act, 1973, in India,
Wildlife Protection Act, 1972, and Pakistan in all the provinces where it could occur, Azad Jammu
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and Kashmir, Baluchistan, Punjab and Sind. (The relevant texts are the same as for C. palustris).
Most probably protected in Nepal but no recent information available.

1) TRADE

A) Background

As noted above, it has become evident in the past several years that trade controls are needed
to supplement restrictions on taking to help conserve crocodilian species. However, even the best
legidation controlling trade is difficult to enforce when the commercial value of wildlife products is
high. To prevent poaching, the most effective procedure has proven to be the control of possession
and trade in protected species and their parts and derivatives.

The great mgority, if not al, lega texts protecting crocodiles prohibit or otherwise regulate
the sale and export of hides. Where commercia hunting has been banned, domestic trade and
exports are also prohibited. Brazil, Costa Rica, Ecuador, Mexico, Nicaragua, Paraguay, Uruguay,
al prohibit such trade and exports (one exception, Nicaragua, alows limited domestic trade in C.
crocodilus products). Other examples can be seen with India and Pakistan which have prohibited
amost entirely commercial exports of wildlife and wildlife products, including crocodilians. These
prohibitions are often relatively recent having been made necessary by the continued deterioration
of the conservation status of the species concerned.

An evolution in lega protection can be seen in the Indian example. The Exports (Control)
Order, 1962, alowed the export of crocodile hides on an ad hoc basis within limited celings. This
was followed by the Export Trade (Control) Order, 1968 which banned, inter dia, the export of
crocodile skins but alowed the export of live crocodiles. Findly the Export Trade (Control) Order
1979 has prohibited the export of al wildlife and wildlife products with extremely limited exceptions.

Enforcement is, in principle, easier when al trade and exports are prohibited than when some
limited trade remains authorized. In the latter case thereis a need to ensure that hides entering
trade were abtained from legaly taken specimens. This usualy requires fairly sophisticated
enforcement techniques.

Trade restrictions are becoming more common in legidation and may concern the minimum,
or maximum, size of specimens that are alowed to enter trade. Undersized or oversized skins may
then be seized and confiscated at dl stages of the trading operation including possession, transport,
tanning, sale and export.

Another system, called the "register”, is broadly used in Africa. Holders of game licenses or
commercia hunting permits must maintain a register on which the characteristics of the animals that
have been taken must be recorded, e.g. size, aswell as the date and place of the taking. A certificate
of lawful possession is delivered to the licensee upon presentation of his register for each specimen
s0 recorded. The certificate must accompany the specimen through every transaction up to the stage
of fina processing or export. Export permits may only be delivered to holders of such certificates.
The possession of specimens without a certificate establishes a presumption of unlawful possession,
prosecution and confiscation may, therefore, follow.

The most sophisticated trade control system is the tagging system. Perhaps it is because it is
so sophisticated that it has been little used to date. An example may be seen in the Centra
African Republic under the Ordonnance reglementant la chasse aux crocodiles et la collecte des
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peaLix de crocodiles, 1969, pursuant to which crocodile hides cannot be transported or exported
without atag.

But the mogt interesting and effective example is that of the United States with regard to
trade in hides of the American aligator (A. mississippiensis; 50 CFR 17.42).

In those U.S. states where the taking of aligators is authorized under federal law, hides must
be tagged by the State where the taking has occurred with a non-corrodible, serialy numbered tag.
The tag number, length of skin and date and place of taking are recorded by the State. Tags
cannot be removed without destroying the tag and damaging the hide. In addition, al persons
engaged in transactions in crocodile skins must hold federal permits, this appliesto sellers, buyers,
tanners, processors and exporters. This system ensures that only legdly taken specimens enter
trade. It seems to have worked well and will be used as a model by CITES which will soon control
trade in hides of C. niloticus and C.porosus under a quota system.

The control of the export of protected species and their products albeit essentid is, however,
insufficient to curb illegd traffic as long as controls are not applied by importing countries.
Indeed, it has proven to be the case that unlawfully obtained hides could be easily smuggled out of
countries of origin and may then be imported lawfully into countries of destination.

The problem was recognized firgt in international law in 1968 by the African Convention
which made it mandatory for Parties to exercise import controls on endangered wildlife. This was,
however, limited to Africa and could not involve the major importing countries. There remained,
therefore, the need for importing countries to develop lega and institutional mechanisms to
control the lawfulness of the export of the goods they were importing.

This extremely innovative approach in international law was spear-headed by the United States
through its Lacey Act which was originally adopted early inthis century. Under that Act, itisillega
to import into the United States specimens taken or exported in violation of the legidation of their
country of origin. The Act initidly only applied to mammals and birds. It was extended to cover,
inter dia, reptilesin 1969. In addition, the US Federal Endangered Species Act of 1973 provides for
the listing of endangered species, both domestic and foreign, the import or export of which is totally
prohibited.

It was felt, however, that a comprehensive control of world trade in wildlife could not be
achieved without an international convention.

B) International Cooperation Through CITES

1) Background to CITES

As early as in 1963, the need for a globa treaty to control international trade in endangered
species had been recognized. That year at the [UCN General Assembly in Nairobi a resolution was
adopted cdling for the conclusion of "an international convention on the regulation of export, transit
and import of rare or threatened wildlife species or their skins and trophies’ (Resolution no. 5, 8th
IUCN General Assembly, Nairobi, September, 1963).

Almost ten years later, on March 3, 1973, the text of the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (CITES) was officidly adopted at a diplomatic
conference in Washington. By December 1985 there were some 91 Contracting Parties to the
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Convention from dl regions of the World. The objective of the Convention is the protection,
through international cooperation, of certain species of flora and fauna against over-exploitation
through internationa trade.

The Convention contains no restrictions as to the taxonomic groups which can be made
subject to its rules. Any animal species, whether vertebrate of invertebrate and any plant species
may, therefore, be listed provided it meets the necessary criteria. The species, or higher taxa, to
which the Convention applies are listed in three appendices. Ligting criteria and trade controls
vary from one appendix to the other. All crocodilian species have been made subject to the terms
of the Convention.

The most important provisons of the Convention are those which institute strict trade
controls for listed species. The system is based on cooperation between exporting and importing
countries as a means to ensure, through strict controls exercised by importing countries, that
specimens from exporting countries have not been illegdly exported. For that purpose the
Convention provides for the designation by each Party of a Management Authority to issue export
or import permits and of a Scientific Authority to advise the Management Authority on the
scientific soundness of proposed exports and imports.

CITES dso governs relations between parties and non-party states since the convention
requires that import permits be issued for the import of Appendix | species from non-parties and
that no imports of specimens from non-parties be accepted by parties if they are not accompanied
by documents equivalent to CITES export permits.

Appendix | to the Convention lists species threatened with extinction which are or may be
affected by trade. No export of specimens of such species may take place until an export permit
has been granted by the relevant authority of the State of export. No such permit may be issued
unless:

- A Sdentific Authority of the state of export has advised that such export will not be
detrimental to the surviva of that species,

- A Management Authority of the state of exports is sttisfied that the specimen was not
obtained in contravention of the laws of that state, and

- An import permit has been granted for the specimen by the relevant authority of the
state of import.

In addition, no import of specimens of Appendix | species may take place until an import
permit has been granted, and no such permit may be issued unless:

- A Sdentific Authority of the state of import has advised that the import will be for
purposes which are not detrimental to the surviva of the species concerned, and

- A Management Authority of the state of import is satisfied that the specimen is not to
be used primarily for commercial purposes (Articles 1.1 and 111 of the Convention).

A genera exception is provided for specimens of Appendix | species that have been bred in
captivity for commercial purposes. Such specimens are, for the purpose of the convention, deemed
to be specimens of species included in Appendix Il and the provision regulating trade in such
specimens described below are therefore applicable to them (Art. VI1.4). The Conference of the
Parties to the Convention has interpreted the expression "bred in captivity” in a restrictive sense.
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Specimens bred in captivity must be borne from parents already in a controlled environment at the
time when their offspring were conceived. (Res. Conf. 2.12, 2nd Meeting of the Conference of the
Parties, San Jose, Costa Rica, March 1979). Thus specimens borne from eggs collected from the
wild could not qudify as "bred in captivity".

As aresult of these requirements, no commercia imports or exports of Appendix | specimens
may be authorized by the Parties. As to specimens which may still be traded (e.g. for scientific or
education purposes) a system of international cooperation has now been established as importing
states can no longer accept specimens without export permits from their country of origin and
exporting states cannot issue export permits if an import permit has not been granted beforehand
by the importing state.

Appendix |1l to the Convention lists species "which although not necessarily now threatened
with extinction may become so unless trade in specimens of such species is subject to strict
regulation in order to avoid utilization incompatible with their surviva" (Article 11.2(a)). It may
aso lig species which, because of their smilarity of appearance with listed species, need to be
brought under effective control. This provison is designed to prevent illegal trade in specimens of
listed species under the name of unlisted species which they may superficialy resemble (Article
11.2(b)).

The export of specimens of Appendix Il species requires the prior issuance of an export
permit. Export permits may only be granted if a Scientific Authority of the state of export has
advised that such export will not be detrimental to the survivd of the species and if a Management
Authority of that state is satisfied that the specimen was not unlawfully obtained. (Art. 1V.2). In
addition, the import of aAppendix Il specimen requires the prior presentation of an export permit
(Art. 1V.4).

The main function of Appendix Il is, therefore, to ensure that only lawfully obtained
specimens are exported and subsequently imported. Here again, because of the requirement for
importing countries not to import specimens that are not accompanied by an export permit, the
obligations of the parties concerned are mutualy reinforcing.

Appendix Il liging has, in addition, another important function: Article 1V.3 of the
Convention requires exporting parties to monitor export permits and actual exports of Appendix |1
specimens. Whenever, as a result of such monitoring, a Scientific Authority determines that the
export of specimens of a species should be limited in order to maintain that species at a leve
congistent with its role in the ecosystems in which it occurs and well above the level at which that
species might become digible for inclusion in Appendix I, the Scientific Authority must advise the
appropriate Management Authority of suitable measures to be taken to limit the grant of export
permits for specimens of that species.

Finaly, Appendix 111 lists species not included in the other two appendices, which have been
listed by individua parties to ensure that no specimens of these species will be imported by other
parties if they are not accompanied with vaid export permits from their countries of origin.

Appendices | and Il may be amended at biannual meetings of the Conference of the Parties,
or between meetings by postal vote, by a two-thirds mgority of Parties present and voting.
Amendments to these appendices enter into force 90 days after the date of their adoption.
Amendments to Appendix 111 are made unilateraly by the Party concerned by smple notification
to the Secretariat. When the amendment to Appendices | and |1 comes into force it takes effect for
al Parties including those who may have voted against it except for those Parties that have entered
areservation within 90 days of the adoption date. Reservations may only be made at the time of
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adhesion to the Convention or at the time when a new species is listed on an Appendix to the
Convention. Parties that have made reservations in respect of the listing of a species are deemed
to be non-parties in relation to trade in the species concerned. Reservations may be withdrawn at
the discretion of the Parties that have entered them. Once a reservation had been withdrawn it
cannot be reinstated.

The Conference of the Parties also makes recommendations for improving the effectiveness
of the Convention. Recommendations of the Conference, although not binding in law have played
a very important role in the implementation of the Convention as they are generaly readily put
into effect in the Parties. Recommendations have so far addressed a wide range of subjects from
an agreed interpretation of certain provisions of the Convention such as the term "breeding in
captivity" noted above to the development of criteria, including "ranching” criteria, to the use of
standardized CITES permit forms. They provide a means to give guidance to Parties on many
aspects of the implementation of the Convention, to fill gaps in the Convention and to develop
gradually a common Convention implementation policy.

Mention should aso be made of the Convention Secretariat which plays an essentia role as a
watchdog for infractions and as a link between Parties. The Secretariat, inter aia, services
meetings, prepares reports, sends notifications to Parties on matters relating to the implementation
of the Convention and advises the Conference of the Parties on the listing and ddlisting of species.

Coverage of Crocodilians Under CITES

The following species or sub-species of crocodilians were listed on Appendix | to CITES at
the Washington Conference in 1973:

Alligator mississippiensis
A.sinensis

Caiman crocodilus apaporiensis
C. latirostris

Melanosuchus niger
Crocodylus cataphractus

C. intermedius

C. moreletii

C. niloticus

C. novaeguineae mindorensis
C.palustris
Osteolaemustetraspis
Tomistoma schlegeli
Gavialisgangeticus

All other species or sub-specieswere listed on Appendix || where they appear as "Crocodylia

P

Following the entry into force of the Convention in 1975 the Conference of the Parties
adopted several changesin the list of crocodilians. Two species were uplisted from Appendix Il to
Appendix I: Crocodyl usacutusand Crocodyl uspor osus.

C. acutus was transferred to Appendix | in two stages. First, the population of this speciesin
the United States was moved to that appendix a the second meeting of the Conference of the
Parties (San Jose, Costa Rica, 1979). Subsequently, the third meeting of the Conference (New
Delhi, India 1981) decided to transfer to Appendix | al other populations of the species.
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C. porosus was aso transferred to Appendix | at the second meeting of the Conference of the
Parties. This change affected al populations of the species except the population in Papua New
Guineawhich remained listed on Appendix I1.

Severa species or populations have also been downlisted.

A. mississippiensis was transferred from Appendix | to Appendix Il at the second meeting of
the Conference as aresult of the recovery of this species in the United States.

The Zimbabwe population of C. niloticus was transferred to Appendix Il by the fourth
meeting of the Conference (Gaborone, Botswana, 1983). However, this transfer only applies to
ranched specimens. At the fifth Meeting of the Conference (Buenos Aires, 1985) severa African
States requested the Conference to agree to the transfer to Appendix Il of their populations of
Nile crocodiles. The Conference agreed to these transfer subject to annual export quotas. The
quotas adopted by the Conference are as follows:

Cameroon 20
Congo 1000
Kenya 150
M adagascar 1000
Malawi 500
Mozambique 1000
Sudan 5000
United Rep. of Tanzania 1000
Zambia 2000

To implement this decision atagging system, smilar to the one used in the United States for
A. mississippiensis, has now been developed by the CITES Secretariat. The parties concerned
receive from the Secretariat a number of plastic tags corresponding to their quota. The tags are
marked with the word CITES, the letters NIL to identify the species, a two-letter country code, a
two-digit reference to the year and a seriad number. A tag must be dfixed on each hide entering
trade. Furthermore, importing and exporting countries are requested to mention trade in al
specimens so tagged in their annual reports to the CITES Secretariat. This syslem was scheduled
to become operationa at the end of 1985.

As noted above, C. porosus was transferred from Appendix Il to Appendix | in 1979, except
for the Papua New Guinea population. The fifth meeting of the Conference in 1985 decided to re-
transfer to Appendix Il the Australian and Indonesian populations of the species. The decision
regarding the Australian population was taken on the basis of a ranching scheme which is being
developed in that country. The decision relating to the Indonesia population was made subject to
an export quota of 2,000 hides per year. A tagging system identical to the one applicable to the
Nile crocodile will be used except that specimens will be identified by the letters POR instead of
NIL.

It should also be mentioned that certain of the Contracting Parties have entered forma
reservationsto the listing of crocodiles in the CITES Appendices and hence were able to avoid the
provisons of the Convention for trade in those species. Many of these reservations were
subsequently withdrawn, but some till remain:

- A generd reservation was entered by the United Kingdom on behalf of Hong Kong in
regard to al reptile species. 1t was subsequently withdrawn.
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- C. cataphractus

Zambia and Austria (which announced it would treat the species as an Appendix Il and
not Appendix | species), France and Italy, (both subsequently withdrawn).

- C.niloticus

Botswana, Sudan and Zambia and Zimbabwe, France and Italy, (both subsequently
withdrawn).

- C.porosus

Japan, France, Itady, Fed. Rep. of Germany and Switzerland (al four subsequently
withdrawn).

Austriawhich had indicated that it will treat the species as being on Appendix Il and not
Appendix | to the Convention.

- C.samensis

Thailand.
2) Stricter National Implementation Measures Under CITES

a) International Trade

CITES provides for a detailed permit sysem to control trade in endangered wildlife. In
addition, however, the right for individuad Parties to take stricter national measures is aso
provided for in the Convention (Art. X1V.l). Severa countries with important markets had already
taken stricter measures before the time the Convention entered into force, others have availed
themsealves of this posshility subsequently. The United States as mentioned above have enacted
legidation (Endangered Species Act of 1973) which provides stricter measures for some species.
For example, C. crocodilusyacareis on CITES Appendix Il which alows for controlled commercia
trade. However, it is listed as "endangered" under the US legidation which prohibits trade in
Species so designated.

Another further example can be seen in the law of Australia (The Wildlife Protection
[Regulation of Imports and Exports] Act, 1982). Section 37 of the Act requires import permits for
trade in CITES Appendix Il species, which goes beyond the requirements of the Convention.
Import permits shall not be granted if an export permit had not been issued by a relevant authority
of the country of export. In addition, the specimen in trade must have been taken in accordance
with an approved management program, that is to say a programme approved by the Austraian
relevant Minister. In other words, Australia will refuse imports if it does not approve a
management programme for the species in an exporting country. A management programme is
defined by the Act as meaning a programme for the protection, conservation or management of
animals.

Findly, it is useful to consider the situation for the implementation of CITES within the
European Economic Community (EEC). For the Member States of the EEC the implementation
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of CITES is governed by an EEC Regulation (No. 3626/82 of 1982) which forms an integral part
of their domestic legidation.

The purpose of the regulation is to ensure that al Member States apply the same rules as
regards trade in CITES specimens with third countries. Trade between member states is
unrestricted for CITES Appendix 11 specimens.

The regulation contains a number of measures that are stricter than those provided for by the
Convention.

- There is agenera requirement for import permits for Appendix Il species. Issuance
of the permit prior to the granting of an export permit, as would be the case for
Appendix | specimensis, however, not necessary. Import permits may, for instance, be
issued on the condition that vaid export documents are presented together with the
import permit at the time of import.

- Certain Appendix |l species are treated as Appendix | species. They cannot, as a
result be imported for primarily commercia purposes. No crocodilians belong to this

category.

- Certain other Appendix Il species, including al Appendix Il crocodilians are made
subject to stricter controls. The issuance of import permits is in this case subject to
conditions which may go beyond the provisons of the Convention. This enables
management authorities in the community to take due account of the actua
conservation status of the species or population concerned and, for instance, to decline
to grant an import permit for Appendix Il specimens from an endangered or depleted
species or population.

b) Domestic Trade in CITES Specimens

CITES only deas with the control of imports and exports. It is clear, however, that a
prohibition of domestic trade in Appendix | specimens, since they cannot be imported for primarily
commercid purposes may considerably strengthen the enforcement of the Convention.

Yet there are 4ill few examples of legidation which specificdly apply domestic trade
prohibitions to CITES specimens. Once again an example can be seen in the US Endangered
Species Act which prohibits the sale, offer for sale, or transport in view of a commercia activity of
endangered wildlife. But athough the US Endangered Species lis contains many of the species
listed under Appendix | to CITES, the two lists far from coincide.

The only legidation known to completely prohibit domestic trade in CITES Appendix | is the
1982 EEC Regulation. Under Article 6 of this instrument trade in CITES Appendix | specimens,
and in specimens of species which have been given by the Regulation the same status as Appendix
| species, is prohibited throughout the Community. In addition, the same restriction applies to
species listed on the other CITES Appendices when they have been introduced into the
Community in violation of the Regulation.
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IV) HABITAT CONSERVATION

As has been noted in the introduction to this paper, specific habitat protection measures for
crocodiles are rare. Of course, crocodile habitat is preserved incidentally by means of nationa
legidation for the establishment of national parks and other protected areas. At international level
crocodile habitat may be protected through designations for protected areas under Conventions
such as the Convention on Wetlands of International Importance Especialy as Waterfowl Habitat
(Ramaar, 1971), the Convention for the Preservation of the World's Cultural and Natrual Heritage
(Paris, 1972) or under protected areas protocols to the UNEP Regiona Seas Conventions.
However, in dl these cases conservation benefits for crocodilians are incidental rather than direct.

The only regulation known to be particularly focused upon the conservation of crocodile
habitat pertainsto Crocodylus acutusin the United States. Under the US Endangered Species Act
an area of "critical habitat" has been designated for this species (see 50 CFR 17.95). The area is
for the most part included within the Everglades National Park. Pursuant to Section 7 of the Act,
dl Federal Agencies must ensure that action which they authorize, fund or carry out does not
result in the destruction or modification of this critical habitat of the endangered species as
determined by the Secretary of the Interior.

The critical habitat concept represents a major innovation in conservation legidation which
should be promoted for application € sewhere.

V) CONCLUSIONS

There has been an evolution in recent years in the treatment of crocodiles under national and
international law. This overview has shown a steady movement in legidation from indifference or
hodtility to the species to partial protection and then more recently to full protection for crocodiles.

Although there are exceptions, it is rare to findjurisdictions which still consider crocodiles to
be pest species under law or which fail to regulate at dl the taking of crocodiles. In dl regions
where crocodiles occur, stringent protection measures are now the rule, in recognition of the
precarious conservation status of many species and in light of the value of crocodiles as a resource.
The overview has, however, shown that anomalies in legidative provisons dill exis from
jurisdiction to jurisdiction.

Nevertheless, experience has shown that even stringent protection is not enough given the
incentives for poaching and hence the most sgnificant legal development for the conservation of
crocodiles has been the international trade controls implemented by the 1973 Convention on Trade
in Endangered Species (CITES). The success of the CITES system for crocodiles may be seen in
the development of ranching operations for these species. Ranching schemes if properly managed
may be seen to provide for sustainable utilization of a renewable resource in accordance with one
of the main objectives of the World Conservation Strategy. In practice there have been difficulties
with ranching operations, but certainly the concept can be seen to be a step in the right direction
for the long-term conservation of crocodilians and other species.

Findly, it has been noted that little effort has been made to provide in legidation for the
conservation of crocodile habitat. This would appear to be the next area for attention in the
evolution of protection measures for crocodile species as ultimately the survival of crocodiles and
other wild species will depend upon the maintenance through law of their habitat areas.
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In 1950 Federico Medem arrived in Colombia and set about studying the crocodilians of that
country. By the time of his death in 1984 Fred Medem had contributed significantly to studies of al
species of South American crocodilians (Medem 1981a, 1983). However, he will probably be best
remembered for his pioneering work on the genus Paleosuchus. When | started studying
Paleosuchus in 1979 the ground work had been laid and any basic information | could not find in his
publications Fred provided in correspondence. This paper is largely a review of the literature, most
of which was written by Federico Medem. It is unfortunate that Fred could not write it himsdf. |
am aso grateful to Andy Ross who provided much literature not available in Brasil. The work was
financed by the Instituto Naciona de Pesguisas da Amazonia and by grant number 40.5055/83 from
the Brazilian Conselho Naciona de Desenvolvimento Cientifico e Tecnologico to W. E.
Magnusson.

NOMENCLATURE

Biochemica analyses (Densmore 1983) support the status of Paleosuchus as a distinct genus
within the Alligatorinae. The problems associated with Paleosuchus nomenclature are complex and
have been detailed by Mook and Mook (1940). However, since Medem'’s (1958) revision there has
been dmost universal acceptance of the names Paleosuchus trigonatus and P. palpebrosus for the
two South American species of dwarf camans. The only modern point of contention is the
dlocation of Jacaretinga moschifer Spix to synonymy with one of the species of Paleosuchus. The
type specimen of J. moschifer was destroyed during World War 11. However, the description of J.
moschifer is accompanied by a figure of a crocodilian with a snout shape similar to that of P.
trigonatus. Vaillant (1898) considered J. moschifer to be synonymous with P. pal pebrosus based on
the description which specificaly mentions four rows of dorsal scutes between the hind legs.
Medem (1958) considered J. moschifer to be a composite, the description based on P. pal pebrosus
and the figure based on a P. trigonatus, and so synonymized J. moschifer with P. trigonatus. The
synonomy would not be important except that J. moschifer was described from Bahia, an areawhich
has several confirmed reports of P. trigonatus (Magnusson 1987). For zoogeographic reasons |
agree with Vaillant (1898) that J. moschifer is a synonym for P. palpebrosus. Also, Muller (1923), a
specidigt familiar with the species of Paleosuchus, identified and catalogued the type specimen asP.
pal pebrosus.
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Medem (1983) considered Seba s plate 105, Figs. 3 and 4, of the specimen on which Schneider
based his description of P. trigonatus, to represent the species we now cal P.pal pebrosus but did not
suggest that the names of the two species be switched. In the interest of nomenclatural stability it
may be necessary to designate a neotype for Schneider’s Crocodilustrigonatus.

MORPHOLOGY

Species in the genus Paleosuchus are among the smallest of the Crocodilia Medem (19814)
encountered male P. trigonatus up to 136 cm snout-vent length (SVL), however most adult males
arein the size range 75-90 cm SVL. Females reach about 75 cm SVL. Few data are available for P.
palpebrosus but it is generaly considered that they mature a smaller sizes than P. trigonatus.
Medem (19818) records male P. palpebrosus up to 90 cm SVL and females up to 68 cm SVL.
Paleosuchus tend to have short tails, at least in comparison to Caiman crocodilus (Vanzolin and
Gomes 1979).

Distinctive features of the skull are the lack of digtinct supratemporal fossee (smdl fossee are
present in juvenile P. trigonatus), 8 teeth in the premaxilla, and the lack of an interorbital ridge.
Three bones form a plate over the orbit and amost obscure it when the skull is viewed from above.
The shape of the skull of P. trigonatus is that of a generalized crocodilian, but P.palpebrosus has a
high smooth "dog-like" skull (Medem 1958,19814). Some individuals have body characteristics of P.
pal pebrosus but head shape and color of P. trigonatus. Medem (1970,1981a) considered these to be
hybrids. The best feature to ditinguish between skulls of the two species is the relative size of the
external mandibular foramen. In P. trigonatus the maximum width of the foramen (measured
perpendicular to the long axis) is equal to or greater than the distance from the foramen to the
inferior edge of the angular. The width of the externa mandibular foramen is less than the distance
from the foramen to the inferior edge of the angular in P.pal pebrosus.

The skins of both species of Paleosuchus are heavily ossfied, the bony osteoderms of the
venter, dorsum and tail being so closdy juxtaposed that the anima amost appears to be enclosed in
ashell. Algae adhere to the skins of both species in captivity, and in some natural habitats (Medem
1958), giving the animals agreen color. Medem (19818) gives the sizes and meristics of individuals
of each species collected in Colombia.

The eyes of Paleosuchus are arich brown color. Medem (1981a) presents many color plates
of each species. Adult P.palpebrosus have extensive dark pigment on the ventral surfaces and light-
brown heads. Adult P. trigonatus have dark heads and generaly lack pigment on the ventral
surface. The dorsal surface of the head behind the eyesis light ydlow injuveniles of each species
(color photographs in Medem 1981a). Other aspects of coloration are variable and not very
ditinctive (Medem 1958).

The only other crocodilian genus with deep-brown eyes, heavily-armoured skin, heavily
ossfied palpebrals, and small adult size is the African crocodyline Osteolaemus tetraspis. Too little
is known of the life histories of either genus to warrant speculation on the reasons for this
morphological convergence but it may be significant that the distributions of both genera are
centered on areas of tropical rainforest.
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DISTRIBUTION

Pal eosuchus trigonatus occurs throughout the Amazon and Orinoco drainage basins and the
coadtd rivers of the three Guianas. P. palpebrosus occurs over essentialy the same range and
extends south across the Brazilian shield to the Rio Parana and Rio Paraguay drainage basins. It
also occurs in the Rio Sao Francisco drainage basin of the Brazilian states of Bahia and Minas
Gerais. Medem (1983) gives detailed locality records. Two records for P. trigonatus (Aruana and
Bahia) south of the Amazon Basin given by Medem (1983) are probably erroneous (Magnusson
and Yamakoshi 1986). In Venezuela P. trigonatus is largdly restricted to the southern, forested
regions whereas P. palpebrosus occurs extensvely over the northern "llanos' areas of the Rio
Orinoco drainage (Gorzula 1987: Figs. 2 and 3).

Despite being sympatric over large areas, the two species of Paleosuchus are rarely syntopic.
In water bodies in which they are found together one species is usually common and the other rare
(Medem 1967, 1971a). The mgor habitat for P. trigonatus appears to be small forest streams
(Medem 1967, Dixon et al. 1977, Magnusson 1985) and P. palpebrosus rarely occursin that habitat.
In the central Amazon Basin P. palpebrosus is found most commonly in inundation forests around
the mgjor rivers and lakes (Magnusson 1985). On the Brazilian shield, P. palpebrosus occurs in
streams lined by gallery forests that run through savanna (Rebelo and Louzada 1984). Much of the
confuson that surrounds the ecologica distributions of the two species stems from the fact that it is
difficult to work in small rainforest streams and galery forest. Most observations (as distinct from
occurrences) of Paleosuchus are made around large water bodies with easy access by boat.
Individuals, especidly large males and dispersing juveniles, are often found in such situations but to
date there is no evidence that either species normally breeds around large water bodies. Large
rivers and lakes are normdly the major habitats for C. crocodilus, Melanosuchus niger and
Crocodylus intermedius. Medem (1980) suggested that the occurrence of Paleosuchus in some
habitats in Colombia increased after the larger, commercialy more valuable species, had been
eliminated by overhunting.

Much more work needs to be done on the ecological distributions of the species of
Pal eosuchus, especidly P. palpebrosus, but care must be taken to evaluate habitats for the presence
of both sexes, nests and juveniles. Spotlight surveys from a boat as are used for most other species
of crocodilians are probably of little use for evduating populations of Paleosuchus. Gorzula (1987)
suggests that the water bodies in which P. trigonatus occurs are chemicaly distinct from those in
which C. crocodilus occurs, so limnological variables may be useful for distinguishing habitats.

FOOD

As with other crocodilians, Paleosuchus species eat a variety of vertebrate and invertebrate
prey. Medem (1981a) lists the ssomach contents of Paleosuchus taken in a variety of habitats in
Colombia, Vanzolini and Gomes (1979) give stomach contents of P. trigonatus taken in Brazil, and
Ruesta (1981) describes the stomach contents of 3 P. trigonatus from Peru. Large males of both
species occasionaly eat other crocodilians (Medem 19814).

In the central Amazon Basin P. trigonatus eats more terrestrial vertebrates than other
crocodilians of similar size but P. palpebrosus eats smilar foods (mainly invertebrates and fish) to
C. crocodilus and M. niger in the same size range. Mammals and snakes are taken mainly by large
P. trigonatus with fixed home ranges (Magnusson et al. 1987). The diet of P. pal pebrosusin savanna
gdlery forest has not been studied.
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REPRODUCTION

Medem (1981a), Dixon and Soini (1977), Ruesta (1981, 1982-83) and Magnusson et a. (1985)
have described nests of P. trigonatus. Ruesta (1982-83) adso described the embryos. The nests
found by Ruesta and by Dixon and Soini in Peru were located 13 September and 14 August-30
November, respectively. The nest found by Medem in Colombia was located 13 February and had
well developed embryos. Magnusson et al. (1985) found nests in the Manaus area between August
and January. Egg laying apparently occurs a the end of the dry season and hatching at the
beginning of the wet season. In the Manaus area P. trigonatus frequently make their nests beside or
on top of termite mounds which elevate the temperatures of the eggs above that which they would
otherwise attain (Magnusson et a. 1985). Medem (1981a) and Ruesta (1982-83) give egg
dimensions. P. trigonatus has been bred in the Cincinnati Zoo (Jardine 1981).

Medem (1971b) recorded a nest of P. palpebrosus found in gdlery forest in Colombia 1
November 1967, which hatched in December. Another nest found in the same area, but in adightly
more exposed site, had recently laid eggs 8 August 1970. That nest had a temperature of 31°C at
22cm depth. A third nest was located among four smdl trees on an eevated mound of earth
formed by dry canas, 3km from a permanent canal, in August 1978 (Medem 19814). Nest and egg
dimensions of the three nests are given by Medem (1981a). Rebelo and Louzada (1984) found
hatchlings near a nest in June-July in the Reserva Biologica Aguas Emendadas on the Brazilian
Shield but the age of the nest could not be determined. Marc Hero (pers. comm.) encountered
hatchling P. palpebrosus 13.2 cm and 14.2 cm SVL in the Rio Negro in October 1985, indicating
nesting in the early dry season. The limited data coupled with the great climatic and geographica
variation within the range of P. palpebrosus makes generalizations about its nesting season(s)
presently inadvisable.

Medem (1981a) reports in detail the captive reproduction of afemae that he considered to be
ahybrid between P. palpebrosus and P. trigonatus. The femae was mated by a P. pal pebrosus and
laid her eggs 27 September 1977. P. palpebrosus has aso been bred in the Rio Grande Zoo,
Albuquerque (A. Dale Belcher, pers. comm.).

Medem (1971b, 19814) gives incubation periods of 90-92 and 147 days for P. pal pebrosus eggs
incubated artificidly at variable temperatures. Ruesta (1982-83) reported incomplete incubation of
P. trigonatus eggs after 3 months but the eggs had been moved and the find incubation temperature
was not given. Jardine (1981) reported an incubation period of 114-118 days for eggs of P.
trigonatus incubated artificidly at 29-31°C. The datain Figure 1 indicate that the normal incubation
period of P. trigonatus in the Manaus area is in excess of 100 days. This is longer than the
incubation periods reported for al other dligatorines and most other crocodilians (Magnusson
1979).

PARASITES, DISEASES AND PREDATORS

Nothing is known of th effects of parasites, diseases and predators on populations of
Paleosuchus. Magnusson (1985) reports variation in the frequency of parasitism by nematodes and
leeches in different habitats in Amazonia and Medem (1981b) lists internal parasites found in
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Figure 1. Dates of laying (solid circles), hatchling (solid squares), first encountering (open circles),
and periods with incubating eggs (lines), for 13 nests in the Manaus area. The dates of death of
egos in nest #1 are not known and the period of uncertainly is indicated by the broken line.
Rainfal records are means (1910-1975) for the city of Manaus.
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Paleosuchus in Colombia. Medem (1981a, 1981b) reports attacks by tabanid flies on animals
restrained on shore near the banks of rivers during daylight hours.

There are no reports of diseases in wild Paleosuchus and the only confirmed predators of
Paleosuchus are man, anacondas (Eunectes murinus) and other crocodilians (Medem 1983).
However, jaguars (Panthera onca) regularly eat C. crocodilus (Medem 1981a) and other reptiles
(Louise Emmons, pers. comm.). There is no reason to bdieve that they do not adso eat
Paleosuchus. The only large P. trigonatus (approx. 65 cm SVL) that | have found dead was eaten by
alarge cat (P. onca or Feltsconcolor). It islikely that the cat killed the P. trigonatus as, apart from
a conspecific, there are no other predators in the areathat are likely to be capable of killing alarge
P. trigonatus closeto water.

Most of the nests of P. trigonatus | studied in 1983 and 1984 were destroyed by predators.
However, | bdieve the high rate of predation may be related to interference with nests while
measuring temperatures. None of the nests studied in 1982, which were al discovered late in
incubation, suffered predation. Ruesta (1981) and Medem (1983) list probable nest predators of
South American crocodilians but, apart from humans, no predators have been caught in the act of
robbing Paleosuchus nests.

BEHAVIOR

Little is known of the behavior of either species of Paleosuchus and they are not good
candidates for behavioral research as they are much more shy in the presence of humans than most
crocodilians. My coworkers and | have caught one female P. trigonatus several times in a shdlow
stream in front of a nest with incubating eggs, and tracks in front of another nest indicate that a
femde was in attendance. We have never been attacked when opening nests but have noted altered
behavior by females associated with hatchlings. Twice femaes have left their refuges and
approached us when we were catching hatchlings near nests and on one occasion a female, which
was accompanied by a hatchling group and that had been noosed around the back legs, chased us
out of the stream. We have not observed aggressive behavior towards humans by Paleosuchus in
any other situation. Medem (19814) describes aggressive behavior by a captive female Paleosuchus
defending a nest and Gorzula (1984) describes having his inflatable boat sunk by a P. trigonatus
which responded to human initiations of hatchling C. crocodilus calls.

All successful nestsin my study areawere opened by a crocodilian and females with hatchling
groups were found in front of four recently opened nests. One nest, constructed in the home range
of an adult male but far from the normal area of activity of any female, was found recently opened
and the hatchling group was accompanied by the adult male. No femae was found in the area
despite intensive searching. A female (64 cm SVL) had been caught at that site the preceding
August but no femae had been seen there before or after so it seems likely that the male opened
the nest and released the young. Eggs in some nests in the Manaus area are encased in hard
termite workings by the end of incubation (Magnusson et al. 1985). Nest opening by an adult is
probably essential for successful hatching of those eggs. More detailed observations will probably
show Paleosuchus to have the same range of nest-guarding, nest-opening and hatching-defense
behaviors found in other crocodilians.

After heavy rain P. trigonatus are often found in rapids or smal waterfdls, stting
perpendicular to the current with their mouths open, the lower jaw submerged and the upper jaw
above water level. | assume that they are foraging, but | have no evidence of what they catch with
this technique.
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SUGGESTIONS FOR FURTHER RESEARCH

Much remains to learn about the ecologies of both species of Paleosuchus. It is obvious that
the habitats of each differ, and that the habitats of both are different from those of other sympatric
crocodilians but just which differences are critical remains conjecture. Reasons for habitat
segregation could include competition, predation, and behaviora and physiological adaptations. To
differentiate the effects of these factors would require large scale experiments, though areas in
which sympatric species have been eiminated by overhunting could serve as unplanned
mani pulations.

P. trigonatus may differ from other crocodilians in its thermal biology because temperaturesin
its main habitat are moderate, relatively invariant, and opportunities to bask are limited. Zoo
animals could serve for the study of the effects of temperature on digestion and metabolic rate.

Field studies will have to focus on populations rather than presence/absence data as has been
the pattern in the past. Presence/absence data have raised some interesting questions but to date
have been of limited use in providing answers. My as yet unpublished studies indicate that P.
trigonatus have smal home ranges (of the order of 500-1000m small stream) and, if the same proves
true for P. palpebrosus, long term studies of population dynamics, reproduction and habitat use
could be done on marked populations, smply and at low cost. Comparative studies of populations
of P. palpebrosus living on the high, cold plains of the Brazilian shield, flooded forests of the
Amazon sysem and the lowland floodplains of the Orinoco sysem would be particularly
interesting. Small implanted transmitters could overcome many of the problems associated with
difficult habitats and the wariness of the species. Basic data on diet are lacking for P. pal pebrosus
over most of its range and most of the data on the diet of P. trigonatus are from a few localities.
Stomach contents could be collected by non-destructive means (Taylor et a. 1978) in parallel with
other studies.

Schmidt commented in 1928(:212) "It is one of the curiosities of zoologica collecting that so
little is known of the habits and distribution of these species (Paleosuchus)’. Sixty years later we
know only a little more of their distributions and we have advanced very little in studies of their
habits. They remain "one of the most interesting problems in South American zoology" (Schmidt
1928:212).
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INTRODUCTION

The main data on growth in the wild of Crocodylus porosus in this chapter come from three
extended experiments within the former Sydney University--Northern Territory Government Joint
Crocodile Research Project. All three have been reported on separately previoudy, but our am in
this review isto look at the data as awhole, and reanalyze it to obtain the most information possible
on aspects of growth of C. porosus. The first experiment involved a capture-recapture study of 254
individuals on the Liverpool-Tomkinson River Sysem (Monograph 7); a multiple regression model
was fitted to this date (Webb et a. 1978) to derive growth curves and to examine variables affecting
growth. Eight animals first captured between 1973 and 1975 were recaptured in 1983; some of them
having been captured two times previoudy. These data aso provided vauable information (Chapter
2 Monograph 18). The second experiment was carried out by Magnusson (1978, and severa papers)
and he studied by capture-recapture techniques the growth of C. porosus up to 133 days, again by
fitting growth curves. The third experiment (Chapter 8, Monograph 1) involved the capture of
hatchlings on the Blyth-Cadell River System (some 30 km to the east of the Liverpool-Tomkinson
System) in 1978 and recaptures in following years.

Throughout this chapter we shall be referring to Monograph 1, which is but one of a series of
19 published by Pergamon Press between 1979 and 1986 (Messel et a. 1979-1986) and reporting
on the lengthy C. porosus studies by Messal and his collaborators. We restrict oursalves to growth
of C. porosus only. In Chapter 2 of Monograph 18, on which the present chapter is based, we
compared these growth rates with those of other crocodilians. In seeking to understand the growth
rates presented in this chapter, we are unfortunately lacking quantitative data on an important
piece of information--the food availability (or, at least, the relative food availability) on the rivers
considered at different times of the year, in different years and on any differences in food
availability on different rivers. The ability of crocodilians to survive in avery low growth situation
may be illustrated with an example given by Deraniyagaa (1939). He quotes the case of two
hatchling C. porosus (hatching total length around 30 cm), one of which was kept in atub and the
other in asmdl natural pond (with access to awild diet). The animal in the tub died after 2 years
at alength of only 35 cm, whereas the one in the pond had attained a length of about a meter after
only 10 months. An example of the effect of feeding on growth may be taken from our own data.
A hatchling captured at SVL 16.4 cm on the downstream Liverpool was recaptured after 3 months
on the Tomkinson. Its SVL had changed by only 0.3 cm and weight by only 5 g, which is essentialy
no growth over the period. This anima had a skewed jaw which presumably interfered
considerably with its ability to catich food items; it was very thin on second capture. Other
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examples of very low growth over 3 months of the dry season were seen on the upstream Blyth (see
Part 1). The differences in growth between Deraniyagalas two animals were probably due to a
number of factors, the availability of a proper diet possibly being a mgor one. However, given that
the animals can survive for so long in an essentialy no growth situation, it is clear that attempts to
interpret variations of growth amongst wild populations are fraught with difficulties, especialy
when so many necessary data are either unavailable or very difficult to obtain. The results in this
Chapter obtained from recaptures over lengthy periods can be suggedtive only, and there is need
for smaller scale experiments to examine particular points.

To avoid constant repetition, al growth rates referred to in this Chapter are snout-vent length
(abbreviated SVL) rates. Units of growth, if not explicitly stated, are cm/day. For conversion
between head length (HL) and snout-vent length (SVL), we have used the same equations as used
by Webb et a. (1978:388). Other conversions (e.g., SVL to total length, TL) may be obtained from
Webb and Messdl (1978) who also gave references to other morphometric work on C.porosus. All
uncertainties quoted are standard deviations (n-1 method). Differences between means are tested
by using the t-test.

PART 1. EMBRYONIC GROWTH AND POST-HATCHING GROWTH UP TO 133 DAYS
1.1 Embryonic Growth

Estimates of growth rates for embryonic C. porosus may be obtained from data given by
Deraniyagaa (1939) for animds in Sri Lanka and by Magnusson and Taylor (1980) for animals in
Arnhem Land, northern Australia. The data are inadequate, but we have tried to look at the
limited available data in a number of ways. The results are not clamed to be any more than
indications of embryonic growth rates. The egg sizes reported by Deraniyagala are consistent with
the egg sizes reported by Webb et a. (1977); for 22 nests they report mean egg lengths ranging
from 7.2 cmto 8.1 cm, and Deraniyagala s nests |, 11, and |11 have mean egg lengths of 7.4 cm, 7.9
cm, and 8.3 cm. The szes of hatchlings are also consistent (see Table 1). In fact, the mean HL of
17 animasin Table LVIII of Deraniyagalais 4.8 £ 0.2 cm, to be compared with 4.6 cm (no error
limit given) as the mean for 5 nests given by Webb et a. (1978). (However, there can apparently
be great variation in egg and hatchling sizes; results from Edward River crocodile farm in north
Queendand, Australia, appear to show that small females yidd small eggs and small hatchlings (G.
Grigg, pers. comm.).

We shal now examine the available data on embryonic growth and derive some estimates for
their growth rates. These can only be indications, however, because the length of incubation can
vay greatly, from some 80 to 120 days. Nests laid late in the dry season develop more dowly
because of the cooler temperatures, and there.are indications from fidd observations that some
late nests may not hatch at all. Detailed studies are required for embryonic growth under different
temperature regimes in the fied.

Deraniyagaa gives the following records for embryos from Nest |1 (days are estimated days
after laying, alowing 97 days for incubation; he suggests, however, that the incubation was by no
means normal).

Days 37 48 60 97
Total length (cm) 81 119 170 294 + 05



112 Messel and Vorlicek

Table 1. Examples of sizes on hatching of C.porosus from Arnhem Land, northern Australia (Liverpool-
Tomkinson Rivers Sysem) and Sri Lanka (Deraniyagaa 1939).

Age
Nest Sample SVL Length Weight Processed

Myedi 1 48 141 + 03 300+ 07 830+ 34 ~ 2 days
Removed from nest
after hatching 4.3.76

Myedi 2 46 136 + 05 296 + 06 745 + 4.1 ~ 2 days
Removed from nest
after hatching 16.2.76

Myedi 3 0 138 + 0.3 209+ 05 696 + 35 ~ 2 days
Removed from nest (49 anmls)
after hatching 18.4.76

Liverpool km 47.5 15 137+ 07 26+ 12 8lL2+57 ~ 2 days
Artificid nest 17.3.76 (14 anmls)

Atlas Creek 26 149 + 0.3 320+ 07 828 + 27 ~ 6 days
Artificia nest hatched
15.2.77

Billabong Morngarrie 11 134+ 05 288 £ 11 592 + 60 ~ 1 day

Creek
Removed from nest
after hatching 13.4.76

Liverpool B22 26 141+ 04 299+ 06 632+ 76 11-13 days
Artificia nest hatched
304.76

Tomkinson B48 8 136 + 03 29.1+ 05 508 + 65 1-10 days
Artificial nest hatched
304.76-105.76

Tomkinson km 68.5 9 144 + 0.3 308 + 0.7 731+ 15 ~ 7 days
Artificial nest hatched
19277

T12 Tomkinson 29 149 + 0.2 317 +05 9R.7+42 ~ 7 days
km 53.9
between 4-9.6.74

T13 Tomkinson 14 140+ 02 299 + 05 874+ 45 ~ 7 days
km 59.7
between 4-9.6.74
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Table 1. cont.

Age
Nest Sample SVL Length Weight Processed
T14 Tomkinson 9 145 £ 0.2 31.0 £ 05 828 + 28 ~ 7 days
km 65.1
between 21-28.6.74
Deraniyagala Nest | 11 - 301+ 10 02+ 61 0
Artificia
Deraniyagala Nest |1 4 n 294 £ 05 788 + 6.3 0
Artificial
Deraniyagala Nest |V 5 146 £ 0.2 304 £ 0.3 794 + 36 0
Artificia
Liverpool 1975 23 135+ 06 283+ 14 64.7 + 4.8 7 days
hatched May 4
Artificial

! The description "artificid nest" means that the eggs were removed from anatural nest and incubated in an
artificiad nest.

This shows a TL growth rate for the 37 days before hatching of 0.34 cm/day, which gives an SVL
rate of 0.17 cm/day (using an approximate conversion factor of 2); Nest 111 gives 0.15 cm/day for
37 days before hatching. Deraniyagala states that his animals were incubated a temperatures
which fluctuated daily between 27 and 30°C.

From Table 1 of Magnusson and Taylor (1980) we may aso obtain some estimates for
embryonic growth rates. They give measurements for two series of embryos taken from two
different nests; the Series | nest was incubated at a mean 2.5°C lower than that of Series |l (285°C
against 31.0°C). For the Series | animals one obtains, from the 514 to 86th day, an SVL growth rate
of 0.15 cm/day and for the Series | animals an SVL growth rate, from the 49th to 86th day, of 0.155
cm/day. To obtain these results we have used a conversion factor of 4.01 between snout-vent and
head length rates, since fitting of the four pairs of snout-vent and head length values in their Table |
to a straight line gives SVL = 4.01 HL - 3.7, with coefficient of determination 0.991. If we regress
the total length against head length for dl the animals in Table LVIII of Deraniyagaa, then we
obtain TL = 837 HL - 10.53 (coefficient of determination 0.97). If we use the conversion factor 0.48
given in Appendix | of Webb and Messel (1978) for converting between the snout-vent length and
total length (for their smallest class of animals; they do not consider embryos), then we obtain a
conversion factor between snout-vent length growth rate and head length growth rate of 4.02.

When comparing Deraniyagad's results with those of Magnusson and Taylor, one must bear
in mind possible variations in incubation period discussed already and differences in temperature.

Magnusson and Taylor give an HL (Series 1) of 3.74 cm at 86 days, whereas Deraniyagda
(using his ages) has animals of 80 days with HL of 4.2 cm. Plotting of Deraniyagala' s head length
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measurements againgt age for Nest |1 gives a good fit to a straight line between 26 and 81 days (8
points, coefficient of determination = 0.99), with an SVL growth rate of 0.20 cm/day (using 4.01
to convert) compared with 0.155 cm/day for the Series |l animals. If the Series | head lengths are
plotted against age, a good fit to a straight line is again obtained between 9 and 86 days (8 points,
coefficient of determination 0.995; the 28 day value is omitted) with an average SVL growth of 0.17
cm/day. Taking the Nest Il and |1l growths over the last 37 days, one obtains from the head
lengths an SVL rate of 0.13 cm/day (somewhat less than that obtained from the total length
change), indicating that there may have been a dow-down in growth near hatching time for these
two nests (though the data are perhaps too limited to draw such a conclusion). If one looks at Nest
| and calculates the average SVL growth over the last 25 days, it is 0.15 cm/day, comparable with
the Nest || and Nest 111 rates over the last 37 days. Thus, an SVL growth rate of between 0.15 and
0.20 cm/day covers the range of results, with the various uncertainties mentioned previoudy, for
the 80 or so days before hatching occurs.

Webb et al. (1983) present some further data on development of C. porosus embryos, giving
equations relating age to snout-vent length and head length (both expressed as ratios of egg length)
for a 30°C incubation. Taking a mean egg length of 8.13 cm as given for their sample, the datain
their Table 1 indicates SVL growth rate of 0.18 cm/day (62- 82 days) using the SVL coefficients
and 0.27 cm/day (36-62 days) using the head length coefficients (and converting as previoudy).

1.2 Hatchling Growth up to 133 Days

Magnusson (1978) carried out a study on hatchling growth up to an age of 133 days by means
of capture-recapture methods. He has presented (Magnusson and Taylor 1981) a mean growth
rate for these animals during the wet season (months) for their first 80 days, obtaining an SVL rate
of 0.09 cm/day. Since each animal in his study was individually marked and some were captured
up to five times, much might be learned by examining the individua growth records. Thiswill aso
allow examination of variations of initial growth between animals from different nests. Nests are
identified in Table 1.

In Table 2 we give the individua growth records for the three animals that were captured four
or more times; al came from the Myedli nest. We also present in recordsA to H, in Table 3, SVL
growth records over different periods for animals from various nests. The identification numbers
of each crocodile are given so that progress of particular crocodiles can be followed. The best
record is for the animals from the Myedli | swamp (records A, F, G). Comparison of the growth
from 0-37 days and from 0-96 days shows little difference in average rate, despite the 0-96 day
period, including 40 days of dry season growth (of course, very early in the dry season; there is no
sharp transition from wet season to dry season conditions). The 0-65 day average is higher than
the shorter and longer period average, asis aso shown for the three individuas in Table 2, dl of
whom show an increased rate of growth from their 37th-65th day. Animal 1403 also shows a
dightly higher rate of growth from its Oth-65th day than from Oth-35th day.

The highest rates of growth (record C) are the 0-53 day growths of animals hatched at the base
and released at km 23.4 on the Tomkinson River. The average growth rateis 0.126 + 0.021, with the
highest rate being that of 1415 a 0.158 cm/day, amost double the rate of the dowest growing animal
in thisgroup. This high growth occurs at the end of the wet season. Record E shows growth rates for
these animals from their 53rd to 82nd day, and the rates for 1404, 1406, and 1407 have dropped

considerably. The growth over this period is al in the dry season.
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The lowest average rates of growth are from a group of animals that were raised at the base
and then released into the Liverpool River a km 47.3. The growth record D is from mid-May to
mid-June and so is an al dry season growth rate. These animals may be compared with those in
record C, whose wet season growth over a corresponding age span is up to four times higher.

Webb et al. (1977) gave results for three nests (T12, T13, T14) on the Tomkinson River, al of
which hatched in June 1974. Theinitia sizes for the surviving hatchlings from these nests are given
in Table 1. (It should be noted that all the standard errors in this reference were calculated
incorrectly and are generally too small.) Mean daly SVL growth rates of the hatchlings from
these nests were 0.06, 0.05 and 0.05 cm/day, respectively, for periods of 69, 63, and 52 days. These
growth rates are al in the dry season (all periods ending mid-August) and may be compared with
records, C, D, and F. The dry season growth rate over the same age interval is again considerably
less than the wet season one. Magnusson and Taylor (1981) also compared the wet season growth
rate of hatchlings with these dry season rates and found that they were significantly higher.

Additional information on early growth may be obtained from data on recaptures of some of
the animals from the Liverpool 1975 nest (see Table 1). Five of these animals were recaught after
spending 18-21 days in the wild and their SVL mean growth rate was 0.086 + 0.021 cm/day (period
of growth from 6th to 26th day). Three other animals recaught after spending from their 6th to
70th day in the fidld showed an average growth rate of 0.058 cm/day. The growth period for these
animals begins in mid-May and so is dl dry season growth. The initial growth rates up to the 26th
day are comparable with the purely wet season early growth rates.

The growth rates of Record C (mean 0.126 cm/day) are not far below those that we have
obtained for embryonic growth rates and perhaps represent an upper limit to the initial growth rate
of C.porosus.

1.3 Blyth-Cadell Hatchling Study

Further information on early growth of C. porosus may be obtained from our capture-
recapture study on the Blyth-Cadedll Rivers System. A large number of hatchlings of various ages
were captured in mid-June 1978 and recaptured in late September 1978. The results (Monograph
1, Chapter 8) show that the mean rate of growth of al hatchlings over the 3-month period (all dry
season) was 0.030 + 0.013 cm/day. Because this sample includes hatchlings of various initial ages,
care should be exercised when comparing this with the most comparable previous results, those for
the Tomkinson T12, T13, and T14 nests of 1974 discussed in the previous section.

Growth rates on the Cadell and Blyth rivers are aimost the same during the dry season.
Malesin September 1978 were bigger than females. There was an indication that male hatchlings
grow dightly faster than female hatchlings during the dry season.

Results on hatchling movement suggest that hatchlings move preferably to certain mid-
sections of the Blyth River, and hence it was important to check whether hatchlings remaining on
particular subsections of the river showed differing BWT gains. If they did, then the movement
might be interpreted in terms of the hatchlings seeking a more adequate food supply. One of the
problems faced in this consideration is that of small sample number. By examining the rates of
new weight to old weight, we found that there were no significant differences between growth on
different sections of the river, over a period of nine months which included the wet season.
However over 3 months of the dry season the brackish midsection of the Blyth showed significantly
higher mean body weight gains than the upstream freshwater sections. The differences are
probably related to food supply.
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Table 2. Capture histories of three hatchlings from the Liverpool-Tomkinson Rivers System. All hatched
from anatural nest on March 4, 1976.

Animal 1360

Age (days) 0 37 65 9%

SVL (cm) 138 165 191 21,0

Rate (cm/day) 0.073 0.093 0.061

Animal 1370

Age 0 19 37 65 % 131
SvVL 141 153 172 205 219 225
Rate 0.063 0.106 0.118 0.045 0.017
Animal 1394

Age 0 35 65 A

SvVL 147 175 20.1 210

Rate 0.080 0.087 0.031

In his thesis Magnusson (1978) fits a curve to records of animals up to 133 days old. He
found that a parabola gave a better fit to the data than a straight line and that the growth curve
also predicted arate of 0.031 cm/day at 120 days (well into the dry season).

The largest growth rate over the 3-month dry season period on the Blyth was for an anima
that went from 19.0 to 24.7 SVL, arate of 0.061 cm/day. Asdescribed in Chapter 8, Monograph 1,
growth on the freshwater section of the Blyth was particularly dow. Severa animas only gained
between 0.4 cm and 0.7 cm in the period, corresponding to growth rates ranging from 0.004 to
0.008 cm/day. Examination of Magnusson’s growth records over dry season periods shows that
animal 1370 grew only 0.6 cm from mid-June to mid-July (0.017 cm/day).

Record D of Table 3 shows a mean dry season growth rate (0.039 cm/day) for young animals
consonant with that found on the Blyth-Cadell System (0.03 cm/day). Animal 1370 shows a mean
rate from its 65th to 131s day of 0.030 cm/day and anima 139a has the same rate from its 65th to
94th day.

To examine further the relationship between growth rate and SVL, the change in SVL over
the 3-month dry season period was regressed against the initiad SVL, for animas (both male and
femae) that remained on the km20-35 section of the Blyth River (we have selected this section to
omit the dow growth freshwater sections). The dope was 0.20 (standard error 0.1), showing a
dight upward trend of growth rate with size, but the coefficient of determination was only 0.08 so
one should treat the result with care. From Magnusson's results for the wet season one might have
expected a clear downward trend in hatchling growth with increasing initidl SVL (and hence
increasing age), though we did note previoudy some evidence for an increase in growth with age
for some of Magnusson's animals up to 60 days. The possible discrepancy here could perhaps be
understandable in the following way. During the wet season food availability is higher than during
the dry and is not a restrictive factor on growth. Under the harsher conditions of the dry season,
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Table 3. SVL growth rates of animals from some of the nestsin Table 1 for various periods measured
in days dfter hatching.

RECORD A  0-(35-37) days RECORD E  53-82 days

Myeeli 1 Nest Liverpool km 47.5 Nest
1360 0.073 Released on Tomkinson
1362 0.071 1404 0.083
1367 0.074 1406 0.072
1370 0.084 1407 0.041
1389 0.083 1413 0.038
1394 0.080 Mean 0.058 + 0.022
1403 0.094 All dry season growth
Mean 0.080 + 0.008
All wet season growth
RECORD B 0-(37-39) days RECORD F  0-96 days

Myeeli 2 nest Myeeli 1 Nest
1316 0.085 1360 0.075
1344 0.095 1364 0.074
1348 0.122 1370 0.081
Mean 0.100 + 0.019 1391 0.083
All wet season growth 1394 0.067

Mean 0.076 + 0.006

RECORD C  0-53 days 40 days are dry season

Liverpool km 47.5 Nest
Released on Tomkinson

1404 0.126

1405 0.125 RECORD G  0-65 days
1406 0.132 Myeeli 1 Nest
1407 0.109 1358 0.080

1410 0.138 1360 0.0815

1414 0.081 1370 0.098

1415 0.158 1394 0.083

1416 0.132 1396 0.102

1418 0.134 1403 0.098

Mean 0.126 + 0.021 Mean 0.090 + 0.010
Almost all wet season growth Almost all wet season growth

RECORD D  13-52 days
Liverpool B22 Nest

1486 0.029 RECORD H  0-82 days

1492 0.047 Liverpool km 47.5 Nest
1506 0.026 Released on Tomkinson
1514 0.028 1404 0.111

1510 0.053 1406 0.111

1517 0.053 1407 0.085

Mean 0.039 + 0.013 Mean 0.102 + 0.015

All dry season growth Almost all wet season growth
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Table 4. Examples of growth on the Liverpool-Tomkinson Rivers Sysem over intervals which are
mainly in the dry season®.

Mean SVL growth

Initial Sze Sex (cm/day) Interval (days)
1H F 0.050 146 (17)
2. 23 M 0.04 152 (51)
3. 34 M 0.0355 124 (30)
4. 34 M 0.0357 255 (145)
5 H F 0.038 124 (30)
6. 23 M 0.028 118 (36)
7. H M 0.054 263 (49)
8 23 M 0.032 174 (41)
9. H M 0.0527 387 (152)
0.0552 270 (116)
0.047 117 (35)

a The number of wet season days in the interva is shown in parentheses.

however, food accessibility may be greater for larger animals In this way animals that are larger at
the start of the dry season may be able to cope better in terms of food sources and so grow faster.
Further, an andysis of weights in June of animals that survived to September and those that did
not showed that the initial weights of survivors was significantly higher.

PART 2 COMPARISON OF GROWTH IN THE WET AND DRY SEASON

2.1 Introduction

In northern Australia the year is divided into digtinct wet and dry seasons (Chapter 3.
Monograph 1). As has dready been stated by severa authors (Magnusson 1978, Chapter 8-
Monograph 1, Webb et a. 1978), there are considerable differences between the growth rates of C.
porosus over the wet season and over the dry season. It is suggested in Section 85.4 of Monograph
1 and by Webb et a. (1978) that increased abundance of food sources is the main reason for higher
growth during the wet season, in contrast with the view of Magnusson (1978) who suggests that
temperature and/or salinity are the mgjor factors involved.

Our purpose here is to review the previous data and present some further data. The
discussion is aso necessary as a prelude to later sections. In Parts 12 and 1.3 we have aready
mentioned the influence of wet and dry season on early growth of hatchlings. Ideally one would
like to have a continuous series of measurements, a say one monthly intervals, for a series of
animals living in the wild over anumber of years. Unfortunately such data would he very difficult,
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if not impossible, to obtain. To work on the rivers during the wet season is very difficult and
recapturing animals over successve months would become increasingly difficult due to increasing
wariness. For these reasons the main data available comprise capture-recapture records over
periods normally involving a mixture of wet and dry season periods.

Another factor to he borne in mind in looking at data which extends over a number of years is
that conditions relevant to growth may well vary from year to year. For example, we may have a
particularly heavy wet season one year and a particularly dry one the following year. The
availability of food could well be different during the two wet seasons and during the following dry
seasons. The 1978-1979 wet season was a particularly dry one and growth rates between mid-1978
and mid-1979 obtained on the Blyth-Cadell Rivers System (Chapter 8, Monograph 1) could be less
than normal on those rivers. Availability of various food species may aso vary over the years and
on different rivers in different ways. With dl these varying factors affecting interpretation of
differences between wet and dry season growth rates of animals in the wild, one must take results
on a particular river at a particular period as a guide only. In the following we have attempted to
obtain estimates of wet and dry season growth rates by careful examination of capture-recapture
records for animals over the period 1973-1980 on the Liverpool-Tomkinson and Blyth- Cadell
Rivers Systems. The approach to wet-dry season growth in Webb et a. (1978) has certain flavs
which are discussed in detail in Section 2.4, page 39, Monograph 18.

2.2 Examples from the Liverpool-Tomkinson System

Examples illustrating dry and wet season growth may be gleaned from the capture-recapture
records on the Liverpool-Tomkinson System. They are presented in Table 4 and we shall discuss
some of these.

The smplest description of growth over an interval (AT, days) involving both wet season
(ATw) and dry season (AT p) periodsisto assume linear growth (at different rates) over the two
periods. Let a (cm/day) and b (om/day) be the growth rates over the wet and dry season
respectively. The changein SVL (ASVL, cm) over AT isgivenby ASVL = aATw +bATp.
Such a model has of course a very atificid sharpness in the boundary between the two seasons.
Following Webb et al. (1978) we take the wet season as extending from December to April (151
days) and the dry from May to November (214 days). Days 1-120 and 334-365 are wet season and
days 121-333 are dry season. The coefficients a and b will also depend on the age of the crocodile.
To illustrate this approach we take the example of animal 9 in Table 4 that was captured three
times on the Liverpool-Tomkinson system over the period of approximately one year. Over a
period of 387 days from mid-dry season (day 180) to mid-dry season (day 202) the growth rate was
00527 cm/day. From day 85 to day 202 the growth rate was 0.047 cm/day. Use of these results
givesa = 0.091 cm/day and b = 0.028 cm/day when substituted into the equation above. Thisis
the only example (besides the animals of Tomkinson nests T12, T13, T14 to be discussed shortly)
we have on the Liverpool-Tomkinson System of an animal caught three times within approximately
ayear and s0 alowing calculation of aand b as above.

If an assumption is made about the magnitude of b then estimates of a may be made. These
estimates can be a rough guide only, especialy when one recalls the artificidity of a sharp boundary
between the wet and dry season and that the growth rate probably varies over the wet season and
over the dry season. However, by assuming various values for b, a range of vaues for a may be
obtained. Consider for example animal 2 from Table 4 and taking b = 0.03, we obtain a = 0.10.
Any lower value for b would give a higher value for aand vice-versa. Taking b = 0.05 gives a = 0.06.
Thisanimal is of 79 cm length initidly, in the middle of its second dry season, and a rate of growth of
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0.10 cm/day over the initia part of the following wet season would be a rate comparable to that of
Magnusson’s under 80 day old animals during the wet season (Part 1).

The group of hatchlings from the Tomkinson nests T12, T13, T14 (see Part 12) gives rates of
growth over approximately 2 months of the dry season and then over the next year (see Part 3.2).
These mean rates are both about 0.06 cm/day. This exampleis out of line with the rest of the data
and the reason for thisis not clear. Possibly there was a higher food supply on the relevant section
of the Tomkinson that year than is usua during the dry season.

2.3 The Blyth-Cadell Study

The Blyth-Cadell capture-recapture study initiated in 1978 (Chapter 8, Monograph 1) was
specificaly designed to throw light on the question of wet and dry season growth rates. Hatchlings
were initially captured in June, then again in September (giving a dry season growth rate) and then
again in the following June. On the Blyth River the overall average dry season rate was 0.030,
from September to the following June it was 0.053, and from June to June 0.048. Calculation of a
wet season growth rate asin Part 2.2 gives a rate of 0.073 if we use the June to June rate and 0.070
if we use the September to June rate. Similar calculations for the Cadell results lead to rates of
0.084 in both cases. In this we have assumed, of course, that the average rate over the dry season
period outside the June to September interval is also 0.030 in both the firgt and second year. Ifiitis
in fact lower (as appears likely) then the mean rate over the wet season will be larger.

It had been planned to obtain a growth rate over the animals second dry season by
recapturing in October 1979, but extraordinary circumstances (Chapter 8, Monograph 1) meant
that only 4 growth records could be obtained for this. The rates over some 4 months of the second
dry season were 0.014, 0.015, 0.005 (maes) and 0.008 (female) (Table 8.5.8, Monograph 1), with
overdl mean 0.010. The sample is so small that it is hard to conclude much but we may perhaps
take the figure of 0.010 as an estimate of dry season growth rate in the second year, on the Blyth-
Caddll Rivers, indicating decreasing growth rate with age (Chapter 8, Monograph 1). Thisfigureis
lower than the 0.03 used in the calculations of wet season rates above. If one uses the 0.010 in the
above calculation for dl dry season days in the second year, one obtains wet season rates of 0.079
on the Blyth and 0.091 on the Cadell. Given that the growth rate probably declines with the
progress of the dry season and with age, we may take the wet season growth rate as being in the
range 0.07 to 0.10, which again is comparable with the initial wet season growth of Magnusson's
hatchlings.

In October 1980,11 animals were recaptured on the Cadell River. These will be discussed in more
detail in Part 4 (Table 11). However, they do throw some further light on differences between wet
and dry season growth rates. Nine of the animals were recaptured in June 1979 and so we may
calculate for them an average growth rate over a 480-day period which includes 151 days of wet
season; dl these animals were at least one year old in June 1979. For the 6 males the average
growth rate was 0.0195 + 0.0042 cm/day (range, 0.012-0.023) and for the 3 females it was 0.0137 +
0.0021 om/day (0.012-0.016). For the males, if we dlow no growth at al over the dry season
component of the 480-day interval, we obtain a wet season growth rate of 0.064 cm/day. If we take
the figure of 0.010 cm/day that we have just obtained from the June 1979-October 1979 captures,
the wet season growth rate becomes 0.042 cm/day. For the femaes, the same calculations give
rates of 0.045 and 0.023 cm/day. The sample size is of course small but the results appear to
indicate, especidly if we alow a second and third dry season growth rate of 0.01 cm/day, that the
growth rate for both males and femaes over their second complete wet season is considerably less
than over their first complete wet season. Further discussion of wet and dry season growth rates
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Table 5. Sizes of male and female crocodiles at various ages as predicted by equations (5) and (6) of

Webb et al. 1978

Annual rate
Ages (years) HL (cm) SVL(cm) TL (cm) Infest (SVL; cm/day)
MALE 0 4.6 132 280 11"
05 80 253 529 19 0.062
10 10 36.0 75.0 26"
15 137 453 9.1 31" 0.048
20 160 536 1111 38"
25 181 60.9 126.1 42 0.038
30 199 67.3 1392 a7
35 215 729 150.7 411" 0.029
4.0 229 77.8 160.7 53
FEMALE 0 4.6 132 280 11"
05 7.8 246 515 1 0.058
10 106 345 719 24"
15 130 431 90.0 2'11" 0.044
20 152 50.5 1049 35
25 170 57.0 1180 310 0.033
30 186 62.5 1290 43
35 199 67.4 1389 T 0.025
4.0 211 716 147.3 410

! HL denotes head length, SVL denotes snout-vent length and TL denotes total length. The total
length was calculated from the snout-vent length using equations from Appendix 2 of Webb and Messd
1978. The annual growth rates are also shown. For consistency with Webb et al. 1978 we have in this
Table taken 13.2 cm as the SVL on hatching rather than 13.9 cm which was used in Part 3.4. The figure
of 13.2 cm is obtained from HL using the equations on page 388 of Webb et al. 1978, asare dl SVLsin

thisTable.
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Table 6. Mean SVL growth rates of hatchlings for the period from June, 1978 to June, 1979 on the
Blyth Cadell and Blyth-Cadell Rivers. Abstracted from Table 8.5.7, Monograph 1.

Blyth Cadell Blyth-Cadell

Rate n Rate n Rate n

All hatchlings 0.0483 + 0.0065 46 0.0530 + 0.0033 9 0.0484 + 0.0063 61
Males 0.0502 + 0.0046 33 0.0530 + 0.0059 3 0.0495 + 0.0052 41
Females 0.0432 + 0.0079 13 0.0530 + 0.0017 6 0.0461 £ 0.0079 20

Table 7. Possible SVL (cm) of hatchling hatched on February 1 for two different sets of growth rates
(seetext, part 3.4).

Feb.1 Mar.21 Apr.30 Jun9 Jul.19 Aug.28 Oct.7 Nov.16
Day number 32 80 120 160 200 240 280 320

Upper Rate 139 187 227 24.7 26.7 287 30.7 32.7
Lower Rate 139 16.8 192 204 216 228 240 252
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Parts 3 and 4. It isinteresting to speculate what the growth rates of C. porosus in the wild might be
in areas such as Papua New Guinea or Borneo where one does not have such a marked dry-wet
season difference as in northern Australia. In the absence of a harsh dry season, considerably higher
annual growth rates than described here might be expected, especidly for smaller animals.

PART 3 GROWTH OF C.porosus OVER THE FIRST YEAR

In order to dlow comparison of growth rates on different rivers over the first year of life, we
have calculated growth rates for animals that remained on the Liverpool River and those that
remained on the Tomkinson River over their first year. This will also alow comparison with the
rates (Chapter 8. Monograph 1) aready obtained for the Blyth and Caddll rivers. These rates may
also be compared with those given by the growth curve (Table 5) and obtained in a much less
direct fashion (Webb et a. 1978).

3.1 Liverpool Hatchlings

Twenty-three hatchlings (including 12 males and 11 femaes) were captured in the mid-dry
season of 1973 and recaught one year later. The overall mean growth rate for these animals was
0.054 £ 0.006 (range 0.043-0.069). For the males it was 0.056 = 0.006 (range 0.097-0.069), for the
females 0.050 + 0.005 (range 0.043-0.058). Nine hatchlings were similarly recaptured over the 1974-
1975 period. The overdl average for these animals was 0.054 + 0.008 (6 males, 3 femaes). The
mean growth rates over the two periods are identical. The largest growth rate for an animal in the
later period was for a male whose rate was 0.074, the snout-vent length increasing from 20.1 to 46.4
cm. The lowest growth was for afemale, 0.045 cm/day; its snout-vent length changing from 20.5 to
37.3cm. Taking dl 32 animals, the growth rate was 0.054 + 0.007 cm/day (0.056 + 0.007 for males,
0.050 £ 0.005for femaes). Theinterva between recaptures ranged between 340 and 370 days with
most being within the range 350-365 days.

To investigate whether there were any differences in growth rates aong the river (sdinity
gradient), the animas were grouped into various intervals between km 20 and km 60 (non-
freshwater section). The sample is admittedly small, but there was no indication of any differences
in the hatchling mean growth over a year dependent on their position on the brackish section of
theriver. Mogt of the animals were caught within a kilometer or so of their first capture positions
and one may assume that they spent most of the year along the same stretch of river. These results
are congistent with those of Webb et al. (1978), who found position along the brackish sections of
the river to be an unimportant variable. The results are aso consistent with those obtained for the
Blyth River where there appeared to be no difference in growth over the full year between the
brackish and freshwater sections (though there was over the three months of dry season growth).
Magnusson (1978) and Magnusson and Taylor (1981) also found no dependence of growth on
sdinity in a somewhat limited sdinity regime.

3.2 Tomkinson Hatchlings

In Part 1.2 we referred to the initial growth rates of animals from the three nests T12. T13,
T14 on the Tomkinson in June 1974. Twenty-two of these animals were recaught in July 1975, and
their average growth rate over a period of some 340 days from mid-August of 1974 was 0.060 +
0.005. Thisrate is about the same as their initial growth rate over some two months in the 1974
dry season, and does not show the usua decline from the initia growth rate that was observed with
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animals that spent their initial growth period in the wet season. Of this sample, 12 were maes
(0.061 £ 0.005; range 0.054-0.074) and 10 were females (0.0585 + 0.0040; range 0.052-0.063), and
there thus was no sgnificant difference in the mae-female growth rates, though the femde rate
was, as usual, lower. The mean interval between captures was some 340 days. Twenty-one other
animals were captured in mid-dry season of 1973 and recaptured some 340 days later in 1974. The
average growth rate was 0.054 + 0.009 cm/day (8 males, 0.063 + 0.0071, range 0.052-0.071; 13
femaes, 0.049 + 0.005; range 0.038- 0.056). The female growth rates of the 1973-1974 season are
lower than those of the 1974-1975 season. This difference isin fact sgnificant at the 0.01% level.
Since the male rates over the same two years are much the same, it is hard to understand this
difference.

The growth rates for hatchlings on the Liverpool-Tomkinson system calculated in this direct
fashion are in good agreement with those predicted by the growth curve (Table 5).

3.3 Growth Over the First Year on Different Rivers

In Chapter 8 of Monograph 1 it was shown that growth over the first year was somewhat higher
on the Cadedll River than on the Blyth River, into which it runs about 20 km from the mouth of the
Blyth. The sample on the Cadell was only smal however. The Liverpool-Tomkinson Rivers Sysem
lies some 30 km to the west of the Blyth-Caddll Rivers System and the Tomkinson runs into the
Liverpool about 20 km from its mouth (Monograph 15). By the end of the dry season the Cadell is
dightly brackish a the upstream limit of navigation by survey boat, whereas the Blyth is fresh;
likewise the Tomkinson is dightly brackish, whereas the Liverpool is fresh at the upstream level (see
Monographs 1 and 7 for full details on the salinity regimes of these rivers). The two river systems
are thus somewhat similar, the Blyth corresponding to the Liverpool and the Cadell to the
Tomkinson. Now that we have obtained separate growth rates for the Liverpool and Tomkinson we
can make some comparisons of growth rates.

Because most of the intervals for the Tomkinson recaptures are about 340 days compared with
350-360 days for the Liverpool and Blyth-Cadell recaptures, there is a dight upward bias (due to a
higher percentage of wet season) in the Tomkinson rates. This may be corrected by using the two-
rate model discussed in Part 2. Taking adry season growth rate of 0.030 cm/day, one finds that the
Tomkinson rates for 360 days are some 2% lower than the rates over the 340 days given in Part 3.2,
It is these corrected rates for the Tomkinson which we use in our comparisons.

Because of the small sample size for the growth over the first year on the Cadell, we shal not
include the Cadell in the comparisons here; as we have dready said, the rates of growth on the
Cadell were higher than on the Blyth. The mean yearly rates on the Blyth were 0.050 + 0.005 (n =
33) for males and 0.043 £ 0.008 (n = 13) for femades (Table 85.7, Monograph 1). The various
rates are collected in Table 6.

The male growth rates on the Liverpool and Tomkinson rivers are not sgnificantly different.
The female rates are sgnificantly different (at 0.1% leve) if we use the 1973-1974 results for the
Tomkinson but are not different if we use the 1974-1975 results for the Tomkinson.

Comparisons of the male rates on the Tomkinson with those on the Blyth give results that are
highly significant (at 0.0001% level). Comparison of the rates for femaes on the Blyth and
Tomkinson shows that the 1974-1975 rates are highly significantly different (at the 0.01% leve), but
the 1973-1974 rates are not.
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Comparisons of male rates on the Liverpool with those on the Blyth show the difference to be
sgnificant at the 0.1% level. The female rates also differ significantly at the 1% level.

The results clearly indicate higher growth in the firs year on the Liverpool and Tomkinson
riversthan on the Blyth. In fact, the largest growth rate on the Blyth was 0.060 c/day, for amale,
which is about the mean male growth rate on the Tomkinson (the rates on the Liverpool-
Tomkinson system are also mostly higher than on the Cadell, though the numbers in the Cadell
sample are only small). There is dso a strong indication that males grow better on the Tomkinson
than on the Liverpool; for females the picture is complicated by the disparity between the 1973-
1974 and 1974-1975 growth rates.

3.4 Range of Sizes Amongst Hatchling Captures and Ambiguities

Besides the capture-recapture records, we also have available many hundreds of single
captures and much may be learned from the size structure of the population a a given time of
year. In this section we shall use dl available information to consider the range of size that a
hatchling may assume during its firg dry season. Because of the possbility of errors in
measurement, we only take examples of size and growth that are paralleled by at least one other
animal. These sizes may then be correlated with the growth rates we have been considering and
the possible times of hatching.

Nesting of C. porosus in northern Australia (Webb et al. 1977; Magnusson 1978) is stated to
take place between November and May, during the wet season. Incubation periods vary between
80 and 100 days. Normally, though during the dry season hatching can take much longer (or as
mentioned in Part 1, it may not even occur at al) because the temperature is lower. If a nest is
laid on the earliest possible date, say 1 November, then the eggs could be expected to hatch around
1 February. If laid a the end of May they would probably hatch no sooner than 1 September. R.
Jenkins (pers. comm.) has found ariverside nest in the Alligator River region which was laid down
in August. This is exceptiondly early (or late) and we will use the November date in our
discussions. It is unknown whether any eggs from such an August nest would hatch.

We firg consider animals hatching early in the year. Anima 1406 (record H, Table 3)
hatched on 19 March with an SVL of 14.5 cm and by June 9 had an SVL of 23.6 cm. If we assume
that an animal with comparably high growth rate had hatched on 1 February with an SVL of 139
cm, we may make some calculations of the range of maximum sizes possible over the year. The
figure of 13.9 has been adopted for the SVL on hatching, since the mean of the means in Table 1
for hatchlings < 2 days old is 13.9 + 0.43. Considering first the upper range of growth, we take a
mean growth to the end of the wet season (30 April) of 0.1 om/day. One hatchling, captured on
day 205 (24 July) and recaptured on day 351 (17 December), had a mean growth of 0.05 cm/day
(the SVL going from 23.0 to 30.3 cm). We may thus take 0.05 cm/day as a possible rate over the
dry season, leading to the predicted lengths shown in Table 7. Taking a lower rate for growth
during the wet season of 0.06 cm/day and during the dry of 0.03 cm/day we obtain the lower
growth rate shown in Table 7.

Examination of our capture-recapture records reveals the following examples. An anima
(Blyth River) caught on 22 June (day 173) had an SVL of 25.1 cm. A group of animals was
captured on the Blyth River around the end of October (day 300) with SVLs ranging from 29 to
315 cm, in agreement with the upper size suggested from an anima born near 1 February.
Animals were caught on the Goromuru River in 1975, around day 280, with an SVL of 31.1 and
315 cm. Inlate September (day 269) 1978, an animal was caught on the Cadell River with an SVL
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of 280 cm; an animal with the same SVL was caught in late August on the Tomkinson River.
Another animal with an SVL of 185 cm on day 112 (late April) had an SVL of 32.7 cm by day 10
of the next year. If we alow an initid growth rate of 0.1 om/day, then this anima hatched in early
March. With this same sort of growth and a hatching in early February, it seems we could have an
animal with an SVL of 33 cm by the end of November. After examining late hatchling growth we
shdll look again at the question of maximum hatchling sizes late in the dry season.

We now consider the lower size range of hatchlings later in the dry season and attempt to
relate this to the latest possible times of hatching. Amongst the Blyth-Cadell captures of late
October 1974 (around day 300), there were 3 hatchlings captured on the upstream Blyth River
(around km 42) with SVLs of 16.0,16.5, and 16.5 cm. Some other animas in the range of 17.0-185
cm were also captured at this time. During the September 1978 captures on the same river system,
the smallest animal caught had an SVL of 17.1 cm. So in 1974 one had animas 1 cm (SVL)
shorter one month later. As we have discussed earlier, some very low growth rates occurred over
the June-September period on the upstream Blyth in 1978 (see Chapter 8, Monograph 1). If we
assume that the mean initia rate of growth of the late October 1974 hatchlings was 0.06 cm/day
(i.e., the same as the initia rate for the Tomkinson T12, T13, and T14 nests) and that their initia
SVL was 14.0 cm, then a 16.5 cm SVL corresponds to an age of about 40 days, and with a normal
incubation period of 90 days we obtain a date of mid-June for the laying of the nest, which would
be alate nest. A longer than normal incubation period (aswould be highly likely during the colder
dry season months) and a lower growth rate would of course push the date further back. Pushing
laying back to the end of April (the end of the wet season) and assuming 90 day incubation, we
would obtain an age of 90 days for the 16.0 cm hatchling, corresponding to a mean growth rate of
0.02 cm/day, a growth rate that seems possible after examination of the Blyth-Cadell capture-
recapture data.

An animal that had an SVL of 16.0 cm in late October and grew at the average rate of 0.05
om/day over the next year would by the following October have an SVL of 34.3 cm, a a rate of
0.04 cm/day It would have an SVL of 30.6 om. Thus there could be an overlap in sizes in the late
dry season of animals born early that same year or born late in the dry season of the previous year.
It is possible that in our assignment of animals to the hatchling class for calculating the Liverpool
and Tomkinson growth rates we have erred, in that the animal is actualy in its second dry season.
Such cases, and there would only be a few, would have the effect of lowering the mean growth rate
since growth over the second year of life is dower (see later).

Another way of comparing growth on the two river systems is to compare the sizes of the
animals in the second year, in mid-dry season. On the Blyth-Cadell System the largest recapture had
an SVL of 42.0 cm, with several others over 40 cm. Examination of the Liverpool-Tomkinson data
reveals several animals in mid-July with snout-vent lengths around 46 cm, and numbers between 42
cm and 46 cm. It is aso interesting to note that one of the Blyth October 1979 captures, 1753, which
had an SVL of 41.8 cm in June, had only 425 cm in October. These observations again indicate a
higher growth rate on the Liverpool-Tomkinson system.

PART 4 GROWTH OF SMALL (3-6', 0.9-1.8 m) C.porosus

In this part we re-examine the growth records for animals after their first year on the river
and up to the fourth year. This main purpose again is to look for differences between different
rivers. For animalslarger than 2-3 (0.6- 0.9 m) it isimpossible in some cases to be certain of an
animal's age, and this uncertainty increases with age. However, amongst the capture-recapture
records on the Liverpool-Tomkinson System there are a number of triple captures where animals
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were caught in three successive years, and in these cases we know much more about the age of the
animal. These triple captures of animalsin the wild provide very valuable data, and we have tried
to make full use of them.

4.1 Growth from Second to Third Year on the Liverpool-Tomkinson System

The capture-recapture records show 13 animals that spent their second year on the Liverpool
River. The SVL growth rates for these initidly 2-3 animals from mid-dry season to mid-dry
Season are:

All animals: 0.038 + 0.007 (n = 13, range 0.029-0.050); Males: 0.039 + 0.007 (n = 7,
range 0.031-0.050); Females: 0.036 + 0.006 (n = 6, range 0.029-0.044).

As expected the growth rate for malesis higher than that for females, though not significantly.

There were 34 animals that spent their second year on the Tomkinson River from mid-dry
season to mid-dry season and were initidly 2-3 animals. The growth rates for these animals were:

All animals: 0.045 + 0.006 (n = 34, range 0.034-0.059); Males: 0.045 + 0.007 (n = §,
range 0.038-0.054); Females: 0.045 + 0.006 (n = 26, range 0.034-0.059).

Interestingly, the male and femae rates on the Tomkinson are identical. The hatchling growth
rates for males and females over the one year period 1974-1975 were also very close.

The average time interval between these Tomkinson recaptures is only 340 days, somewhat
short of the average full year interval between the Liverpool recaptures. To enable a comparison
of these rates, we may correct the Tomkinson rates by assuming a two rate growth over the year
(see Part 2.2). If we assume a rate of growth of 0.02 cm/day (the mean of 0.03 for the first dry
season and 0.01 for the second dry season, see Part 2.3) during the dry season component, then we
can calculate that the rate 0.045, over 340 days, represents a rate of 0.043 over 365 days. We may
take then the corrected Tomkinson annual rates as:

All animals: 0.043 £ 0.006 (n=34); Males. 0.044 + 0.007 (n = 8); Females: 0.043 +
0.006 (n = 26).

The male rates are not sgnificantly different between the Liverpool and the Tomkinson; the
femde rates are sgnificantly different at amost the 1% level. From the equations in the growth
paper (see caption of Table 5) we can calculate the mean rate of growth of animals from 15 to 2.5
years to compare with the directly calculated rates above, 0.043 (males) and 0.038 (females).

4.2 Growth from the Third to Fourth Year on the Liverpool-Tomkinson System

Examination of the capture-recapture records reveals 21 cases of animals that are likely to be
going from their third year to their fourth year (mid-dry season to mid-dry season). Some are
definite cases because they are triple captures; in afew cases the initial Sizes may be a little large
(the two largest animals we have included had SVLs of 58.8 cm and 60 cm). The mean SVL
growth rates were:
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All animas. 0.0316 + 0.0072 (n = 21, range 0.018-0.047); Males: 0.0337 £ 0.0049 (n
= 5, range 0.026-0.038); Females: 0.0309 + 0.0078 (n = 16, range 0.018-0.047).

Thetime Interval for these ratesis (365 + 25) days.

Sx of the femaes on the Tomkinson included above are triple captures that we definitely
know are going from their third to fourth year. The mean rate for these (over approximately 340
days) is 0028 + 0010 (range 0.018- 0.047). Thus the male growth rate is higher, but not
sgnificantly.

Unfortunately the numbers of animals which spent the year on one particular river are
insufficient to dlow any comparison of the Liverpool and Tomkinson growth rates. The equations
from Webb et a. (1978) predict the following values for growth rates from 2.5 to 3.5 years: 0.033
(males) and 0.028 (females).

4.3 Two Year Growth Rates from First to Third Year on the Liver pool-Tomkinson System

By selecting from triple captures and 2 year spaced captures we can obtain a mean SVL rate of
growth from the hatchling to the 3-4' (0.9-1.2 m) stage over a 2-year period from mid-dry season to
mid-dry season. There are 19 such cases from the whole Liverpool-Tomkinson system, with the
interval between recaptures varying between 675 and 740 days. The mean growth rates over the
approximately 2-year interval are:

All animals: 0.044 + 0.007 (n = 19, range 0.034-0.056); Males: 0.046 + 0.006 (n =
11, range 0.034-0.056); Females. 0.042 + 0.007 (n = 8, range 0.034-0.052).

These rates may be compared with those calculated using the equations of Webb et al. (1978),
caculating from age 0.5- 2.5 years; 0.049 cm/day for males and 0.044 cm/day for femaes. The
rates predicted are in good agreement with the directly caculated rates. In Table 8 we give the
individual records of growth of the 11 triple capturesincluded in the above. It will be seen that the
growth rate over the second year is on average only 60% of that over the firg year.

From the 19 two-year spaced captures we can abstract some information on relative growths
on the Liverpool and Tomkinson rivers. The samples are very smal unfortunately, but the results
are in support of earlier results indicating a higher growth rate on the Tomkinson. For mae
animals on the Liverpool, the mean growth rate was 0.0434 + 0.0021 (n = 5, range 0.041-0.046).
On the Tomkinson there were 2 males with mean 0.0528 (0.0499, 0.0557). For femaes on the
Liverpool, the mean rate was 0.0362 + 0.0018 (n = 4, range 0.0343-0.0384). On the Tomkinson it
was 00489 + 00026 (n = 3, range 0.0473-0.0519). Interpretation of these differences is
complicated by the fact that the Liverpool capture intervals ranged from 718 to 739 days, whereas
the Tomkinson intervals ranged from 675 to 703 days. As we shal now show, even when this is
compensated for, the strong indication is still that the growth rate is higher on the Tomkinson. We
again use the smple model from Part 2.2. We take atwo year growth, dlowing 0.08 over the wet
season and 0.02 over the dry season. Over 730 days (302 wet, 428 dry) this gives a mean rate of
0.045. Over 675 days. with 55 fewer dry season days, we get arate of 0.047, so the shorter interva
has little effect on the average rate.
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4.4 Growth from Second to Fourth Year on the Liverpool-Tomkinson System

By sdlecting from triple captures and 2 year spaced captures we can obtain a mean SVL rate
of growth from the 2-3 (0.6-0.9 m) stage on the Liverpool-Tomkinson sysem. The interva
between captures varies from 666 days to 730 days, with the mgjority of intervals being around 630
days. The mean growth rates are:

All animals. 0.0368 + 0.0063 (n = 21, range 0.025-0.047). Males. 0.0380 +
00076 (n = 9, range 0.025-0.047). Females. 00358 + 0.0053 (n = 12, range
0.028-0.046).

Unfortunately the samples are too smal to permit any conclusions about differences between
Liverpool and Tomkinson growth rates, the magjority of the animals being from the Tomkinson

River.

In Table 9 we give the individual histories of the triple captures included in the above animals.
The equations in Webb et a. (1978) give rates of 0.038 for males and 0.033 for females for growth
from 15 to 35 years. The male-femae differences are not significant, though as usua the male

rateis higher.

Table 8. Capture histories of animals caught on the Liverpool-Tomkinson System in their first year
and recaptured in their second and third years'.

Number  Sex Initia SVL 1¢ year rate SVL 2nd year rate Final SVL
15 M 254 0.047 424 0.022 50.7
30 M 250 0.059 46.0 0.027 56.1
A M 230 0.062 445 0.031 559
95 F 210 0.04 40.0 0.017 46.2
98 F 240 0.043 39.0 0.034 516

103 M 25 0.053 410 0.032 530
184 M 230 0.059 432 0.042 57.7
232 F 200 0.053 382 0.042 52.7
270 M 220 0.061 429 0.039 56.3
349 F 290 0.056 48.1 0.038 60.9
351 M 215 0.070 451 0.042 59.1

! The rates of SVL growth are aso given (the intervals between captures vary between 337 and 371
days).
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45 Growmth Rates of Animals up to 6" (1.8 m)-Liverpool-Tomkinson Sysem

In Table 10 we present some interesting growth records for animals up to 6’ (1.8 m) in length.
The ages of most of these animals is uncertain to within ayear. We shall now comment on some
of these growth records.

Animal 37 exhibits a very high growth rate for a non- hatchling over a 2-year period, going
from atotal length of 1.0 m to 1.81 m over the period. Because of atoe abnormality noted on both
captures, there is no question that this was the same anima both times. Its mean growth rate over
2 years matches that of many hatchlings in their first year. This animal could conceivably be 15
years old on firgt capture and so had reached 1.8 m (6') at age 3.5 years. Animal 291 exhibits a
growth rate that is not much lower. The two males 451 and 517 exhibit a mean growth of 0.030
om/day over what is probably their fourth year of growth (from age 35 to 4.5). Animals 124,176,
177, and 195 have very smilar mean growth rates of around 0.036 cm/day over a 2-year period
which possibly is from their third to fifth year on the river (age 2.5 to 4.5 years). So at 4.5 years
they have an SVL of 80 cm, which isin agreement with the growth curve.

4.6 Blyth October 1980 Recaptures

In October 1980 11 animals (7 males, 4 females) were recaptured of the origina animals of
1978; the animals were very difficult to approach and this was al that could be caught in the time
available. Summary histories of the animals are given in Table 11. Since al these animals had
been captured in September 1978 we can calculate 2 year SVL growth rates. For dl animasiit is
0.032 + 0.005 cm/day; for the males, 0.033 =+ 0.004 om/day, and for the females, 0.029 + 006
cm/day. The largest rate was 0.040 cm/day for a male, and the lowest 0.022 cm/day for a femae.
These rates may be compared with those for animals for which we calculated 2-year growth rates
in Section 4.3. Therates are less than those on the Liverpool-Tomkinson sysem. The male rates
differ at the 0.01% level and the female rates at the 1% level.

Though the sample of animals on the Blyth-Cadell is much smaller than for the Liverpool-
Tomkinson, it isinteresting, by looking at individual examples, to compare the extremes of growth
on the Liverpool-Tomkinson and Blyth-Cadell rivers systems. The largest animals captured (1617
and 1817) on the Blyth-Cadell system in October 1980 had an SVL of 50 cm. Within a month or
so, their ages may be estimated at 32 months. Two very comparable animals from the Liverpool-
Tomkinson systlem (1 male, 1 femae) of smilar age had SVLs of around 63 cm, and there are
many examples of animals of the same age with SVLs between 57 and 60 cm. The smallest male
captured (1631) on the Blyth-Cadell sysem had an SVL of 43 cm and total length 87 cm, so it has
not reached the 3-4' category yet. This animal is at least 28 months old and may be compared with
an animal from the T14 1974 Tomkinson Nest which had the same SVL at some 13 months (both
animals were hatched around June-July). Again we see that the growth rate, on average, appears
to be greater on the Liverpool-Tomkinson system than on the Blyth-Cadell sysem and that, as we
have already discussed, the confident attribution of an age to a given animal more than a year old
isimpossible, especialy if the animals are from different systems. In October 1981 we managed to
recapture one of the 1978 hatchlings, a female, and at the age of at least 42 months, its SVL was
only 49 cm. Use of the growth curve (Fig. 3) in Webb et a. (1978) would give an SVL of 67 cm at
42 months. Some discussion of these animals recaptured on the Blyth-Cadell in October 1980 has
aready been given in Part 2.3.



Messel and Vorlkek 131

Table 9. Capture histories of animals caught on the Liverpool-Tomkinson System in their second year
and recaptured in their third and fourth years'.

Number  Sex Initia SVL 1< year rate SVL 2nd year rate Final SVL
35 M 425 0.0431 58.7 0.0264 68.2
40 F 390 0.0368 521 0.0195 59.3
92 F 36.0 0.0429 510 0.0249 60.2

262 F 36.0 0.0436 50.9 0.0252 594
301 M 390 0.0376 520 0.0338 63.5
317 F 375 0.040 50.9 0.0251 59.2
318 F 36.0 0.0418 50.0 0.0240 582
321 F 36.5 0.0445 514 0.0466 674
322 F 310 0.0533 489 0.0297 59,0
355 F 365 0.0524 5.2 0.0184 60.4

! Therates of SVL growth are also given (the intervals between captures average around 340 days,
with 378 the longest interva and 335 the shortest).

Table 10. Growth records for animals upto 6’ (1.8m) in length on their fina capture. All animals ar
from the Liverpool-Tomkinson System.

No. Sex Initial SVL Fina SVL Rate Period (days)
37 M 49.0 87.1 0.0518 736
110 F 52.0 775 0.0351 727
124 M 55.0 80.7 0.0365 704
165 M 64.0 774 0.0388 345
176 M 58.0 82.8 0.0356 696
177 M 56.0 813 0.0364 696
195 M 48.0 744 0.0380 695
291 M 46.5 78.6 0.0467 687
451 M 65.0 75.3 0.0300 343
517 M 725 82.1 0.0291 330
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Table 11. Growth historiesfor 11 hatchlings first captured in June or September, 1978 and recaptured
in October, 1980 on the Blyth-Caddll Rivers System. Rates are cm/day.

Sex Capture SVL Rate Capture SVL Rate Capture  SVL

1617 M June78 231 0033  Sept 78 26.2 0048 June79 388
- - 0023 Oct.80 500

1626 F June78 210 0045 Sept.78 252 002  Oct.80 415

1631 M June78 201 0012 Sept.78 212 0048 June79 340
- - 0019 Oct.80 430

1644 M June 78 174 0.006 Sept. 78 180 0.072 June79 370
B - 0023 Oct.80 480

1656 M June 78 187 0016  Sept.78 202 0057 June79 B4
N N 002  Oct.80 460

1687 M June78 200 0034  Sept.78 232 0029  Oct.80 450

1758 F June 78 195 0024  Sept.78 217 0066 June79 390
0012 Oct.80 450

1773 F June 78 184 0020 Sept.78 203 0068 June79 382
0016  Oct.80 460

1816 M Sept. 78 17.1 0007 June 79 372 0012 Oct.80 430

1817 M Sept. 78 265 0057 June 79 415 0018 Oct.80 500

1818 F Sept. 78 24.8 0.054 June 79 39.0 0.013 Oct.80 450
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PART 5 GROWTH OF LARGE ANIMALS

In October-November of 1980 and 1981 a number of animals caught originaly between 1973
and 1976 on the Liverpool-Tomkinson system were recaptured, providing vauable information on
the growth of C. porosus after the third yesr, i.e., for the ages where the data were very limited
before. In Table 12 we give the capture histories of these animals and aso the average rate of SVL
growth between first and last capture. In Table 13 we give the size at the end of each year calculated
using the growth curves in Webb et a. (1978); for large animals we have used the 65 cm maximum
head length curve for males, and the 51 cm maximum head length curve for females;, we have also
calculated the yearly growth rates.

It may be seen in Table 12 that for males, 0.025 cm/day seems to be about the average
growth rate over the first seven or so years of life (491, 382, 454, 1418, 1059). From Table 13 and
assuming an initial SVL of 139 cm (see Part 3.4), we see that the growth curve of Webb et al.
(1978) predicts an average SVL growth rate of 0.037 cm/day over the first seven years; a figure
which is too high when compared with the specific examples. Both animals 491 and 454 are from
the June 1974 Tomkinson nests and so are known to be 7.2 years old. Use of the growth curve for
large males (the 65 cm case) would predict that their SVL should be around 110 cm which is much
higher than these two examples and aso than that of 382, about ayear younger.

Animal 251 merits attention. Between its first two captures, about a year apart, its growth
rate was 0.030 cm/day. Over the next six years, between the 1974 and the 1981 captures, It
averaged 0.021 cm/day. According to the growth curve, an animal with an SVL of 65 cm should be
some 3 years old, and so by October 1981 anima 251 should be some 10 years old, with an SVL of
126 cm (53 om case) or 131 cm (65 cm) caseinstead of the 122.0 cm found. The 65 cm case aso
predicts, between the 4th and 10th year, an average growth rate of 0.024 cm/day, which is fairly
close to the observed value of 0.021 cm/day.

The two females recaptured in 1980 and 1981 (438 and 148) also deserve comment. Animal
438 has an SVL of 77.4 cm a an age of some 6.5 years, again somewhat less than that predicted by
the growth curves. Animal 148 may be taken as approximately 2.5 years old on firs capture
(according to the growth curve) and so has an SVL of 110 om at age approximately 10 years in
good agreement with the 51 cm curve for females.

Animal 1418, one of Magnusson’s 1976 hatchlings, at 5.5 years, has an SVL of 69 cm, which by
the growth curve should be the SVL of a3 year old. However, as we have seen in Part 4.3, there
are examples of animals that show growths up to their third year in line with that predicted by the
growth curve.

Animals 176 and 177 (see Table 10) both males from the Liverpool, have SVLs of about 58
cm in July 1973 and about 83 cm in June 1975. It is easily within reason that these animals hatched
inJune 1971, and thus at the age of 48 months have SVLs dightly larger than that of 491 which is
some 88 months old. (One wonders if possibly 1978-1981 was not such a good period for growth.
Since we are comparing the Blyth-Cadell and Liverpool-Tomkinson systems for different years, it
is possible the years on the Blyth-Cadell were bad ones for growth. However, the comparisons of
the Liverpool and the Tomkinson in Parts 3 and 4 are over the same years and there are
differences)

Some other individual growth records for larger animals over the period 1973-1976 may aso
be examined. One female (359) changed from an SVL of 80.0 to 107.0 cm over a 22 month period,
giving the high average rate of 0.040 cm/day (calculation from the head length change gives an
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Table 12. Capture histories of animals recaught on the Liverpool-Tomkinson Rivers Sysem in
October, 1980 and October, 1981

Capture SVL  Capture SVL  Capture SVL Rate
Animal Sex Date (cm) Date (cm) Date (cm) (cm/day)

491 M 17874 155 26.7.75 383 231081 82.0 0.025
251 M 16.8.74 650 25.7.75 753 131081 1220 0.022
382 M 20.6.74 184 21.575 338 111.80 86.0 0.029
438 F 2874 24 11180 774 - - 0.024
454 M 16.8.74 189 24.7.75 39.6 6.10.81 90.9 0.028
1418 M 17.3.76 149  11.5.76 20 8.10.81 69.2 0.027
148 F 20.8.73 600 27.874 721 221081 1100 0.017
1059 M 23.7.75 20.5 8.10.81 775 - - 0.025

a. Therate shown isthat between the initial and find capture.

Table 13. Growth of large crocodiles calculated using the equations of Table 1 of Webb et al. (1)2.

Age (years) HL(cm) SVL(cm) TL(cm) TL (feet) Growth rate
MALE 4.0 231 785 162.2 54" 0.028
50 26.0 88.8 1833 60" 0.026
6.0 28.7 984 2030 6'8" 0.0245
70 312 107.3 2212 73 0.023
80 336 1157 2384 710" 0.021
9.0 35.8 1234 254.2 84" 0.020
100 378 1306 269.0 810" 0018
110 39.7 137.3 282.7 93
FEMALE 40 211 716 147.3 410" 0.0215
50 234 795 163.2 54" 0.020
6.0 254 86.8 1779 510" 0018
70 27.3 935 1913 63" 0.017
80 29.1 99.7 2038 68 0.016
90 30.7 1055 2155 7 0.015
100 322 1108 226.1 75" 0014
110 336 1158 236.2 79"

a. For males we have taken the 65 cm maximum head length case; for females the 51 cm case.
The annual growth rate (SVL, cm/day) is also shown. See Table 5 for symbals.
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SVL rate of 0037 cm/day). This is a very high rate for a large anima, especidly a female.
Another femae (1070) grew from an SVL of 103 to 114 cm (0.024 cm/day) over a 460-day period;
another (401) grew from 107 to 114 cm over ayear (0.019 cm/day). The growth of two large males
(caled A and B) has dready been detailed in Webb et a. (1978). Another record of alarge mae
is that of 365, which changed in SVL from 149 to 160 cm over a 282-day period, giving a rate of
0.039 cm/day (however calculation from the head length change gives an SVL rate of 0.027 cm/day
and shows that care must be taken in interpreting SVLs derived from HLsS, especidly for big
animals).

In Table 14, we show the capture histories of 8 animals recaught in October 1983, of animals
first caught in the period 1973-1975. Since the growth rate dows with age and the growth rates in
Table 13 are obtained by averages over a longer period (9-10 years in most cases) than those in
Table 12 (7-8 years in most cases), we would expect the rates in Table 13 to be somewhat lower.
This appears to be the case, though the sample is of course very small. We shdl now comment on
some individua cases of particular interest.

Animal 931 was 344 m long on initial capture and weighed 163 kg. On recapture some 8 years
later its length was 354 m and its weight was 154 kg. With such a large anima measurement
uncertainty can belarge, but it is clear that the animal has hardly grown over the 8-year period. The
weight loss is perhaps attributable to the fact that the initial capture was in July, reasonably early in
the dry season, whereas the recapture was a the end of October, near the end of the dry season.
The food supply appears to be better over the wet season, and one would expect the anima's
condition to be lower at the end of the dry season than at the start. A further complicating factor is
that the 1981-1982 and 1982-1983 wet seasons were "dry" ones, and there may have been less than
the usua supply of food. Generally speaking, it does appear that some large animals appear to stop
growing, whereas others continue to grow.

Animas 131 and 318 are both females and show dramaticaly the variation in growth rates
that can occur and that were emphasized. The brands on both these animals were clear and
unambiguous. Female 131 was caught as a hatchling in 1973 and recaught in October 1983 with a
length of 252 m and a weight of 57.2 kg. Female 318 was caught as a 2-3 animal in 1973; most
likdy it was a late hatchling in 1972 but it may have been an early hatchling in 1973. On recapture
318 was 187 m in length and 19.1 kg in weight; its weight was one-third that of 131. Seeing the two
animals side by side it was hard to believe that 318 was the older animal. Female 131 looked in
very fine condition, whereas 318 was in poor condition; of coursg, it is possible 318 was diseased in
some way.

Worrell (1964) presents information about a large C.porosus kept in azoo. The animal was
approximately 2 m originadly and for 6 years grew at an SVL rate of 0.040 cm/day (at apparently a
uniform rate) and then dowed, averaging only 0.010 cm/day over the fallowing 16 years. The
latter growth rate is hard to interpret as the anima may have stopped growing at some stage.
However, the rate of 0.040 cm/day from approximately its fifth to eleventh year is high. The
anima of course is in a state of captivity and is presumably dways wel fed; however, the figure
indicates a possible growth rate for alarge animal, one that is higher than most of our observations
in thewild. At an age of approximately 27 years the animal was about 4.9 min length. Animal 251
is 24 m, with an age of probably 10 years, in comparison with this captive anima which was 3.7 m
at about 12 years. We aso have the cases A and B of Webb et al. (1978), one of which showed no
appreciable growth over 3.3 years and another (B) which averaged 0.011 cm/day over 2.3 years
(very smilar to Worrell's rate over 16 years). This animal (of total length 4.0 m, 13 feet) was
estimated as 20-24 years old.
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Table 14. Capture histories of animak recaught on the Liverpool-Tomkinson Rivers Sysem in
October, 1983. The growth rate shown is that between the initial and final captures.

Capture SVL  Capture SVL  Capture SVL Rate
Animal Sex Date (cm) Date (cm) Date (cm)  (cm/day)

184 M 23873 230 17. 7.75 577 281083 1050 0.022

Also recaptured 2.8.74 with SVL of 43.2

331 M 17973 390 15 775 629 251083 1110 0.020
ol7 M 20874 725 25 775 821 291083 1275 0.016
931 M 28575 1710 191083 180.0 - -- 0.003
131 F 19873 270 23. 775 635 25.10.83 126.5 0.027
318 F 16973 360 24. 775 582 24.10.83 935 0.016

Also recaptured 17.8.74 with SVL of 50.0

1049 F 21775 205 271275 240 20.10.83 90.0 0.023
246 F 4973 230 201083 106.0 -- -- 0.022

InWebb et al. (1978), there is a discussion of typica maximum sizes reached by C. porosus on
different rivers. For males, they estimate (from hunters' reports) 4.2-5.0 m and for females, 3.2-3.7
m (though some mae specimens are known to exceed 6.0 m). Cott (1961) in discussing the
maximum size of C. niloticus quotes (also from shooters reports) 4.0 to 4.6 m as the average for
large crocodiles shot in an area in Central Africa, with specimens up to 6 m. In other areas animals
up to 6.5 meters have been taken. Webb and Messdl (1978) report a reliable measurement of a C.
porosus specimen of at least 6.15 m, and less reliable reports give lengths over 8 m. The typica
maximum size reached by C. niloticus and C. porosus do not appear to be al that different. From his
data, Cott takes it as evident that the maximum size attained by C. niloticus differs widdy according
to locdity, in agreement with the general opinion amongst hunters (quoted by Webb et a. 1978) that
the typica maximum size of C. porosus males varies in different river systems and regions. This
would fit in with our results for early growth, which appear to indicate differences between river
systems. However in attempting to draw inferences about differences of growth of larger animals on
different rivers, one must dways remember that the animals can and do move between river systems.
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STATUSAND CONSERVATION OF CrocodylusporosusIN AUSTRALIA
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Following very severe exploitation for the skin trade during the 1950's and 1960's the
Australian population of Crocodylus porosus was very severely depleted by the start of the 1970's
(Bustard 1970, Messdl pers. abs.). A total import-export ban on crocodile skins and products by
the Federal Government in 1972 effectively ended the period of intensive exploitation, though this
had already happened in many areas due to numbers being too low for economic exploitation.

In 1971 the University of Sydney Crocodile Research Group commenced its study of C.
porosus in northern Australia.  The results of this lengthy and extensve study have appeared in
numerous publications covering the physology, nesting, growth, movement, mortality and
population structure and status of C. porosus over much of the northern Australian coastline.

An important aspect of this work has been the development of systematic survey methods to
enable the numbers of C. porosus on the tidal waterways to be estimated and the carrying out of
aurveys using these methods over a period of years to monitor the changes in the population. (A full
description of the survey methods used and of the Project's aims may be found in Chapters 1 and 2,
Monograph 1, Messel et a. 1979-1986). In this chapter we only summarize the results of some ten
years of night-time crocodile surveys, involving well over 70,000 km of river travel, and discuss the
results.

During the period 1975-1979, using a research vessdl as a floating base, some 100 tidal systems
(Fig. 1, and Figs. 1 to 9, Chapter 9, Monograph 1) were surveyed systematicaly and many of these
were surveyed more than once. In the Northern Territory 3,998 km of tidal waterways were
surveyed; in Western Australia 527 km and in Queensland 643 km. The detailed results of the sudy
and the analyses of these results appeared in a series of 19 Monographs (Messel et a. 1979-1986)
and 2 Western Australian Reports (Messdl et al. 1977, Burbidge and Messel 1979) and a series of
specialist papers. Intensive population surveys and studies were continued during 1980, 1981, 1982
and 1983 on some 330 km of tidal waterways centered on the Liverpool-Tomkinson and Blyth-Cadell
Rivers Sysems in northern Arnhem Land and on some 59.3 km of associated alternative habitat.
These relatively undisturbed waterways constituted our population dynamics and status monitoring
systems. In addition Ngandadauda Creek and the Glyde River with its associated Arafura Swamp
were resurveyed twice in 1983. During June-Jduly 1984 we resurveyed the 861.2 km of tida
waterways in Van Diemen Gulf which includes the Adelaide and Alligator Region River Sysems
and the Cobourg Complex. In September-October 1985 the mgjor tidal waterways of the southern
Gulf of Carpentaria were resurveyed. All these latter surveys are analyzed in great detail in
Monographs 18 and 19 (Messdl et a. 1979-1986) and were described in the population dynamics
chapter.
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The results of our surveys and studies have alowed a picture of C. porosus population
dynamics in northern Australia to be developed and this picture was presented in some detail in
our chapter on population dynamics. It enables us to account in a consistent fashion for the results
of the surveys and to predict results to be expected on future surveys. The results also enable usto
make an assessment of the overall status of C.porosus in northern Australia, and of the prospects
for recovery of the population. Management implications of the results and population model are
discussed dso. The presentation here is necessarily very much abbreviated and the reader is
referred to the 19 Monographs and 2 Reports for a wedlth of supportive detail.

STUDY AREA AND METHODS

Sudy Area - Figures 1 to 9 in Chapter 9, Monograph 1, enable the locations of al waterways
surveyed to be ascertained. The approximately 100 waterways surveyed extend from the Sale River
(124°36'E, 15°58'S) a the top of Cape York Peninsula in Queendand. The only mgor area of
coastal C.porosus habitat inadequately sampled is the eastern coast of Cape York Peninsular. The
waterways of the Northern Territory have been most thoroughly surveyed, most of them having
been surveyed at least twice. Each of the Monographs (except 15) dedls with the waterways of a
particular area and, besides the results of crocodile counts, gives details of salinity and temperature
profiles, tidal patterns, ranges and delays and fringing riverside vegetation. Color photographs in
each Monograph illustrate the nature of the waterways. Detailed river work maps (of al
waterways surveyed) with mileages are collated in Monograph 15 and show channels and
navigational hazards such as rock bars and sand and mud bars. Figures 1-6 in our Population
Dynamics Chapter in the current volume show the monitored area, the Alligator Rivers Region
and the Adelaide River in more detail.

Survey Methods - The methods used for surveying tidal river systems and their crocodile
populations are described by Messel (1977), Messdl et a. (1978) (also see for full details, Chapter
2, 4, 5 of Monograph 1). Particularly, it should be noted that these methods do not necessarily

apply to non-tidal systems or swamp habitats.

Night-time spotlight counts are normally conducted from two modified 55 m work boats,
each with three or four gaff members. A 3.5 m dinghy with a 9.9 HP motor is used for surveys of
upstream areas, billabongs and small coastal creeks. The gaff members include a spotter, driver

and recorder/navigator.

Crocodiles can be located as the tapetum of their eyes reflects light and appears as a red glow
in the beam of the spotlight. Counts can proceed when the tide leaves 60 cm or more of exposed
bank (Plate 2.1, 1, Monograph 1) on the sections to be surveyed. This means surveys must
normally be carried out within 2-3 hours of low tide, depending upon the tidal pattern. Mogt
crocodiles are spotted in the shdlow water at the edge of the river; surveying when > 60 cm of
bank is exposed assures that aminimal number are missed because of screening by vegetation.

The location (£100 m) of each crocodile spotted is recorded. Whenever possible, the animal
is approached to within 6 m and its size is estimated by an experienced observer, who aso notes its
situation on the bank or in the water. Measurements are also made, at 5 km intervas, of air and

water temperatures, sdinity and light level.

The survey methods outlined yied a distribution of crocodile numbers and size classes for the
tidal syslem. The question then is. what relation do these numbers have to the actual number of
crocodiles on the sysem? The Blyth River calibration survey study was initiated in 1976 to gain
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some ingight into this difficult question (Messdl 1977 and Monograph 1). Two 10 km calibration
sections were surveyed 204 times.

It was shown in Monograph 1 that, providing surveys are made when EB > 60 c¢cm, in the
manner indicated, thereis no statistically significant variation in the fraction of crocodiles counted
on surveys made during any time of the night and no sgnificant variation between surveys made on
incoming or outgoing tides. It was further shown that thereis no consistent statistically significant
variation between surveys carried out during different periods of the dry season.

In Monograph 1, it was aso shown that the estimate for the actual number of crocodiles
present on the river is approximated by the expression (aN + b N), where N is the number of
crocodiles sighted on a single survey (N to be > 10) and the coefficients ‘a (the inverse of the
average fraction of crocodiles counted) and ‘b’ have different values for the various sze classes,
and b includes the confidence leve factor. Vaues of aand b are given in the accompanying Table.
For instance, for non-hatchlings the implication is that 95% of observations would fal in the
interval (164N £ 2.01 N) and 99% of the observations in the interval (164N = 264 N). For
smplicity of interpretation, a difference between two counts will be cdled significant at the 95%
(99%) levd if the two counts do not overlap at their 95% (99%) confidence limits. These
coefficients were derived on the basis that the counts were well described by the binomia
distribution. Full details may be found in Chapter 5 of Monograph 1.

95% Confidence 99% Confidence
Size Classes Leve Leve

a b a b
Hatchlings 159 189 159 249
Smdl (2-6') 149 168 149 221
Hatchlings plus small 152 173 152 228
Non-hatchlings 164 201 164 264
All crocodiles 159 189 159 249

RESULTS

The picture of the dynamics of C. porosus that has emerged from our studies and which is
presented in our earlier chapter on population dynamics, shows that when discussing population
increases or decreases, it is usudly essential to consider not only results for individual waterways, but
also those for broad groups of tidal waterways. We were able to show in Monographs 1, and 9to 11,
that a decrease in crocodile numbersin a TYPE 1 tidal waterway need not necessarily imply that the
population of C.porosus is decreasing. The decrease may only imply that a fraction of the sub-adult
C. porosus has been excluded from the sysem by breeding adults. Furthermore, the surviving
fraction of the excluded sub-adults could give rise to a increase in population numbers in adjacent
TYPE 2 and TYPE 3 waerways, and they could in due course return to the TYPE 1 system.
Because C.porosusis known to travel long distances (Webb and Messel 1978), it is necessary firg to
consider small geographic subgroups and then larger groupings of tidal waterways covering broader
geographic areas, if one is to appreciate the overal changes occurring in the populations of C.
porosus. The tidal waterways considered in each Monograph normally form a natural geographic
subgroup and these often contain a mixture of TYPE 1, TYPE 2 and TY PE 3 systems. For instance
those in Arnhem, Buckingham and Castlereagh Bays form such subgroups. In particular it should be
realized that repeated surveys of just one part of a waterway can be very limited value because of
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seasonal adjustments that occur in the distribution of animals on a complete waterway, as wel as
movements in and out of the waterway.

In Table 1 we present the following results up to the end of 1979 for each survey of the tida
waterways of the Northern Territory, Western Australia and Queendand: the number of C.
porosus sighted within each size class, the midstream distance surveyed, density of non-hatchlings
sighted and the 95% confidence level for the estimate of the actual number of non-hatchlings
present. Also shown is the broad classification of tidd waterway TYPE as determined by the
sdinity signature of the waterway. It usudly does not include the often differing TYPES of the
waterway’s sidecreeks; the dominant TY PE only is normally given. All crocodiles whose size class
could not be determined positively (the EO, EO > 6' and EO > 6 classes) have been lumped
together and shown in the EO size class. When it is necessary to dlocate these crocodiles to
various size classes, it is probably best to use the scheme outlined in Table 3 in the Population
Dynamics Chapter.

Our results for the tidal waterways of the Northern Territory are presented in the same
sequence as the Monographs. We then group and sum the results for the latest survey of each
waterway, according to TYPE 1 (and waterway whose TYPE has a "1" in it), TYPE 2-3 (any
waterway whose TYPE has a"2" but not a"1" init) and TYPE 3. The summing of these three then
yidds the overal results for the Northern Territory. The percentage which each size dass
constitutes of the total number of C. porosus sighted is also shown. Next, we present the overall
results for subgroups of waterways, grouped according to geographic proximity. Wherever possible,
we show results for the 1975 and 1979 surveys so that increases or otherwise in population size for
the geographic areas concerned may be examined. Finaly the latest surveys (up to the end of 1979)
of the tidal waterways of the Northern Territory are gathered and summed for the four large
geographic areas:

1. Gulf of Carpentaria, which covers tidal waterways from the Queensland border of Gove (Figs.
5to 7 Chapter 9, Monograph 1).

2. North Arnhem Land, which covers the tidal systems from the Burungbirinung River in the
east to the King River in thewest (Fig. 5 Chapter 9, Monograph 1).

3. Darwin eastward to the Cobourg Peninsula including Melville Idand waterways (Fig. 4
Chapter 9, Monograph 1).

4. Dawin westward, from Port Darwin to the Victoria River near the Western Australian
Border (Figs. 2 and 3 Chapter 9, Monograph 1).

Thetotal number of C. porosus sighted, to the end of 1979, on the 3,997.6 midstream km of tidal
waterways surveyed in the Northern Territory was 5,472, of which 1,293 were hatchlings. Since only
some 50% of hatchlings survive from June of their first year to June of the next (Table 8.4.1,
Monograph 1), they should not be included in any estimate of the viable population. We therefore
usualy give densities and estimates for the actual number of crocodiles present for the non-hatchling
classes only. On thisbasis the overdl density of th 4,179 non-hatchling crocodiles sighted is 1.0/km
and the 95% confidence leves for the estimate of the number present is 6,724-6,984. This figure and
corrections made to it for waterways which were not surveyed is discussed later, as are the results for
Queendand and Western Australia.

The density figure of 1.0/km is of very limited value, for the density of non-hatchlings sighted in
TYPE 1 and non-TYPE 1 systems is quite different. Onthe 21755 km of TYPE 1 tidal waterways
surveyed, the density of the (4,491-1,197 =) 3,294 non-hatchlings sighted was 1.5/km whereas on
the TYPE 2.3 and TY PE 3 systems it was 0.5/km and 0.4/km respectively.
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The sze dlass structure of the crocodilians sighted in the TYPE 1, 2 and 3 systems aso varies
(Table 1). However, it should be cautioned that there can be considerable overlap and merging
between the sysem TYPES. For instance large TY PE 1 tida waterways such as the Adelaide and
Liverpool River systems contain TYPE 2 to TYPE 3 systems as well. If these were subtracted
from the systems, the difference would be further exaggerated. Table 1 adso shows the percentage
which each sze dass constitutes of the total number of crocodiles sighted. Thus in TYPE 1
systems some 27% of the crocodiles sighted are hatchlings, whereas in TYPE 2-3 systems this
figure fdls to 14% and in TYPE 3 systems down to 4%, showing a much decreased hatchling
recruitment in non-TYPE 1 systems. In TYPE 3 systems the percentage of crocodiles in the
hatchling, (2-3) and (3-4') Sze classes combined is some 11% whereas in TYPE 1 systemsit is at
least 52%. On the other hand the percentage of crocodilesinthe > (4-5') sze classesis some 39%
inTYPE 1 systems and 73% in TYPE 3 systems. These percentages do not take into account the
EO dass which amounts to 10%, 16% and 16% for TYPE 1, TYPE 2-3 and TYPE 3 systems
respectively. However since large crocodiles are usualy more wary than smdl ones (Webb and
Messel 1979), any correction would tend to exaggerate further the differences between the TY PE 1
and non-TYPE 1 systems. It islikdy that the difference between the figure of 10% for the EO sze
dassin TYPE 1 systems and 16% for non-TYPE 1 systems is accounted for by the fact that there
is a higher fraction of large crocodiles in non-TYPE 1 systems than in TYPE 1 systems. These
results for sze class structure indicate the utility and importance of our classification of waterways.

In Tables 1A and 1B of the Population Dynamics Chapter we give in the same format the
results of surveys since 1979 in the monitored area, and in the Alligator Rivers Region and the
Adelaide River. Table 2 of this Chapter gives the results for the resurveys of the waterways of the
Gulf of Carpentaria carried out in 1985. For convenience, the earlier results for these latter
systems are repeated in Table 2.

POPULATION STATUS

1979 Estimate for the Northern Territory - On the basis of the surveys carried out up to and
including 1979 we estimated in Monograph 1, Chapter 9, the total population of C. porosus in
northern Australia. We now reproduce that estimate and the basis for it.

Of the 3,997.6 midstream km of tidal waterways surveyed in the Northern Territory in 1979,
54% (2,755 km) were TYPE 2-3 and 22% (883.7 km) were TYPE 3 systems. In making
corrections for tidal waterways not surveyed, one should use the density appropriate to the
waterway TY PE, because as we saw in the Results section the densities are quite different between
the different TYPES.

Our estimate of the surveyable distances of tidal waterways not surveyed systematicdly in the
Northern Territory is as follows:

km
Mdville and Bathurst 1dands 330
Western Austraian border to Gove 280
Gulf of Carpentaria 50
660

Since practicaly dl of these waterways are non-TYPE 1 systems, many being difficult to enter, and
aso since we had a very large sample of non-TYPE 1 waterways, it was thought not worthwhile
endeavoring to survey them. During 1972 one of the authors (HM) had surveyed most of the
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waterways on Melville and Bathurst 1slands which were omitted thereafter, and it was found than
that these waterways contained even fewer C. porosus than those tidal waterways on Médville
Island chosen for more intensive study (Monograph 6).

The shores of the coastline amounting to some 3,200 km were not surveyed either for a number
of reasons. First thereis the risk to life involved in trying to do so; secondly, on each occasion that
we have surveyed long sections of bays and inlets at considerable cost and danger, we have sighted
either no or only sporadic C. porosus. Though the density of C. porosus aong the shores of the
coastline may have been greater in bygone days, it is aimost negligible at present and must be
considerably less than 0.1/km (see Monograph 9). The reasons for this are probably many. The
more important are that there are so few C. porosus and that they appear to didike waves intensely
(see Appendix A 12 of Monograph 1; wave action on the northern Australian coastline is high
during much of the dry season). There is aso little vegetation to provide cover along the long
stretches of sandy and rocky foreshores.

In each tidal waterway surveyed, the survey boats proceeded as far upstream as depth of water
would permit. In the case of non-TYPE 1 systems this constituted a much higher fraction of the
overall waterway than in the case of TY PE 1 systems which have more extensive drainage courses.
In most instances in non-TYPE 1 systems, the extreme upstream sections have no water in them
near low tide and thus their omission yields amost negligible error in the estimate for the actual
number of C. porosus present on the system. The case of TY PE 1 waterways is more complex, for
here the waterway courses may have non-navigable (by survey boat) freshwater sections greater in
length then the surveyed sections. These are usualy beyond the tidal limit and often consst of
intermittent waterholes with intervening sections which are dry during the dry season. C. porosus
is known to inhabit the freshwater sections but its dendty is small. On these sections of the
waterways C. johnstoni appears to be the main species (Monographs 2, 3, 12, 13 and 16). The
Roper River is an example of such a river system, as are the McArthur, Adelaide, Alligators,
Prince Regent, Mitchell, Ord and Victoria River sysems. A pointed out in Chapter 6 of
Monograph 1, in our discussion of the distributional pattern of C. porosus, the number of C.
porosus sighted int he freshwater section of the Blyth River fdls quickly and dragticaly as one
proceeds further upstream. The same phenomenon was discussed again a some length in
Monographs 10 and 12, where it was cautioned that care must be taken when comparing non-
hatchling C. porosus densities of one waterway with another. By including long freshwater sections
one can bring down the density figure to very low values. For instance on the Roper River we
found a non-hatchling density of 1.14/km. The density of the 20 non-hatchlings sighted on the 685
km of freshwater sections above km 85 was only 0.3.km. During the calibration surveys on the
Blyth River, the average densty of non-hatchlings sighted on the firgt purely freshwater (km 40-45)
section was only 1.1/km compared to at least 2.7/km for the whole river syssem. The density fdls
rapidly as one proceeds upstream of km 45. On the basis of the above discusson, one could
perhaps add some 1,000 km of TY PE 1 river distance to the 2,175.5 km surveyed, but the density of
C. porosus on these unknown sections is unlikely to be more than 0.2/km. During 1972 we
systematically surveyed waterhole after waterhole on the sections of the Goyder River upstream of
the Goyder crossing and sighted only 2 C. porosus. The Goyder River runs into the Arafura
Swamp which is known to be one of the few large remaining freshwater swamp areas in northern
Australia

The relatively few freshwater swamps both large and smadl in the Northern Territory are known
to contain populations of C. porosus, but these have not been inventoried systematically and the
present extent of the populations in them remains unknown. However, from the many casua
observations adready made, we believe it is likey to prove to be considerably less than 20% of the
population sighted in tidal river systems.
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On the basis of the above and with due reservations being made, our generous estimate for the
number of sightings of non-hatchling C. porosus in the Northern Territory which were omitted from
our tidal river survey is:

Unsurveyed tidal waterways (660 km x 0.5/km) 330
Unsurveyed freshwater sections of TY PE 1

systems (1,000 km x 0.2/km) 200
Unsurveyed foreshores of coastline

(3,200 km x0.05/km) 160
Freshwater swamps, taking 20% of the number

sighted in tidal systems 836

1526

If one applies the same confidence limits for these 1,526 non-hatchlings as we have for our surveys
(this procedure for the assumed 836 non-hatchlings in freshwater swamps is dubious, but is as vdid
an assumption as any other at present!) then there could be between 2424 and 2,582 non-
hatchlings additional to the 6,724-6984 derived from the surveys. Thus using (4,179 + 1526 =)
5,705 non-hatchlings, there could be between 9,204 and 9,508 non-hatchling C. porosus in the
Northern Territory as of October, 1979. We fed it would require unrealistic assumptions to carry
this figure much above 10,000. We even retain some doubts about the maximum figure of 10,000;
it may well be a substantial overestimate. On the other hand, we do fed that our estimate of 6,724
to 6,984 is a reliable lower one for the actual number of non-hatchling C. porosus, for this figure is
based upon careful and systematic observations made over a period of amost 5 years and some
50,000 km of waterway travel.

Wedern Augralia in 1978 - Tidal river systems in the Kimberley were chosen for survey by the
Department of Fisheries and Wildlife, Western Australia (Messel et al. 1977, Burbidge and Messdl
1979). It is believed that the majority of the large Kimberley tidal waterways were surveyed; the
only sgnificant areas not surveyed are the Walcott Inlet-Secure Bay area and the West Arm of the
Cambridge Gulf, with their associated rivers and creeks. It is dso believed that small populations
occur in such areas as the mouth of the Drysdale River. Commonly, small coastd rivers and
creeks in the Kimberley have short surveyable tidal sections which are terminated by rocky ledges
and often by waterfalls.

We believe that we examined more than hdf of the better C. porosus habitat in the Kimberley.
In the 527.3 km surveyed, 898 crocodiles were sighted of which 227 were hatchlings. The 671 non-
hatchlings yield a density of 1.3/km and the estimate for the actual number of non-hatchlings
present, at the 95% confidence leve, is 1,048-1,152. Assuming that the number of non-hatchlings
which would be sighted in the areas not surveyed is aso 671 we obtain lower limits of 2,127-2,275
for the number of non-hatchlings remaining in the Kimberley as of July 1978. One can extend this
edimate (of say 2,500) amogt without limit if one cares to make what we fed would be
unreasonable assumptions.

Queendand in 1979 - A sample of four mgjor tidal waterways on the west coast of southern Cape
York Peninsula, which were known to have contained some of the best populations of C. porosus
during the 1950's and 1960's, was chosen by the Queensand National Parks and Wildlife Service
for survey. In addition the Port Musgrave area, containing what is believed to be the best
remaining tidal waterway habitat for C. porosus in Queendand, and the Escape River on north-
eastern Cape York Peninsula, were also chosen for survey. As seenin Table 1, the results for the
Port Musgrave area and the other areas were quite different. Whereas the non- hatchling density
was 1.8/km for the 241.0 midstream km surveyed on the Port Musgrave waterways, the non-
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hatchling density for the groups of waterways on south-western Cape York Peninsula (359.7 km)
was only 0.4/km surveyed) is 0.9/km and the estimate at the 95% confidence level for the actual
number of non-hatchlings present is 945-1,043.

What estimate can one make for the number of non-hatchling C. porosus in overal northern
Queendand? The lengths of the remaining waterways on the maps look large, but most of the rivers
have relatively short navigable sections. Without carrying out further surveys one can only make a
broad estimate; it would be surprising if non-hatchling C. porosus densities on them were as high as
the 0.4/km we found for the southern waterways surveyed. Erring on the generous side, we estimate
that there are probably afurther 2,400 km of waterways not surveyed. Using a non-hatchling density
of 0.4/km this would yield a further 960 crocodiles which would be sighted. On this basis, the
estimate at the 95% confidence level for the actual number of non-hatchling crocodiles present,
using the (606 + 960 =) 1,566 value, is 2,483 to 2,648 or say 3,000. However, without further surveys
one is unable to substantiate this number.

Northern Audralia in_1979 - We now have estimates for the populations of non-hatchling C.
porosus in the Northern Territory, the Kimberley of Western Australia and northern Queendand.
However only the figures for the tidal waterways surveyed may be deemed to be reliable; the
remainder are probably upper limits and may be over-estimated considerably. With this warning
in mind our upper estimates for the non-hatchling C. porosus popul ations were:

Northern Territory 10,000
The Kimberley 2,500
Northern Queendand 3.000

15,500.

‘Dry Wet” Seasons in estimating population status - ‘Dry wet’ seasons play a very important role
in the dynamics of C. porosus populations, and it was the continuing of the surveys after 1979, in
the monitoring area, that alowed us to unravel this as we described in our Population Dynamics
Chapter--see Tables 1A and 1B of the same Chapter. By a‘dry wet’ we mean awest season which
has considerably less than the usual amount of rainfall and thus does not give rise to extensve
flooding of the tidal upstream sections of the waterways. The wet season of 1978-1979 was an
exceptiondly dry one and those of 1981-1982 and 1982-1983 were also dry ones. Asis evident from
the Tables, there was in 1979 an increase in the number of sightings in the tidal waterways, right
across the Northern Territory. At the time we interpreted this increase as a sign of the expected
recovery of the population. Now, however, we believe this interpretation may have been too
optimistic. To account for the results in our monitoring area, the only reasonable explanation we
are able to give, which is in accord with the observations made during the 1979, 1982 and 1983
surveys following ‘dry wet’ seasons, is that the Arafura Swamp is acting both as a breeding sysem
(during normal wet season periods) and as a rearing stockyard of varying extent, for sub-adult
crocodiles from Arnhem Bay in the east to the King River in the west. The Blyth-Cadell System is
avery important component of this. During a severe ‘dry wet’ season as in 1978-1979, the water
levelsin small and large swamps fdl drastically and crocodiles inhabiting these have no choice but
toleave. They can only return to the tidal waterways, both TY PE 1 and non-TY PE 1, and this they
do--as they did in 1979 and 1982. Many animals frequenting the alternative freshwater habitat
must have come from TY PE 1 tidal breeding systems and hence, as the swamps dry, some of the
sub-adult animals probably return to the tidal system from whence they originally came, the others
apparently have to frequent non-TYPE 1 tidal systems-even though temporarily--until they can go
back to the swamp rearing stockyard or a TYPE 1 system. Some of the returning large animals
appear successful in establishing a territory for themselves (and perhaps a few of the 3-6 animals
also); the others appear to be excluded yet again-- and specidly the 3-6 and sub-adult large




Messel and Vorlicek 147

anhnals--on the commencement of the breeding season. When the next ‘dry wet’ arrives [if there
has been the usual wet season(s)], large and sometimes 3-6 animals again are excluded from the
swamps and the degree of the process must depend upon just how ‘dry’ the wet season is-upon
how much the swamp water levels fal. The whole process is superimposed upon the normal
excluson and re-entry of animals which takes place in usua years and which accounts for most of
the sub-adults sighted in non-TYPE 1 systems. Thus, whether ‘dry wet’ seasons are the proxima
factor involved or not, they are certainly associated with the mgjor influxes of large and sometimes
36 animas sighted on the tidal waterways during surveys made in June-July, after a‘dry wet'.
Thus‘dry wets appear to play avery important role in the dynamics of C.porosus populations.

As we have said, the influxes of large and sometimes smdl animals in 1979 were in fact a
genera phenomenon on the tidal waterways of the Northern Territory (Table 1). It was especialy
marked on the waterways of the Alligator Region (on the Wildman, for example, 21 large animals
were sighted in September, 1978 and 56 were sighted in August, 1979). Both these systems have
fairly extensve associated freshwater complexes. Increases also occurred on non-TYPE 1 systems
with little associated freshwater complexes, for example on the TYPE 3 waterways of the
Milingimbi Complex the number of animals > 45 increased from 29 to 63 between 1975 and
1979. In the latter cases the animals could only have come from further afield (in the Milingimbi
case, from the Arafura Swvamp via the Glyde River). A very interesting exception to the general
pattern was the waterways of Arnhem Bay. Therewas no increase in the number of large animals
sighted between 1975 and 1979, and this could be connected with the relative lack of swamp
associated with this whole area and the somewhat wetter climate there.

1985 Update - Our estimate of 15500 for 1979 was based, as discussed earlier, on counts carried
out in ayear when most crocodiles were concentrated into the tidal waterways. Our alowance for
the numbers in the ratively scarce swamp areas was very likely too generous; it is hard to know
with certainly as systematic and reliable surveying of such freshwater habitat has not been carried
out extensvely and usudly requires methods quite different from those applicable on tidal
waterways. In October, 1983 we surveyed the largest remaining open body of water in the Arafura
Swamp (the old Arafura billabong) and sighted 70 animals including 32 >6', concentrated into its 2
km. Taking into account the few remaining open water billabongs and low water level in the
swamp, we estimated 400 as a generous upper limit to the number of crocodiles in the swamp at
that time.

Our results in the monitored area between 1979 and 1983 (see Tables 1A and 1B of the
Chapter on Population Dynamics and the "Overview" paper in Monograph 18) gave no reason for
modifying the 1979 estimate by much to obtain the 1983 population.

Though there appears to have been no sustained significant increase in the number of non-
hatchling crocodiles sighted on the tidal waterways of the Maningrida area since our surveys
started in 1974, the size structure of the animals sighted appears to have been changing dowly.
Notwithstanding substantial fluctuations, the ratios of smdl (2-6') to large(>6'), and 3-6 to large
animas was decreasing on the Blyth-Cadell, may have been decreasing on the Liverpool-
Tomkinson and was decreasing overdl on the tidal waterways of the Maningrida monitoring area.
Thus there was some indication of the commencement of a dow recovery phase.

In the case of the tidal waterways of the Alligator Region and the Adelaide River System, we
were able to show (Population Dynamics Chapter), as expected from the model, an important and
apparently continuing recovery was underway; that the Adelaide River System was recovering
faster than the rivers of the Alligator Region. The tidal waterways in the Alligator Region indicate
the potential for recovery , at a rate equa to or even better than that found for the Adelaide
System. However, a present too many crocodiles are being killed in fishing nets so the potential
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cannot be realized until the commercia net fishing for barramundi is halted in these rivers, dl of
which are in Audralia s Kakadu National Park. Restoration of habitat after eradication of the
feral water buffao will aso aid the full recovery of the population (both in the Alligator Region
and the Adelaide River). The Adelaide however does not have the protection of being in a
national park.

The present results for the 787 km of tidal waterways resurveyed in the southern Gulf of
Carpentaria (Table 2) shows that the C. porosus population in this area remains as severely
depleted today asit wasin 1979. There has been no sgnificant change in this population, however
there is some hint, from the smaller numbers sighted in the TYPE 3 creeks, that it is dropping
even lower. There can be little hope for these populations in the southern Gulf if barramundi
netting in the area is not severdly curtailed. Even the C. porosus population in the Roper River
System is in great danger, if netting is alowed to continue well upstream--to the km 61.5 point.
This ensures that the mgjor fraction of the C. porosus population in the System is within the netting
limit (see Fig. 12.31 Monograph 12). If the Roper System is depleted then there will be little hope
for the long term survivd of the remnant C. porosus population in the other tidal systems in the
southern Gulf of Carpentaria, such as the Limmen, Towns, Yiwapa and Nayarnpi nearby. These
systems depend to a large degree on animals excluded from the Roper System. They cannot rely
on animals excluded from the large McArthur System, for it is already as depleted as they are.

During the past three dry seasons we have resurveyed some 2,111 km of tidal waterways in the
Northern Territory as follows:

km

1983 Northern Arnhem Land, Maningrida area 4629
1984 Alligator Region - Adelaide River Systems

and Cobourg Complex 861.2

1985 southern Gulf of Carpentaria 787.0

21111

This constitutes more than 50% of the some 4,000 km of tidal waterways surveyed to the end of
1979 in the Northern Territory.

On the basis of the data we have gathered on our resurveys between 1979 and 1983, and
during 1983,1984 and 1985, we can how update our 1980 estimate for the non-hatchling C. porosus
population in the Northern Territory (Chapter 9 Monograph 1). Keep in mind that such a large
portion of the hatchlings are lost each year that they are not a good indicator of population trends.
Hatchling numbers may increase dramatically during the hatchling season and decrease during the
rest of the year; they are also very variable from year to year. If a census were taken later in the
year after many hatchlings have been lost, the same population would be smaller. This is why
crocodilian monitoring programmes all over the world, e.g., North America, India, Africa, focus on
non-hatchlings. Our 1980 estimate was 10,000 non-hatchlings and alowing for the recovery of the
population on the Adelaide and Alligator Rivers we found in 1984, we fed that estimate might be
increased by up to 20 percent, perhaps to a figure of some 12,000 non-hatchlings now. One cannot
be more precise about such an estimate.
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The probability of the C.porosus populations in the Kimberley of Western Australia recovering
over a period of several decades is fair, epecidly in the George Water, St. George Basin, Roe-
Hunter and Ord River waterways where barramundi net fishing in the riversis minimal and there is
no destruction of nesting habitat by feral water buffaloes. We will be resurveying areas in Western

Australiain 1986.

The same cannot be said for mogt of the tidal waterwaysin northern Queendand, especiadly in
the light of our resurveys of the southern Gulf of Carpentaria. In these, the density of C. porosus is
probably aready at dangeroudy low levels and recruitment is minimal. Barramundi net fishing
which is alowed in the rivers is not only quickly exhausting the rapidly dwindling barramundi
resource but is drowning a substantial fraction of the few remaining large C. porosus. It is likely
that, with the exception of the Port Musgrave area, the population of C. porosus in northern
Queendand is till faling and iswell on the road to exhaustion.

MANAGEMENT OF THE C.porosus POPULATION

What are the management implications of our results? We are not management authorities,
but are aware that a multitude of factors--some of them political--must be taken into consideration.
For example, for reasons based on public safety, Australian society could decide that all waterways
utilized for business and/or pleasure or which had settlements near them, should be cleared of C.
porosus and the C. porosus should be adlowed to exig and perhaps recover, only in a number of
designated parks and/or reserves used for scientific and/or tourism purposes (we have suggested
some suitable areas in Chapter 9, Monograph 1, p. 439). Such a decison would result in the
remova of C. porosus from many of the waterways in northern Australia and could have far
reaching ecologica consequences, many of which probably could not be foreseen beforehand.
Based on examples from elsewhere in the world, we know that the removal of a predator from the
top of a complex food chain cannot occur without some magjor consequences. The Australian people
would have to decide whether the unhindered enjoyment of the waterways of northern Australia is
worth the risk of possibly disastrous consequences to the whole ecology of the waterways. The
fishing industry is one group that readily springs to mind as a possible sufferer.

Or it might be decided to encourage the establishment of a commercia C. porosus skin
industry based upon the wild population. Since some 70% of the 3-6' animals are lost--and these
are the most valuable ones commercialy--one is tempted to believe that their remova beforehand
would yidd avauable resource without harming it. But one must proceed with extreme caution
before embarking upon such an enterprise. Undoubtedly the exclusion and/or loss of some 80%
of the 36 animals is an integral part of the vita process of sorting out the successful from the less
successful, or sorting out the stronger and more dominant component of the population.
Removing a given fraction of the population might very well remove the stronger component and
thus over the long term set the population on a declining course. We smply do not know. On
page 15 of Monograph 1, we proposed in 1981 a critical experiment to test the effect of removing a
given fraction of the (3-6') C. porosus population and proposed that some 25 to 40% of the (3-6)
animals be removed annualy for a period of 4 to 5 years from the downstream sections of the
Addaide River to see what effect if any this had upon the population in that river. For the
experiment to be meaningful, one had to monitor the population changes on another set of control
tidal waterways in which the C.porosus population remained untouched. The University of Sydney
financed the costly monitoring of a control group of waterways for 4 years and this work has now
been completed successfully. Though the proposed experiment had very important ramifications
for the management and ranching of the C. porosus resource, no financial support had been
forthcoming, from relevant authorities, for the other hdf of it. The origina opportunity has been



150 Messel and Vorlicek

lost, but the experiment ill must be done (though at much greater cost) so that important
management decisions can be made on an adequate data base.

We have aready mentioned two very important factors affecting any possible C. porosus
recovery, that can be influenced by correct management. The firgt of these is prevention of further
destruction to habitat by the ferd water buffdo and a program to alow recovery of already
damaged habitat. The second factor is the continuing loss by drowning in fishermen's nets of
hundreds of large crocodiles per year (see Monograph 1:437-438). Some of these nets are set
legally. Our results show that over 80% of the 3-6 animas are excluded from many TYPE 1
waterways and that this excluson also involves large animals; that there is great and continuing
movement of these animals into and out of the river systems. Allowance of net fishing in or &t the
mouths of rivers, specidly the TYPE 1 waterways is certain to remove an important component of
the large animals and could well ensure that the population in those waterways never recovers or
even declines. For instance, we believe that the decrease in the number of large animals sighted on
the West Alligator and Wildman Rivers shown in Table 9 of the Population Dynamics Chapter is
probably due to the continuing heavy commercia net fishing in those rivers. The total lack of any
recovery over sx and a half years in the waterways of the southern Gulf of Carpentaria, described
earlier, is also undoubtedly due to continuing net fishing.

Undoubtedly economic and political considerations are involved in arriving a a reasonable
compromise in relation to the matter of commercial net fishing in tidal waterways. We have no
desire whatever to become involved in argumentation about it. At the very minimum it is
suggested that all net fishing be definitely phased out over a period of two years in rivers included
in national parks (it is ill legal to set nets in the tidal waterways of Kakadu National Park). The
continued loss of very valuable large crocodiles in the quest for the rapidly dwindling barramundi
resource should be stopped.

Crocodile farming should be encouraged and removal of eggs from the wild from nests which
are known to be flooded during the January-March period might be considered on certain selected
tidal waterways. Early November nests or March-April late nests must not be robbed. Because of
the heavy losses of hatchlings and 3-6° animals, we fed that release of such animas into TYPE 1
systems, except in cases of very depleted systems, is purely cosmetic and a waste of effort. |If
restocking is to be considered then TYPE 2-3 or TYPE 3 systems and freshwater complexes
should be uses, and only > 4’ sze classes should be released. Even then, many uncertainties
remain about the success of such arestocking policy.

ACKNOWLEDGEMENTS

The authors wish to thank that Science Foundation for Physics and the University of Sydney
for their continued financia support. We aso wish to thank W.J. Green and 1.C. Onley for their
continued participation in the onerous fidd work necessary to abtain the results presented in the
paper. Dr. A.G. Wells participated in most of the surveystill the end of 1979 and in those of 1984.
Many other individuas, too numerous to acknowledge separately here, have contributed to the
program over the years and are acknowledged in the appropriate Monographs. We thank Kim
Mawhinnew for typing the manuscript.



Messel and Vorlicek 151

LITERATURE CITED

Burbridge, AA. and H. Messal. 1979. The status of the sat-water crocodile in the Glendlg,
Prince Regent and Ord River Systems, Kimberley, Western Australia. Dept. Fish. Wildl.
West Aust. Rept. 34:1-38.

Bustard, R.H. 1970. Report on the current status of crocodiles in Western Australia.  Dept.
Fish. FaunaWest. Aust. Rept. No. 6.

Messd, H. 1977. The crocodile programme in northern Australia: population surveys and
numbers. Pages 205236 in H. Messdl and S. T. Butler, eds. Australian Animals and their
Environment. Shakespeare Head Press, Sydney.

, e a. 1977. The status of the salt-water crocodile in some river systems of the north-west
Kimberley, Western Australia. Dept. Fish. Wildl. West Aust. Rept. 24: 1- 50.

, et a. 1979-1986. Surveys of tidal rivers systems in northern Australia and their crocodile
populations. Monographs 1-19. Pergamon Press, Sydney.

, A. G. Wdlls, and W. J. Green. 1978. Crocodylus porosus population studies. Survey
techniquesin tidal river systems of northern Australia. Proc. of 4th Working Meeting of the
IUCN/SSC Crocodile Specidist Group held in Madras, India, February 6-12.

Webb, G. J. W. and H. Messdl. 1978. Movement and dispersal patterns of Crocodylusporosus in
some rivers of Arnhem Land, Northern Australia Aust. Wildl. Res. 5:263-283.

and . 1979. Warinessin Crocodylusporosus. Aust. Wildl. Res. 6:227-234.



€l €2 €e oSk g9 % lZ W & T vz W 8l 6. Bny
% 12 €8T 8¢ 6ty TI O € ¢ IO % 9 8 €T g aum
= T &IT ST 02 6y G 8T 9 €T €€ 8 T T 8% /. PO VI1TANIDININ
> (#T) ¥ HAVIOONOW
S
m T e 8l 9T 00T 9 Z T Z 1 T ar g, ‘bny JTAON
s T T0Z 65T ZT 006 T 8T T 1 a1 L g GIT g, bny Alvd
295 067 vT oTeZ € W ¥ 8 9 o9 8 €S ¥/ 6L WS
655 -/8V v 0T&Z 9 2¢€ €€ €& 06 T, vZ¢ 29 T8 g, wWks
T 9 909G 9T €9 9 € S W 9 88 2 8¢ I 1L A 3aivi3av
€ HdVYO0ONOW
T T 86 S0 9T 9 T ¥ 9 o €T g 6 6, g, bny IDIHNVINZLIA
T 0£Z 8T 90 T6cc 8 € 8 2 12 8 € eI gL bny VIHOLDIA
Z HdVY490NOW
865 7S 9¢ SY6 2 9% 9 I& 65 6 16 €I S 6L aumt
TSV 69€ L S06 T 9 8 8T 95 6. 09 ST 66E g, kS
/St €68 62 S06 2 v 9 GI /9 18 Q €T Z&F gL aunr
6y GLE LT S06 2 € 8 gT W €8 89 JIT 0% /. PO
Sob L2y 1€ G06 € v v T W &I Sy OU 9% 2 0es
£Gh -68€ 8¢ S06 vz € Oof €I 69 T %€ I SE . aun
ey 08 it/ 076 8T 1 1 ST S5 6 0 83 g€ Ly few
0Sr -98€ 8¢ 026 e ¥ Z or g QT 0. ¢ g ) cdy
Gey TS 1T 026 6 ¢ v o ©Or 19 19 J0€E 9. NON
697 €0V 6¢ 026 X 9 L v 9 WOT €9 ¢8 8 9. s
25 29 ze 616 S 14 & U 18 OVI 05 €€ G, NON
T 25 v A 6T6 14 Z 9 8 M 18 68 /8€ Y. PO 7713AVO-HLAG
T HdV4OONOW
adA | spr| AsueQ ponns 'O /< /9 9§ GV V€ €¢ H elol akd wesfs
%56 SPPWO|IY SSe[0 9z ulslequnN

152

"Sfonins yBijods swin

AyBu Buunp puesusEN) pUe BIRISNY UBSaAN ‘AIo1Le ] UBYLION 8y JO SAeMiBIEM [epil UO SSej0 8z UIlIm peyfs snsood ) Jo lequinN T ajgel



Messdl and Vorlicek

9 90 16 % T T 9 6. Arnc
0 00 T6 0 9/ Bny
€ € €0 T6 T Z € G, ‘bny 1HOIN 11V
6 G0 9T T 1% Z Z 6 6. Arnc
T T0 91T T T 9/ ‘bny
£ 1% 20 9T T € % G, ‘bny C109NdNM
6 -T¢ L0 T Z € T 1% L T gt 6L AIc
A 0 T0C 1% € A 9, bBny
€ G -T1 G0 T0Z Z Z T T 4 Z T T T s by JIAVCVYIN
/8 -19 60 S8y 8 S Z 6 ot T £ 8y 6L Anc
v e 0 L8y % T T S S v 8T 8¢ L aunr
16 -Ig G0 02 € v 1 T T L 8 T e 9. bny
Z Te <I €0 02 Z 1% 4 € € € /T S Bny ONIM
oIT 48 vT £'sy 6 T 9 or I L T 6 06 6. A
€8 99 1T £sy L T Z 9 ot €T 6 Z 0S5 /. aunp
89 - 80 (ofe1% 6 € € T g 8 g 8T 2§ 9/ dss
T 68 -19 0T £'sy € % S L 12 o gL bny d33AVYINOOD
G HdVI9OONOW
£ve /61 ()% gee a T I L T 1 ¥ T2 €I 6L Bny
T €Zr -16 6T gee 6 L 6 or 8 9 9T €5 QI g, des NVYIANQTIM
oST 0ctT 02 Yla 4 ST T a2 L T er 6 T % 6L bny
8IT 98 GT oy L 9 O €T 6 zr S € S8 8. A
T 8T 0T 8T e 6 or O S T T Z 6 €8 /. PO HOLVYOITTV 1STIM
/82 /€2 T OVIT /& 1§ 1€ 2 T v T % T 6L bny
£lz €2 €T ZEIT S¢ 8 W e 1 v € 9 /ST 8L A
T /SZ 60¢ ZT gerr 9% 1€ @ 2 % zr YT /. PO HOLVOITIV HLNOS
G6S -TZS 62 Z6IT 85 19 8 8 85 4% 0c € g€ 6L bny
0TS -2t ¥ 68T 8 1S T¢ a2 1S €9 ¥I  6€ 62 8. aunC
T 89 207 €C 6YIT 8 ¥ 0o Tvr /S /e 8T €6  gIE /L 1O JOL1VOIT1V 1SVA
adAL sp®| Asleg pfonurs ‘03 L< /9 9§ GF &> € H POL ard wesAs
%56 SPPWO|IY SSepazs ulslequunN

Juoo T alceL



Messel and Vorlicek

80c 95¢ T veer  0e T 6 vz 29 68 L 95 82 L PO
qog -/0S vT TSVT T S €T 0£ 65 15 9 o sz L fAen NOSNIMNOL
T s Ie vT Z%T 89 € € € 2 o5 6 6 82 9. A -100d93AIT
L HdVE90NOW
9 0 SHT T T T Z 1 9 6. PO
T T0 1% T T 9. ‘bny
0 00 SYT 0 G/ "MON
T TO SYT T T 6. A
0 00 SYT (Usss sopis abre| g “Bremoy) 0 2. PO OONVONIL
g €0 SYT T T T T T g 6. ‘PO
0 00 0zt 0 6. A
€z 0 00 0ST 0 2. PO HLlvdg
Vo A Z0 868 S 4 g S T Z ¢ 6, PO NOISNHOC
7IVE3INO
1€ 46T 40 € v T v v T ¥I 6L PO
9 ¢ 90 o ¥ L € € /T )L aun INVIHLISNIVIN
o4 14 TO 00 ¥ 14 Z. PO NOISNHOC
€ /1 L0 v Z S 4 € ¢ ST 6., PO
12 €1 S0 Ve € 1 T € € T g /T /. aunp
T <1 90 v 4 g T T € Z € IT 9. Bny
4 T0 Ve 4 4 G/ 'MON
9 €0 v T 14 T 14 or S. A
€Z 82 T 90 Ve 8 € 4 Z ST 2. PO NVYONOJd
66 -T. TT gy 9T O 9 L 6 € T 4 95 6. PO
T, -1v 80 8 ¥ € v 6 g T L e /. aunp
89 L0 8Ly 8 T € € 0o 8 T L I 9. bny
9€e 0 0 8w L Z Z 1 14 T /T S, "MON
T €S <€¢ S0 g TT ¢ 9 g Z ¥I  OF S aum OO9ONVNVHANY
9 HdVIO0NOW
adA L spro| Aswl@ pefenurs ‘O3 < L9 95 SY € €2 H oL ared wes/s
%G6 SePWO|IY S0 825 Ul SIequINN

154

W00 Talel



Messel and Vorlkek

T2l 68 vT 6% I 9 9 O 6 ot 6 9 0r 6L Ane
T /S <€ 90 6%y T v T Z 9 € 8 G, s IaA1o
8 65 0 ge0l 9 a ¢ v O 9 € ¥ /S 6L A
Z €5 £¢ €0 vo8 9 9 € T € S Z S T¢ G s NI TOOM
& 60 662 S v v € € Z T2 6L aum
€ € 8 .0 Sy 4 T Z T T G Z € 61 G/ "10eS VYANVAYANVON
8 41 G0 A AN 1 € L T T T 6L aunf
€ € T0 9Te Z T € G/ "1des vdanavra
Sy -2 60 0 S ¥ S 9 2 T € 6L aunr
€ 8 0 0€z T G T T 8 G, "1des v119VoIca
oy = G0 /€€ 6 € € A Z 6T 6. aunf
ez & 1 0 gt%e T I ¢ € § T €T . Bny vLigdva
z O 20 0€S e 2z € 1 T O 6, aunf
€ € 20 9T T T T € G, des L13NN3g
6 HdVIOONOW
T S ) o T T ¢ T S 8/ PO ONOLY 100
T IE <I 90 vve ¥ 1 ¢ I ¢ 4 T GI 8. O HIAMIVM
Z v G0 G/ € T 4 8/ PO 1HVH
Z € 0 L9 Z T € 8. 1O MVYLINNIN
T L €0 g ¢ € A L 8. PO 350y
8 HdVIOONOW
16 -I¢ LT 8Vl v Z g 9 14 14 o S 6. A
12 <1 60 9eT ¢ T T 9 Z ¢ vT 1L eunp
8 4T 0T 9eT € I T S € Z Gt 9. Arc
Z 65 £ 61 0ST O T € 1 v 6 S. Bny YYD INGONNN
e 062 vT TTWI 9 € /T 62 I€ o 9T T9T S5 6L WO
OV -THE 1) 00T 05 0 62 168 €&F 68 IT 682 GIS 6L Arnc NOSNIMWNOL
6 €6C vT VWL S 8 ¥ 6l 99 Vi 8T /S €2 8. s -JO0dHAAIT
adAL spo| Asleg pefens ‘03 /< /9 9§ G vE€ €2 H EOL arqg wesis
%G6 SePBWo|I Ssepazs ulsiequinN

oo Taj0eL



Messdl and Vorlicek

156

09 B¢ 1T A4 S e v €l g oS 6L aunt

€Z € 11 90 Zse € 1 v 9 T GI S. PO JVYNINTVEVYSE
t ZT v'e T € t 6. few

€ 9 vT A% Z T 4 T 9 G/ PO MO d00DgVH
€91 G2l ()% T L Z € GT €2 4 GT € TIT 6L few

T €T ST (0} 0z 6 v 4 or & T vz € 10T S PO d d0099VH
0 v L0 (0)e% L z Z g or 9 T T e 6L fein

€2 € T €0 8y T T T L 1% T ST G/, PO VONNIYMI VYA
QT G, e (0} 4 g v € g 61 6 £ 68 6L fe

T 6 -99 12 AN e 1 6 ot 61 9 66 80T G, 1O OLlvD
G6C £Ve 6¢c T2 g ¢ g T T2 8y 09 9T 00 6L fen

T 1T -/9T 8¢ STy 4 A > L € T 8 [z W S. PO NHOC ¥313d
89 6¢C LTI S € € 8 L 8 € e 6L fen

4 4 €0 0€T Z z 6 €T S/, PO SOHNNM™EIgGONNENE

TT HdV4OONOW

v e 6T L0T vz L g T 0c 6L 8aunt

€ 6 80 0TI € T Z 1 4 6 G/ PO Ad3dd IS
€5 £¢ L0 '9e v 9 € L 9 9z 6L aun

€ e | 90 8.2 € Z 1 4 g € 9T G, PO VIvaN
89 60 0/€ oL 6 L € 4 T ve 6L 8unf

€ 6e -T¢ 90 88 4 2 1 v S € T 8T S. PO IOMNENMVE VM
85T et v £'Ge a9 ¥ 8 6 IT 2 L 9T T0T 6L 8unt

r4 /9T 6T 62 T7E ¥ € 1 8 11 8 Zr Or 00T G/ s INVHONIIONG
€Z 29T 21 22 Tor 1T L gt TI 6l ar L Gy €T 6L 8unt

®T S8 65 1T 6'8c T % % € /T GI 8 28 G/ s IOMEV TV
Tuw 638 -T9 90 G8L 6 I 9 € 6 S € o 95 6. A

®E O & €0 €89 T Z € T % € g 9 GZ G ks NOSNIHOLNH

€ % 90 0L T T T T 14 G/ "1des SYTIHD

(pesn 10u) 7713Avo

adAL spro| Asleg pefonrs 03 /< /9 9§ S vE  €C¢ H  ELL aled wes/s

%G6 SEPWO| 1] Ssefp 8zis ulsiequinN

oo Talgel



Mess and Vorlicek

€ 65 -/€ T2 VT Z 6 9 v 9 T T 62 6L bny HIALYMLIVS
¥T HdVIO0NOW

T /S <¢ T0 9%z 8 g % 9 € Z 8¢ 6L fen dNHL1AVON

€ 0 00 €T 0 6. fen gNOT1NOD

€ T T0 SOT 1 T 6. fein AAVYA/AVAVEYA

Z ¥ T0 A% T T Z % 6. fein NV AYVIM

€ T T0 TST T T 6. fein MONVd

€ € S0 9 T T T € 6. fe SIAINIHOYY

€ 0 00 08 0 6. Rein O3111vo

€ T T0 0Tt T T 6. fein SMO1T134 LvH

Z 0 00 6'se 0 6. iy NOSNIg0d

€ T G0 02 T T 6. iy EES]

/4IONIAOYHIS

€ 0 00 0¢C 0 6. udy TTEMXYIN

€ T Z0 99 T T 6. “idy NIFISNIF

Z Z T0 '8 T T Z 6. iy LHVATIVO
ZT HAV490NOW

€ Z €0 g9 Z Z 6. few NMONNY

-HNAINMONYIN

€ 6 90 YT € Z % 6 6. few VdVMIA

T 6vs LY ZT 879%¢ 02 92 +t£ 68 98 1h% 19 9% oy 6L fen d3doy

Z e e G0 Z.S T € Z L L 9 T 82 S5 6L fen SNMOL

Z 6e -I¢ T0 € 1 Z € 8 € T T 6T 6L fein 1HOIG NININIT
ZT HAVYY9O0NOW

o8y Ocy 895 08y 92 /L g or 1¢ 6T 85 eI Oy 6L aunt
T Qe YL 6¢€ (874 9 9 9 L ¥T /€ G 8T 662 S. PO NHININOHOD
9 ¢ 80 €TC 1% Z € S € /T 6L aunt
€2 8 T L0 €61 T T Z 9 € Z ST S. 1O vd1vdg09
adAL spo| Al pns ‘03 /< /9 9§ S &> €2 H ElOlL akeq wesAs
%56 SPPWO|IY S azs ulsiequnn

00 Talcel



Messdl and Vorlicek

YeYT-99cT  ¥¢ S¥ee T 9|l ST 06 Of 88 86 /ST 90T 6L
T 06TT+80T 0% 605 06 & /6 T 66 68 5 69T 298 8L NOI93Y HOLVYDIT1V
6SCI-ISTT €2 OTeE 9 ST &I €8 0T € 9 9T  1S8 6L
0801086 02 vJTE 18 ST 8 &I 16 €8 g oIr . 8L NYINATIM “10X3
T 166 -G68 8T 891¢ 88 €% T8 € 8rI T T2 € 89 U NOI93Y HOLVYDITV
¥T ® 7 SHdVIOONOW
IT O 6 or T €T 6 2 [e101 JO %%
€T #8699 OT 9/66E 765 655 89y €S 06. 62L 8IS €6CT TS 2101 |BAO
& 9 9 O9or 8§ €2 S 2 v [e101 JO 9%
€ 959-8/S ¥0 /€88 €9 t9 19 2. 88 0C 8 T 06¢ €3dAL E10L
€C 9T O 6 €T 9T vT S T [e10} JO %
€Z  088-06L S0 vgee 6 29 Y5 6, 0T 08 € 8 165 €Z3dAL EOL
7S o 6 8 6 €T T T 2 210} JO %
T /TSG-/826 ST GG/Te 2 €Ty €€ 26E 165 629 87 [6IT T6ip T 3dAL El0L
ATINO AIAANS 1S3V
€ Sy -/2 Z0 G60T € 6 AN T T Z v¢ 6L 105 JNOgYVH 180d
€ zZ Ot Z0 6'65 € T Z Z T T ot 6/ 1065 NOSH3LLVd 140d
€Z  EYT-L0T G0 os8yT T2 9T 6 8 8 9 8 v 08 6L WS NIMEVYA 140d
LT HdVEO0NOW
€ e 8T ¥0 i € € € v € 9. 6. bny PEVINVTI
€ 6 S0 86T € Z € T 6 6. bBny aAndv
€ A 20 €62 Z T T € L 6. Bny OV
€ € Z0 oSt T T T € 6. bny andv
€ g 20 L' T T € S 6. ‘bny Vv NIV
€ 2z Ot Z0 ges Z Z 2 1 € or 6L bny OIVMI
€ 9 Z0 g8e T Z € 9 6. Bny NSV 31adin
€ sz 11 €0 gey Z T € % T TT 6. bny INININIA
adAL spre| fisleg pfonrs 03 < /9 95 S € €2 H Bl ok wesAs
%56 SBBWO| 1Y Sse0 9z Ul SIeqUINN

qU00 ‘T ajdeL



Messdl and Vorlicek

oSy -T8e 9T GesT Tvr 9 8 & €5 o a9 19 €€ 6 SAVE IMINANNTN
EOIT  /TE €92 €T 9T € T ¥ 02 & ee 8 8 S Gl ® WVYHONIMONG
0T HdVH4OONOW
T2y 65 90 ZoBE 6y €€ 6 o &P 4 T 29 e 6. "d1S NOSNIHOLNH %2
€OIT  ZIZ 89T 0 e e ¥ a6 L2 6T T T €T 9 AVE HOVIHT ISV
6 HdVIOONOW
G/,4049/,
VTPt 8T [20v WT 19 29 9% /T ST /T ey 98I 6L TOOdHIAIT ONISN
€OIT 660766 GT 09Ty TIT TT € 9 9 2T 8T € 2L 9 LNg ONIM OLHLAG
L ®GT HdV4OONOW
962 e 0T ZesT 8 ST T Ie  Se €C GI 2 ¢ 6L ONIM
€OIT 96T 4T L0 geor /T 9 € 8 G € € v T 9 Ol IHYVDTINGONNN
L 8 G HdVIOONOW
18T -THT G0 968T G 6T ¥ 8T 9T S AN ar 6L TIATUATEN
LET €0T 60 €8 6l 9T 6 U €I € T ¥ 6L OONVONIL ® NYONOd
EOT 99 v 0 L8 T € § /L S Z 8 1§ < ‘OODNVNVHANY
9 HdVIOONOW
€®T SWOT-TeST ST 9629 ST S0Z 9T VT MT 06 66 /ST 20T 6L HALYMLIVS
X3TdINOD 94NOF0D
NOI93Y HOLVDITTIV
€ UT €T €0 T6/¢ € 6 6 G 2 Z T % 6 HALYMLIVS 7%
X3TdINOD 94NOF0D
T HdVIOONOW
adAL spo| fAsuleq pefenns ‘O3 /< L9 9§ S vE €2 H koL akd Wes/S
%056 SRPBWO|I'Y SEPIZK Ul SlequinN

o TalgeL



€OIT  ¥8692/9  OT 9/66E 765 685 89 €S 06L 62. 8IS 96Cl ¢S 6L'6L AHOL MY L
NYIHLHON
% €OIT /¥ €99 S0 /€6, 6. 0. S 69 68 65 6 €€ o 6.'8L AIVMISIM NIMEVYA
5 €0IT G¥EZS6IC €T 8050T €0¢ 88¢ G 18T /€2 T 60T 6l  8/ST 6L ITTATAIN TONI
z 94N090D OL
8 A4VMISYE NIMdva
7 €OIT  2¥Ze990E 9T VeSIT 99¢ T ¢S ¥ee I5€ 9  TIE 806  T€8C 6L aNv
= NIHNYY HLHON
€OIT /9 €89 S0 )6 W 6 99 69 T €S 69 85T 009 6.8 VI4VLNIdH VO
40 47N9
SIV1OL
201 95 o S0 e, o ¢ L Tz 9 4 T e 8L 1SVOD 1SaMm41N9
8 HdV4OONOW
€OIT  /9S -G6% 1T 6€8c 02 9% £ & 06 147 /9 9% sy 6L SHIFHD TVISVOD
® INTISAS H3dOY
€oIT  OIT 08 T0 gers 1T 8 O /T 6 Z T € 9 6 SNMOL " 10X3
1SVYOD HLNOS 471N9
€OIT  8ST OCT T0 /009 2 T a« ¥ 9 8 z 1€ 9T 6L 1SVYOD HLNOS 41N9
€T ® ZT HdVIOONOW
ovZe90s 9T vGeIT 99 T <8 22 2S€ 9  TIE 806 TE8C 6L ONIM OL ANV
€OIT  PgEzEze €T 8860T 6T /S 7 8T +9¢ OIE 9V €€ 18T G NIHNYY HL1HON
TTOL .S T HdV4OONOW
e0CT-/60T  6C osve 2. & € 5 6T 05 T9T TEE 0T 6L
€OIT  GZ8 -/EL 02 OWwZ 12 T2 ST € €6 % /8T 82 VI G AVE WIHNYV
TT HdVIO0ONOW
adA1L sp| Aslg pefenurs ‘03 /< L9 9§ S¥Y  vE€  €C2 H  EoOL akr(g wes/s

%56

SBBWO| Y

Ssep 8z Ul S,equnN

160

U0l ‘Ta|qeL



161

Messel and Vorlicek

€ T <T 80 6.T S T L T T 6. 'MON V13IVIAVYN
T 8 €T 09 1 T T Z T 6 6. 'MON Nvd
T T €0 Ge T T 6. 'MON 31071Nd
T OTE 85¢ 9T 660 ¢ 2 € gL  Ov 8y 5 8 102 6L NON 310Nna
T YO -7vE 2¢ /0T € v 8 8 24 g9 /9 €8 TIE 6, 'AON MOOTINIM
€OIT /7 B¢ 40 /66 O Of ST ST 1€ 8 G v 8aT Iv10L
eT 5 +4€ 0 L€l Z 14 9 € g g Z /2 6L udy Mona
eT 8 T0 79 € T € T 8 6. “udy 1939119
T o 2 €0 SvL T € € Z Z € 9 0¢ 6L "dy NILVVIS
T Z8T ot L0 ST ¥ € g A € 0g VAN T 6. udy NVSSYN
9T HdVYH49O0ONOI - ANVISNIINO
g 8 L or /T T €T & V10140 %
€0IT CSTIQOT €T €J2G 6y 89 € € /ST &SIl lZ 868 SAIALNS
1S31v11v10L
T 162 Sve IT '86 T2 8 TI 6L 0§ 6 /T +¥T 61 8. Anc ado
T aIT 48 60 089 Z 9 9 8 T T IT 1€ 26 8. A INEREREBIN[ES
€01Z ST -10T 0T e % S ¥ a €l T € S¢ 16 8. Arr SINYV NISYg
394039 '1S
(@rwWnse)
€01 | 52 902 vT €% 9 2T 7t 8T €€ 9 € € €’ 8. Arc OTANITO ¥
HILVYM I9H0TD
T ZrT 28 0T 9'8S v o1 g 8 zr o1 v ST v, 1. A 1N3IO3 IONIYd
€01z gIT 98 LT 09 € €T ST O 8T Z T or 2. . Arc SNV NISYd
(erWNS?) 394039 IS
Z 1. Iy 60 €68 Z Z 14 9 ot g L T L A d31NNH
T GZZ -18T 8T 9'59 L 9 8 T & 4 o 26 9AUT 1. A 304
T 8 95 60 L'y € 9 ¢ 8 ar 6 T 8 s L A TIIHOLIN
Z 29 OF 80 0'/€ 4 € g 8 9 % T e w2 A yeRI\"al
¥€ ® yZ SHodey - VITvHLISNY NY3L1STIM
adAL spro| Asleg  pefenrs ‘03 /< /9 9§ St v€ €2 H el Sl 2lg] wes/As
%656 SPeRPWO|IY SSe0 3Zs Ul SlegquinN

W00 Tal0eL



Messel and Vorlicek

162

"(1X21 93S) 0S| UBAIB SI Aemusiem Udes Jo LUoNeoljssep d A L8yl uesald sBuljyorey-Uou Jo Jsquinu [enioe
3U)} JO SIEWIISS BU) JOJ SHILUT| SOUBPILICO %456 U SJe Se ‘UMOUS S! 31 U Ppelybs S31p000.0 Buljydley-Uou Jo A1SUsp pue peASAINS SOUBISID WeSIISPI 8y

oO € v 9 g1 12 12 ar IV1OLH0 ®

€®T ESHOTSH6 60 /79 T, ¥ 8 v ST €I ST 6IT G2 6L ANVISNIANO V101

T /S -G L0 ozr 8 L Z 9 S € 1€ 6L MON Idvos3

€®T 98/ 9 8T OTl/e € L TT 92 6 GIT 0T ZIT 95 6/ AON JAVHOSNIN 1H0d

adAL spe| fAsleg pefonurs ‘03 A< 19 9GS S v€ €2 H  EoL ared Wes/s
%56 SIBPWO| 1Y Sse[0 8zks Ul SiequinN

0D TajdeL



Messel and Vorlicek 163

Table 2. Number of C.porosus sighted within each size class on tidal waterways of the southern Gulf of Carpentaria during
night-time spotlight surveys carried out during 1979 and 1985.

Numbers in size class
95%

System H 23 34 45 56 67 >7 EO Levels TYPE

MONOGRAPH 12

Limmen Bight
May 79 19 1 1 3 8 3 2 1 1273 01 21- 39 2
Oct. 85 312 2 1 4 7 4,4 1213 02  37-59
Towns
May 79 55 28 1 6 7 7 2 3 1 572 05 34- 54 2
Oct. 85 28 1 1 5 9 2 7 3 572 05 35- 57
Nayarnpi
Oct. 85 5 2 3 179 03 5 3
Roper
May 79 439 126 67 41 86 39 34 26 20 2628 12  477-549 1
Sept. 85 405 4 134 43 52 31 34 3 30 2628 14 554630
Yiwapa
May 79 9 4 2 3 146 06 9 3
Sept. 85 5 1 1 3 146 03 5
Mangkurdurrungku
May 79 2 2 65 03 2 3
Sept. 85 0 65 0 0
MONOGRAPH 13
Wearyan
May 79 4 2 1 1 44 01 4 2
Sept. 84 5 1 1 3 344 01 5
Fat Fellows
May 79 1 1 110 01 1 3
Sept. 85 1 1 110 01 1
Gdlileo
May 79 0 80 O 0 3
Sept. 85 0 80 0 0
Archimedes
May 79 3 1 1 1 64 05 3 3
Sept. 85 0 64 O 0
Faraday/Davy
May 79 1 1 262 004 1 3
Sept. 85 262 0 0
McArthur
May 79 28 2 3 6 4 5 8 2326 01 35- 57 1
Sept. 85 48 2 14 1 3 1 5 9 13 2326 02 61- 89

& Treat with caution as this number probably includes C.johnstoni.



ECOLOGY OF CrocodylusporosusIN NORTHERN AUSTRALIA

Harry Messdl and George C. Vorlicek (deceased)

Department of Environmental Physics, School of Physics,
University of Sydney, New South Wales 2006, Australia

Much of the information which follows was obtained during the 15 year study of Crocodylus
porosus in northern Australia, by various researchers of the Universty of Sydney Crocodile
Research Group.

C.porosus ranges from Sri Lanka and the west coast of India through south-east Asia, across
to the Philippines and down through the idands to New Guinea and northern Australia (Fig. 1).
The species is regarded (generdly) as that crocodilian which most readily takes to the sea
(Ditmars 1910, Smith 1931, Loveridge 1945, Wermuth 1964, Neill 1971, Guggisberg 1972, Brazaitis
1973) and itswide distribution is attributed to an ability to make long seajourneys (Wermuth 1953,
Neill 1971, Brazaitis 1973, Webb and Messel 1978). Its reputation for sea travel is based on
sightings at sea (Hornaday 1926) and on the appearance of individuals well away from known
populations (Neill 1971). A 3.8 m male C. porosus was found at Ponape, Eastern Caroline Idands,
some 1,360 km from the nearest population (Allen 1974), while a 3.2 m mae with a telemetry
transmitter travelled 130 km, of which 80 km was aong the sea coast (Webb and Messel 1978).

The species reaches the southernmost limit of its range in Audrdia (Fig. 1). Here it is
restricted to the coastal regions of the far north in Western Australia, Northern Territory and
Queendand (Cogger 1975). It occurs primarily in rivers as far upstream as tidal influence extends,
but is found also in swamps (fresh and salt), billabongs, lakes and non-tidal rivers up to 150 km or
more, inland (Messel, pers. obs). Crocodylus johnstoni, Australids only endemic species of
crocodile, overlaps the range of C. porosus in fresh water and aso can be found in the saltwater
sections if the dendity of C. porosusis low (Messdl et al. 1978-1986,1:459).

The two species can be easly distinguished; the snout of C. johnstoni is narrow in comparison
to that of C. porosus.

The habitat in Australia for C. porosus is generally much drier and more inhospitable than in
wetter areas of Asia like Papua New Guinea, Malaysa and Burma. Swamp as habitat is much less
dgnificant than it is in Papua New Guinea for example.

HABITAT

Messel et al. (1978-1986) give detailed descriptions of rivers surveyed from the Kimberley
region in Western Australiato Cape York Peninsulain Queendand. Taylor (1979) presents a usgful
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classfication of habitat types found on the coastal rivers in the Northern Territory and we now give
this, with some additional habitat types.

Lowe Mangrove - This habitat is characterized by long soping banks of soft mud, with mangrove
species the only riverside vegetation. Such habitat is found in the downstream sections of dl rivers.
Sdinity in these areas is between 20 and 35°/00.

Floodplain - Foodplain is characterized by open plains, abutting the river, of the grasses
Ischaemum villosum var. australe, Imperata cylindrica var. major and Coelorrachisrottbellioides,
and/or the sedges Cyperus spp. and Fimbristylis spp. Smal mangroves Avicennia marina and
paperbarks Melaleuca acaciodes sometimes form a sparse line aong the river edge. This habitat
occurs in downstream sections of al rivers studied (salinity: 20-35°/00) and is often associated with
lower mangrove habitat.

Upper Mangrove - Upper mangrove is characterized by strand communities in floodplain or sparse
mangrove areas. The communities are commonly composed of pams Corypha elata, ferns
Acrostichum speciosum, and the vinesDerristrifoliata and Flagellaria indica. River banks in this
habitat may be steep with a substrate of firm mud. This habitat occurs in the upper reaches of the
Tomkinson, Liverpool and Cadell Rivers (salinity: 0-20°/00).

Freshwater Svamp - This is characterized by freshwater seepage. Swamps, with water depths
ranging from 10 to 300 cm, commonly contain the melaleucas M. dealbata, M. leucadendra, M.
viridiflora, the sedgesBaumea rubiginosa and Scirpus sp., and water liliesNymphaea gigantea.

Freshwater swamps often drain into the main river by way of small creeks. The area of
swamp may drastically recede during the dry season.

Floodplain Billabongs - These are beside the river and fill from either abnormally high tides or
wet season rains. They often contain brackish water and may dry out completely during the dry
Season.

Eucalypt Fored - Thisis characterized by the presence of steep earth banks, lined by sparse forest
of Eucalyptus miniata and E. tetradonta with an understorey of the broad-leaved grasses
Heteropogon spp., Coelorrachisrottbellioides, and Themeda australis. Few plantsarefound at water
level and no mangroves are present. This habitat is found on the upper reaches of the Liverpool
and Blyth Rivers (salinity: 0-5°/00), for example.

Sand-Phragmites - This habitat, found, for example, on the upper reaches of the Liverpool River
(sdlinity 0-5°/00), is characterized by sandbanks. Abutting these are areas of Phragmites karka,
Acadiaauriculiformesand Pandanusaquaticus.

Exposed Shore Communities - This category is a catch-all for the many dry exposed habitats, often
with sharp rdlief, found near the coast and including beaches, rocky foreshores, diffs and rocky
areas around creeks.

Webb (1977) gives a generalized description of the Liverpool River Sysem, which exemplifies
many characteristics of TY PE 1 rivers (see sdinity classfication below).

The river can be divided into tidal and non-tidal sections. The non-tidal section flows through
the rocky Arnhem Land plateau for some 120 km. The river here is narrow, contains fresh, clear
water and flows mainly on substrates of rock or sand. The river may expand into swamps, which are
typicaly lined with Pandanus, paperbark (Mdaleuca sp.) and eucalypt forest. By the end of the dry
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season, water flow may cease and the river can become a string of isolated water holes. Small
numbers of C. porosus are found in this freshwater section of the river. Individuals are darker in
color than those from the tidal section; some are black on the dorsal surface. This habitat is more
typicd of C. johnstoni, the freshwater crocodile; the interaction between the two species has not
been studied in detail (but see Messdl et al. 1978-1986,1-3,16, and Webb et al. 1983).

In the Liverpool River, the demarcation between tidal and non-tidal sections occurs at the
edge of the escarpment. The banks of the tidal section are mainly mud. They are lined with either
mangrove forest or floodplain grasses and sedges. There are two tidal cycles per day and tida
range is about 3 m. The water in the tidal section is usualy saline and some 20 km upstream
appears to be a drowned river vdley; the river course fixed by geologica structure. Further
upstream, the river meanders through an extensve floodplain and there is continual erosion of one
bank and deposition on the other.

During the wet season, the non-tidal section of the river receives the runoff from alarge area
of the escarpment. Water levels rise and there is usualy widespread flooding of the tidal section
and a flushing of saline water from the river. We have recorded essentially fresh water at the
Liverpool River mouth in the wet season.

With the cessation of rain, tidal influence extends back up the river and a salt wedge gradually
moves upstream. By the end of the dry season the water is brackish at the upper limit of tida
influence. Most C.porosus are in the tidal section of river.

The habitat types described are very much generalized. In other rivers, the proportion of one
to the other may change considerably. For example, the tidal sections of the Woolen (Messdl et al.
1978-1986, 9) and King Rivers (Messdl et al. 1978-1986, 5) are drowned river valeys into which the
upstream non-tidal sections drains directly, i.e., there is virtualy no meandering flood plain river.
In Andranangoo Creek (Messdl et al. 1978-1986, 6) on Médville Island, there is no sharp
demarcation between tidal and non-tidal. As one moves upstream the environment gradually
changes from mangroves and mud to Pandanus and paperbark. In addition, large areas of the
bank are composed of freshwater swamps. Inrivers like the Glyde (Messel et al. 1978-1986, 9, 18)
the tidal section peters out in a massve area of freshwater swamp (the Arafura Swamp), into
which flows a freshwater river, the Goyder. This latter river resembles the upstream freshwater
billabongs of the Liverpool River. In the Mary River, the cessation of wet season rains, and
subsequent drying, leaves large closed flooded plain billabongs and only a very minor flowing
creek. Inthe Buckingham River (Messel et a. 1978-1986,10), the demarcation between tidal and
non-tidal sections of the river is sharp, alarge diff face.

SALINITY

Andyss of the number, distribution and size structure of crocodiles sighted during the
general surveys of northern Australian tidal systems indicates that one of the most important
parameters characterizing a tidal waterway is its sdinity profile.  The profile and habitat type
image one another and appear to largely determine the suitability or otherwise of the tida
waterway for breeding, nest and rearing. We roughly classfied the tidal rivers and creeks on the
northern Arnhem Land coastline into three different types of waterways. This classfication plays a
critica role in the unraveling of the dynamics of populations of C.porosus (especialy see Messdl et
al. 1978-1986, 5,9-11) and isgiven by:
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TYPE 1 - Tidd river sysems meandering through coastal floodplains and having a heavy
freshwater input during the wet season. The freshwater inflow decreases but remains sufficient, as
the dry season progresses, to prevent the sdinity upstream (though progressing upstream
gradually) from rising above the sea water vaues measured at the mouth of the sysem. Such
sysems usualy have good to excelent nesting habitat and could be expected to have good
recruitment potential. The Goomadeer River Systemn was dassfied as such a system (Messdl et al.
1978-1986, 5).

TYPE 3 - Tida waterways which also have a heavy freshwater input during the height of the wet
season, but in which the freshwater input drops rapidly with the onset of the dry season. These
waterways, which usualy have short surveyable lengths and often direct openings to the sea, are
typified by salinities which during the dry season are above those measured at their mouths and
which increase with increasing distance upstream - they are hypersaline and become increasingly so
as the dry season progresses. Nesting habitat in such sysems is minimal or non-existent.
Recruitment potential is aso usudly low or non-existent. All Night Creek (Messdl et a. 1978-1986,
5) is an example of such a system; most of the coastal creeks surveyed on the southern coast of the
Gulf of Carpentaria also fdl into this category (Messdl et al. 1978-1986,13).

TYPE 2 - Tidal sysemswhich fdl somewhere between TY PE 1 and TY PE 3 above and which tend
to show hypersaline characteristics as the dry season progresses. Such systems usualy have good
to poor nesting habitat and equivaent recruitment potential depending upon how close they are to
TYPE 1 or 3 above. The King River (Messdl et a. 1978-1986, 5) and Dongau Creek on Médville
Idand (Messdl et al. 1978-1986,6) are examples of such systems.

It will be seen that each of these three system types has its own characteristic type of sdinity
variation, both in respect of time of year and distance upstream, and that the salinity characteristics
largely determine the nature of the system. Figure 2 shows typica dry season sdinity profiles for
the three system types. The sdinity profile of a sysem may be said to be its own unique signature.
A large river syssem may have multiple signatures, one for its mainstream and different signatures
for its creeks and subcreeks.

CLIMATE

Rainfall - The climate shows two digtinct seasons. The ‘wet’ season (November to April) is
associated with the north-west monsoon. The ‘dry’ season (May to October) is a period of
infrequent or no rain. It results from a more northerly extension of anticyclonic weather patterns
across the Australian continent during the winter months. During the ‘dry’ season, south-east
trade winds of up to 30 knots are prevaent over the study area.

As an example of climatic variations over a year, we give some datafor the Blyth-Cadell study
area (Messdl et al. 1978-1986, 1) where the most extensive population studies have been carried
out. Mean annual precipitation is 1,141 mm at Maningrida and 1,143 mm at Milingimbi. Seasona
rainfal distribution and number of raindays per month are shown in Fig. 3.

A heavy build up of cumulus cloud occurs in October before the monsoon arrives. During the
wet season, the rivers often flood for periods of up to several weeks. Peak flooding usually occurs
between January and March.
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Figure 3. Mean annual number of rainy days, rainfal regimes, mean relative humidity and mean
maximum and minimum temperatures at Maningrida and Milingimbi meteorologica stations,
which are adjacent to the study area.
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Temperature and Humidity - Seasona fluctuations in relative humidity and mean maximum and
minimum monthly temperatures for weather stations at Maningrida and Milingimbi are aso
illusrated in Fig. 3. In the study area, temperatures remain high throughout the year. High
rainfall and heavy cloud, common during the ‘wet’ season, produce high humidity and lessen
extremes of temperature.

Twenty-four Hour Temperature M easur ements - Twenty-four hour temperature profiles of the air
(1 m above ground), water and substrate (exposed mud 1-2 cm depth) were measured 32 km
upstream from the mouth of the Blyth River (in an area having the highest density of C. porosus).
Temperatures were recorded at hourly intervals during four seasons (Figs. 4-6; note that substrate
temperatures are not shown).

During the wet season, the water temperatures remain constant, 30£1°C. During the dry
season, water temperatures steadily fdl until they reach about 25°C during June and July (however,
water temperatures as low as 21.9°C were recorded at km 45 in July 1976), begin to rise again and
dowly approach 26°C in September and 29°C in October. Water temperatures dightly lag air
temperatures. Air and substrate temperatures also showed diurnal and seasonal changes. Night
temperatures down to 12.7°C were recorded during the dry season.

Considerable variation in both air and water temperatures may occur over a few days. On 14
June, 1976 (Fig. 4), air and water temperatures fluctuated between 20-28°C and 25-26°C,
respectively. By June 21, after a cold snap, air temperatures had fallen to between 13-24°C, while
the temperature of the water had dropped to around 24°C. Similar fluctuations can be seen on the
temperature profiles for 22 and 25 September, 1976. The large differences after midnight between
air and water temperatures can give rise to heavy fog on the upstream portions of the rivers.

NESTING

C. porosus deposit their eggs in a mound nest which may be constructed from a variety of
vegetable debris, with varying proportions of mud, dirt or even sand. The vegetable debris,
including leef litter, rushes, roots, sticks, reeds, grasses, often living green materials as well as dead.
Floodplain nests are usudly constructed principally of the grass|schaemum australe var. villosum,
if available. The feet and tail are used to scrape up vegetation and the mouth is aso used. The
nest is compacted and takes one to severa nights to construct. Vegetation and soil from an area
up to 70 m* israked together. On completion the nest often has distinct tail groove across the top.
Typica dimensions of anest are 0.5 m high, and 16 m in diameter.

Nest sites are typicdly sdlected close to permanent water. With the exception of nests
constructed in large or small freshwater swamps, off from the downstream high salinity sections of
the waterways, or on upstream swamps and/or billabongs, al the other nests appear to be
constructed on those sections of the waterway which are brackish by June or July, with salinities
around 1 to 10 parts per thousand. These sections are of course completely fresh during the wet
Season.

It isnot clear why there are no nests on the downstream mouth sections of tidal rivers. Nests
in swamps have the greatest chance of survival and swamps must be considered optimal habitat for
nesting.
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Figure 4. Twenty-four hour temperature profiles of the air (1 m above ground level) and water.
Temperatures were recorded a hourly intervals. All measurements were taken at km 32 upstream
on the Blyth River (except November profiles which were taken a km 3.6) during 1975 and 1976.
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Figure 5. Twenty-four hour temperature profiles of the air (1 m above ground level) and water.
Temperatures were recorded a hourly intervals. All measurements were taken at km 32 upstream
on the Blyth River during 1976 and 1977.
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Figure 6. Twenty-four hour temperature profiles of the air (1 m above ground level) and water.
Temperatures were recorded at hourly intervals. All measurements were taken at km 32 upstream
on the Blyth River during 1978 and 1979.
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Webb et a. (1977) describe a number of nestsin the Liverpool-Tomkinson area. Nests were
built in open grassplain with no shade or protection, beneath smal shrubs with only little
protection from the sun or wind, beneath dense shrubs and in forests and swamps where they were
amog continually shaded and protected from wind, or on one side of a forest where they were
completely shaded during some part of the day and either protected or exposed to prevailing
winds. Most nests are built on a rich, black, floodplain soil. Riverside nests are not found in
mangrove forests. Most are on concave banks where the river comes close to or abutts the
adjacent floodplain, or on the floodplain behind the mangroves. One was located on sandy sail in
the upper reaches of the river and the remainder were in swamps. A considerable part of most
nests was soil, the vegetation being mixed with wet mud during construction. The adult sometimes
packed mud onto the nest after the eggs had been laid. Nests in swamps were on a peat-like tangle
of roots and debris which formed the swamp floor. This substrate is spongy and the nests were
built againgt, or close to, large trees (usudly Melaleuca sp.), the roots of which provided a stable
foundation.

Associated with most hon-swamp nests are a number of wallows; the adult will often lie in
these. On occasion the female can be seen lying over the nest. Female C. porosus in the wild do
not appear, in northern Australia, to defend their nests against approaching humans and usudly go
straight to the river when approached.

Egg laying probably takes place soon after the completion of the nest. Eggs are deposited in
a cavity within the central area of the nest mound. The eggs are laid in rapid succession, the
crocodile often using her rear legs to guide them into the chamber. No egg layering is apparent.
On completion of egg laying, the opening to the nest cavity is covered over and packed down. The
egg cavity is usudly deep, with a distance of about 20 cm between the top of the nest and the top of
the eggs. Nests without eggs are not uncommon and are not understood. Some of these nests are
small with no permanent wallow, whereas others are complete and in all respects resemble nests
with eggs. Some may be found adjacent to nests with eggs, suggesting that they are some type of
"tes" nest. Others are not associated with nests containing eggs. The more likely explanations are:

1. They are made by adolescent C. porosus, i.e., “practice” nests

2. They are fdse starts where conditions at the site were not suitable for completion or
changes in weather stopped nest construction.

3. They were intended for eggs and abandoned because of human or other disturbance.

Two unusual nests were found on the Liverpool River (Messel, pers. obs.). The firg nest was
constructed of grasses and sand only and the eggs were deposited just below the surface, on the
side of the nest. Some of the eggs were showing. About a kilometer further upstream a second
strange nest was discovered. Rather than congtructing a mound, this female had dug and
deposited her eggs in a chamber in the black soft soil. Only a smdl amount of grass was piled over
the chamber.

C. porosus eggs are hard-shelled, white and develop an opaque ring of heavily clarified shell
around the middle of the long axis of the egg if the embryo is dive. This provides the embryo with
its vital supply of cacium. Egg numbers average around 50, with typicd weight, length and width
of 110 g, 8 cm and 5 cm respectively. Some nests, however, contain tiny eggs, averaging around 65
g. Smal femaes may build smal nests and lay small eggs.

C. porosus nesting is essentidly a wet season ectivity, possibly triggered by rising
temperatures, however, late nesting in the March-April period, after the peak of wet season
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flooding, is common. Courtship and mating begin in the late dry season (September to November)
and probably occur throughout the wet season; the time between mating and egg laying may be
four-six weeks. Nest construction and egg-laying may occur between November and May, with the
peaks being in the January-February and March-April periods. The latest nest we have found was
laid down sometime in June. The incubation period is temperature dependent and averages
around 90 days. Interna nest temperature vary diurndly (Webb et a. 1977), with mean daily
temperatures varying from 27°C to 33°C, depending on what time of year the nest is constructed.
Nesting gtill incubating at the beginning of the dry season have lower temperatures. Temperature
of incubation influences the proportion of males hatching: the higher the temperature the higher
the proportion of males.

The femae apparently remains near and guards the nest for much of the incubation period
and will repair any damage. The femde does not attend the nest continualy for the entire
incubation period, but frequently leaves it for short intervals. She assists the hatchlings by opening
the nest (which sometimes has a hard-baked exterior), probing with the snout and digging with
fore and hind limbs, in response to their caling within (a high pitched nasa “gn- arr”). The
hatchlings use the caruncle, a protruberance on the end of the end of the nose, to dice their way
out of the egg.

At least some adult C.porosus remain in the water with grouped hatchlings (a creche) for up
to and possibly more than two months but creche formation is apparently the exception rather than
the rule in many rivers of northern Australia (Messel et al. 1978-1986, 1:332), and may vary with
river type and parental age. In 1979, we found seven creches on the Peter John River (Messdl et
al. 1978-1986, 11:34) and only two on the Goromuru (Messel et al. 1978-1986, 11:11). Could it be
that the young females do not provide parental care and only do so gradualy, as they get older?
Since the badly depleted C. porosus population in northern Australia would have a mgority of
young parents this might account for the lack of creche formation in many cases. Age dependent
parental behavior has not been reported before and would be difficult to explain. However, to
date no aternative explanation has been found. (Parental care could dso depend on the
population density, with more care occurring a higher densities) The breeding age for males
might be a minimum of 12 years, and for females, 10 years, though females as young as 7 years
have nested on farms apparently (Grigg pers. comm.).

Magnusson (1978) reports some experiments on hatchling vocalization and concludes that there
is little doubt that hatchling cadls group hatchlings in fidd. He suggests that, in the absence of an
attending adult, dispersal of hatchlings may be an advantage.

A high proportion of nests are lost due to various factors. The main losses are due to
flooding of nests, with subsequent drowning of the embryos. In some areas up to 90% of nests can
be destroyed by flooding. Predation on C.porosus eggs does not appear to be significant. Monitor
lizards appear to be the main predator, with wild pigs also occasonaly destroying nests and eating
eggs, as do native rats. Aboriginas gill also take eggs as atraditiona part of their diet. Birds take
atoll of just-hatched hatchings making their way to the water.

A fuly successful nest may be defined as one in which each of the 50 eggs produce one
hatchling in the river at hatchling time. Nests may be successful to varying degrees because of many
different causes, some of the eggs may be broken, others destroyed by predators; eggs may not be
fertile or the nest may be inundated, killing various fractions of the embryos, depending upon the
flood level. Undoubtedly flooding causes the greatest full or partial loss of nests. However, the
fraction which are lost in this fashion various from year to year and from one river to another.
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On river systems (Messdl et a. 1978-1986, 2-4, 12, 13 and 16) where it is sometimes possible
to estimate the minimum number of nests from which the hatchlings were derived, the loss factor,
from eggs in the nest to hatchlings in the river, appears to be in excess of 90%. It is at this stage of
the recruitment cycle where the mgjor losses appear to occur. Once hatchlings are in the river,
losses appear much less drastic: some 29% over the mid-dry season, followed by a further loss of
some 31% over the ensuing nine months (Table 8.4.1, Messel et al. 1978-1986,1).

Cannibalism of hatchlings is also another factor that could be important (Messel et al. 1978
1986, 14:43), and would be density dependent. One thing is certain, however, and that is that
major flooding leads to the catastrophic loss of nests and in those years hatchling recruitment can
only come from freshwater svamp nests and late March-April riverside nests. Were it not for the
long nesting period, from early November to mid April, it is unlikely that C. porosus would have
aurvived for long on the northern Arnhem Land coastline. In areas such as Papua New Guinea
with much more extensive swamp habitat, the situation is different.

The proportion of adult femae population that nest annually is poorly known. There is
evidence to suggest that some females do not nest each year (Messdl et a. 1978-1986, 18:122-124).
There is adso some evidence that a small proportion of wild females may nest twice in any one
season (Webb et a. 1983) and this had aready been suggested by Messdl et al. (1978-1986,18:122).
Could it be that food supply is the proxima factor involved and that it is the condition factor of the
femaes which determines whether she nests once or twice annualy, or not a al, and when the egg
laying occurs?

There are ill a great many questions to be answered on nesting and undoubtedly these
include the hardest ones. On the Blyth-Caddl and Liverpool-Tomkinson River Systems, which
have been studied for more than ten years, there are a number of puzzling questions (Messel et al.
1978-1986, 1, 7, 18). For example, in the early to mid-seventies most hatchling recruitment
occurred on the Liverpool; since 1976 most has occurred on the Tomkinson. The habitat has not
altered and both rivers appear to have dmost the same number of large animas. Further, a
relatively dry wet season, with little or no flooding is not invariably followed by heavy hatchling
recruitment (see our Chapter on Population Dynamics of C. porosus).

Webb et a. (1983) examine nesting in a perennial, somewhat eevated, freshwater swamp
connected to a meandering tidal floodplain river and in perennia floodplain river channels where
floating mats of vegetation overlie freshwater. Nests are constructed on the floating mats.
Considerable attention is paid in that paper to embryo mortality and its causes, as wel as to the
detailed structure of the vegetation.

Habitat required for nesting by C. porosus has been described by Magnusson (1978, 19808 and
he has also discussed mortality of eggs (1982) and creche formation (1980b).

FEEDING

A study of the food items taken by 289 hatchlings and small crocodiles has been made by
Taylor (1979), who developed a method of removing stomach contents from these crocodiles
without sacrificing the animals (Taylor et a. 1978). Her studies indicate that the food items of
hatchlings and smdl crocodiles predominantly consist of Crustacea (crabs and shrimps) with
smdler proportions of spiders and vertebrates. She aso found that crocodiles >4 in length ate
sgnificantly more birds and mammals than crocodiles <4'. She suggests that the diet of C. porosus
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reflects the local availahility of prey - an apparent exception was the absence of fish and fiddler
crabs in the diet of C.porosus from habitats where these animals are abundant.

Her suggested explanation for the surprising absence of fish in the diet of hatchlings and
small crocodiles is that in most instances, these size classes are not sufficiently agile to capture
surface fish.

Observations on the Blyth-Caddll system (Messel et a. 1978-1986, |:Chapter 7) showed fish
being taken by juveniles and many attempts being made to catch them. Mogt of Taylor's animals
were <1.0 m in length and most of the Blyth-Cadell observations were for animals 1.0-12 m in
length. Undoubtedly C. porosus becomes more adept with age at catching fish. The typica way
for crocodiles up to 4-5' to catch prey was by snapping sideways or by ‘arch-lunge’ feeding. In the
arch-lunge method the crocodile arches its body and then lunges straight forward at considerable
Speed.

Larger juveniles (>1.2 m) take an increasing number of vertebrate prey. In the river, birds
and mammals are not as abundant as crabs and prawns, and must be specificdly hunted. The
behavior associated with hunting has been observed a number of times and is the same as
sometimes reported during attacks on man (Webb et al. 1978).

The crocodile sights or hears a disturbance from a distance and move towards it on the
surface until it appears to sight the prey. It then orients its head toward it, dives and swims
underwater to where the prey was. The head usually emergesjust in front of the prey. If the prey
is a bird moving aong the edge of the bank, the crocodiles emerge where the prey was when the
crocodile dived, i.e., they do not seem to be able to anticipate lateral movement of the prey.

Frequently, the prey escapes when the head emerges, however, if it does not, the crocodile
either lunges forward with the jaws agape or snaps sdewise.

A common method for capturing small fish, employed by C. porosus 3-6' in length, was often
observed for a3-4' individua living directly across from the research vessdl at km 32 on the Blyth
River (Messdl et a. 1978-1986,1:453). The crocodile swam within inches of the banks, against the
running tide, so that fish passed between it and the bank. The tail was used to block the passage of
the fish, and would curl quickly inwards towards the bank, the head would swing simultaneously
towards the bank and snap at the fish. Usudly, severa attempts are made before a successful
capture. On other occasions, the crocodile smply swam dong the bank againgt the tide, with its
mouth open and snapped at fish as they ran into it.

Adults appear to show opportunistic selectivity in their feeding habits. The normally attack
anything over a given minimum size. The types of prey found or reported in adult stomachs are
birds, snakes, lizards, turtles, fish, large crabs, other crocodiles, walabies, buffdo, cattle, and
virtually any mammal which comes near the water's edge. Flying foxes are reputed to be a favorite
delicacy and we have often found crocodiles in the mangroves benesath flying fox colonies (Messel et
al. 1978-1986, 2:color plate 2.17, (5:60). Large crocodiles may be cannibalistic and hatchlings and
small juveniles have been found in their stomachs (Messel et al. 1978-1986,14:43).

C.porosus aso appear to have a predilection for magpie geese (Messel et a. 1978-1986,
|:Chapter 6, 6). InAppendix A1.3 of Messd et al. (1978-1986,1) some opportunistic observations
on crocodile feeding are described. A 6-7' crocodile was observed to leap out of the water and
catch amullet; a 3-4 m crocodile was observed to catch and kill a1 m shark. Other items that have
been observed being taken include egl's, mangrove snakes and cormorants.
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Feeding was observed to occur during the day and at night, the crocodiles feeding when food
was available, on both rising and faling tides.

Extensive night-time observations of feeding during surveys of crocodile numbers led to no
obvious relationships between environmental variables and feeding. There was an indication that,
on the sections where growth appeared to be dower, there was more activity directed towards
catching food items. On these same sections the percentage of small crocodiles sighted feeding is
twice that of hatchlings, probably indicating only that small crocodiles require more of the small
food items such as prawns.

DISTRIBUTION OF ANIMALS

Movement of animals will be discussed aso in the chapter on C. porosus population
dynamics. Here we characterize briefly typical distributions of C. porosus on tidal waters. Each
monograph in the series by Messel et al. (1978-1986) includes histograms of the distribution of
night-time sightings along the waterway, for each size class.

Webb and Messel (1978) discussed the distributional pattern of crocodiles on the Blyth-
Caddl Rivers System in a preliminary fashion and referred to the near normal (bell-shaped)
distributional pattern of hatchlings and 2-3 crocodiles around the nest sites. They also referred to
the further downstream movement, relative to the nesting site, of the 3-4' and 4-5' sized crocodiles
and concluded that there were many factors which could presumably affect movement and
dispersal patterns of both adult and juvenile C. porosus. The results obtained from the Blyth-
Caddll study (Messel et a. 1978-1986, |:Chapter 6) demonstrate that those crocodiles which do
remain in the river systlem are distributed along it in a quite definite fashion. The position of the
peak of the distribution (mean distance upstream) varies for each size class and is roughly inversely
proportional to size: the mean distance upstream of the hatchling peak is greater than that for 2-3
Szed crocodiles; in turn, the mean distance upstream of 2-3' sized crocodiles is greater than that
for 3-4' crocodiles. The pesk is till quite distinct for the 4-5' size class but is not so evident for the
56 gze class and specidly not for larger crocodiles, which appear to be more evenly distributed
aong theriver.

Aswe show incontrovertibly in our chapter on C.porosus population dynamics, some 80% of
crocodiles in the sub-adult classes are logt from the Blyth-Cadell Rivers System. We aso show
that the same occursin other TYPE 1 river systems (Messal et al. 1978-1986,10-12). On thisbasis,
the distributiona pattern of crocodiles in size classes > (2-3') is more readily understood. The
gradual shifting of the distributional peak downstream, of crocodiles in the 2- 4, 45 and 56 sze
classes, may be understood, at least in part, on the basis of these crocodiles being on their way out
of the river system, as they are forced gradually downstream by the large crocodiles, which are
more evenly distributed aong the river sysem. The long distance movers of Webb and Messel
(1978) are dso easily explained; they are presumably largely (but not solely) that fraction of the
respective size classes, which are forced to leave the river - hence the increasing number of long
distance moverswith increasing size of sub-adullts.

Food supply and sdlinity, which appear to be closdy related, undoubtedly also play arole, for,
as Taylor (1979) has shown, the diet of C. porosus changes as the animal increases in size. Whether
or not food supply and/or sdinity are the proximal factors involved, it is a fact that the peak of the
distributional curve appears to be centered around the brackish sections of the river, especidly in the
changeover zone from sdlt to fresh water. On the Blyth River, this occurs on the km 30-35 section.
Normal end of the dry season sdlinities on this section are close to 10°/00. As soon as one reaches
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the freshwater region of the river, typified by the fringing riverside vegetation, the number of
crocodiles sighted drops drastically. This is the norma situation for TYPE 1 rivers. However, if
thereis extensve swamp adjoining the upper reaches, the density may in fact increase. Examples of
such rivers are the Glyde and the South Alligator. Where there are extensve swamp areas there is
major movements between the swamp and tidal river (Messel et al. 1978-1986, 4, 14, 18,19); Jenkins
and Forbes 1985) as the dry season progresses.

The digtribution on short TYPE 3 systems is usudly even. In the Chapter on Population
Status and Conversation we will give detailed information on the densities on animas on the
various waterway TY PES.

Not many small crocodiles are seen in the wide open mouth sections of rivers where there is
rough water and wave action. They appear to didike rough water.

SALINITY TOLERANCE

During the course of the crocodile survey program of the University of Sydney many
observations of C. porosus in water considerably more saline than seawater have been made. The
highest reading to date is 78°/00, where a (4-5') C. porosus was sighted (Messel et al. 1978-1986,
18:140). Messdl et . (1978-1986, |:Section 7.3) give details of many more observations of crocodiles
of al sizes, including hatchlings, in hypersaline waters. These field observations indicate that C.
porosus are able to tolerate very high salinities but probably for short periods only. The discovery of
lingual sdt glands in C. porosus (Taplin and Grigg 1981) revedled the mechanism for removal of
excess salt. It is, however, still unclear whether prolonged exposure to high sdinities will increase
mortality, especialy in hatchlings. Messal et al. (1978-1986, 1:376) describe the observation of a
number of hatchlings (n = 11) in salinities of up to 50°/00, but a resurvey three weeks later showed
only two (one in 50°/00 sdlinity). It is unknown whether the missing animals had died or moved out
because of the hypersdinity. To test the tolerance of hatchlingsto very high sdinities, 20 hatchlings
were captured on the Tomkinson River, measured, marked and released on Mungardobolo Creek at
km 25.3 on July 19. Mungardobolo Creek drains into the Tomkinson and is highly hypersdine
(Messdl et al. 1978-1986, 7). During the general resurvey of the Liverpool System on October 19, no
hatchlings were sighted. The thirteen non-hatchlings sighted were in low tide salinities varying from
38°/00 to 58°/00. No hatchlings were sighted on the Liverpool and Tomkinson Rivers on either side
of Mungardobolo Creek for several km. A further exhaugtive search for hatchlings was made by
Laurie Taplin (see below) in November. On the night of November 12, a femae hatchling No. 1842
was recaptured at km 21.9 on the Tomkinson River. This meant that it had travelled a distance of
13.2 km from its release point. It was in excdlent condition. It thus appears likely that of the 12
hatchlings, al except one were predated (most unlikely) or perished because of the high sdinity.
Our results differ from those of Magnusson (1978) who suggests that hatchling mortdity is not
affected by high salinities, however, it should be noted that his results were obtained on waters which
were not hypersaline.

A mark-recapture study by Grigg et a. (1980) on the Tomkinson River showed little signs of
distress in hatchlings that were in st water for periods of up to 4 months. However, the sdinity in
their study area only varied from 25-34°/00 and so was not hypersaline.

Taplin (1982) characterizes C. porosus as not only a remarkably efficient osmoregulator but
also the most euryhdine reptile known to date. At both ends of the salinity spectrum, C. porosus
appears to depend on its food intake to compensate net water or sodium loss.
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METHODS OF MOVEMENT

Methods of Locomation - Webb (1977) gives a description of methods of movement used by C.
porosus. There are four main ones;, svimming, high walking, the belly run, and the gallop. All
were recognized by Cott (1961) in his magnificent study of the Nile crocodile, C. niloticus.

When swimming, the front and rear legs are held beside the body, and the complete post-
cranial body moves in successve undulations. In the water, crocodiles often drift with the legs
hanging down and the tail gently sweeping from side to side. If disturbed, the region of the body
behind the head may submerge and the hind feet are spread out. From this posture they can
rapidly submerge, backwards.

In the high walk the body is held off the ground except for limbs and tail tip. The limbs move
toward each other on one side, while they separate on the other. Crocodiles can "run" using the
same basic high walk stance. The tracks of a high walking crocodile are distinctive.

The belly run or dide is typicaly used when moving from a bank into the water. Using
gravity, and as Cott (1961) pointed out, "the polished ventral shields...like the undercarriage of the

deigh”, they dide down the bank using the hind limbs to propel them. Thetail sweeps from side to
Sde as they move, and in soft mud, thisis much like swimming; it leaves a characteristic track.
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A MODEL FOR THE POPULATION DYNAMICS OF Crocodylusporosus
IN NORTHERN AUSTRALIA

Harry Messd and George C. Vorlicek (deceased)

Department of Environmental Physics, School of Physics,
University of Sydney, New South Wales 2006, Australia

INTRODUCTION

In our chapter on the population status of Crocodylus porosus in northern Australia we
describe the survey methods used in monitoring the populations and describe briefly the history of
the surveys. More than 100 tidal river and creek systems were surveyed at least once between 1974
and 1979. In some cases the surveys have been continued over a period of ten years.

Intensive population surveys and studies were continued during 1980-1983 on some 330 km of
tidal waterways (Figs. 1-3) centered on the Liverpool-Tomkinson and Blyth-Cadell Rivers Sysems
in northern Arnhem Land and on some 59.3 km of associated alternative habitat. These relaively
undisturbed waterways constituted our population dynamics and status monitoring systems. In
addition Ngandadauda Creek and the Glyde River with its associated Arafura Swamp were
resurveyed twice in 1983 (Figs. 1, 4-5). All these latter surveys are analyzed in great detail in
Messel et al. (1979-1984,18).

The results of our survey and studies have dlowed a picture of C. porosus population
dynamics in northern Australia to be developed, and this picture is presented in some detail. It
enables us to account in a consistent fashion for the results of the surveys and to predict results to
be expected on future surveys.

One implication of the picture was that recovery of the crocodile population should occur
more rapidly in areas wherethe TYPE 1 rivers (see Point 1 in the population model) have closdy
associated extensve freshwater complexes. One of the best such areas remaining in northern
Audtraiais the Alligator Region, where there is the largest concentration of TYPE 1 C. porosus
gystems in northern Australia.  For this reason the waterways of the Alligator Region and the
Adelaide River were resurveyed in July 1984.

The Adelaide, East Alligator South Alligator, West Alligator, and Wildman River Systems
and Murgenella Creek-- all TYPE 1 systems (Fig. 6)--were firg systematically surveyed in 1977
(the Wildman in 1978) and then resurveyed in 1978 and again in 1979. Just to the north of the
Alligator Region, the largest assemblage of TY PE 3 waterways in northern Australia--the Cobourg
Complex congigting of the Ilamaryi and Minimini Complexes and Saltwater Creek--were surveyed
for the firg time in 1979 (Fig. 6). Our results and discussions of the surveys were presented in
Messel et d. (1979-1984,1, 3, 18) for the Adelaide River Sysem and Messdl et a. (1979-1984, 1, 4,
14) for the Alligator Region River Systems and the Cobourg Complex. Detailed descriptions of
the waterways were given in those citations aso and full work maps in Messel et a. (1979
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1984, 15). The results and andysis of the July 1984 surveys is presented in detail in Messd et al.
(1979-1984,19).

Our approach in this chapter is to present the modd we have developed and describe how the
results obtained In the Maningrida monitored area and Alligator Rivers Region fit the modd.
This of course is a somewhat circular process, since the mode was derived partly from
consideration of these results. Other evidence is adso presented to support the basic ideas of the
model.

We bdieve that the congtruction of a mathematicad model of C. porosus population dynamics
would be premature at this stage. There are far too many uncertainties in values for basic biological
parameters to dlow a sensible predictive moddl. Examples of such uncertainties include: percentage
of mature femaes in a given population; percentage of mature females nesting; variability in nesting
in different years and different rivers; detailed understanding of territorial requirements and so on.

RESULTS

Aswe describe in our chapter on population status, when discussing population changes it is
essentiad to consider results for broad groups of waterways as well as those for individua
waterways. In Table 1A we present results for each survey of the tidal waterways of the monitored
area from 1974 to 1983. The table is in our standard format, which is described in the Results
section of the chapter on Population Status, and the reader should refer to this.

In Table 1B we present the results for al surveys carried out in the Alligator Region,
Cobourg Complex, and Adelaide River, in the same form as Table 1A. Tables 2 and 3 are
obtained using Table 1A, and highlight a number of salient features of the data for the Blyth-
Caddl and Liverpool-Tomkinson Rivers Systems. |n Tables 4 and 5 we show summary results for
the number of crocodiles sighted in the hatchling, smdl (3-6'), and large size classes during the
general night-time surveys of the mgjor components of the Blyth-Cadell and Liverpool-Tomkinson
Rivers Systems. The more important size classes are the 3-6'), large, and >3'. Interpretation of
smdl and non-hatchling numbers can be distorted temporarily because of variations arising from
the input of 2-3 animals after a heavy hatchling recruitment year. This variation appears to soon
disappear once the animals reach the >3-4 size classes.

Table 6 gives summary results in the different size classes for the waterways of Ralling and
Junction Bays. Table 7 does likewise for each of the mgor components of our monitoring area
and for their combined total. Table 8 gives the results for the surveys of the main aternative C.
porosus habitats associated with the monitored area. The reader is asked to spend a few minutes
looking down the columns in Tables 4 to 7 before proceeding. Table 9 for the Alligator Region
and Adelaide River Systems has been obtained using Table 1B and presents the results in similar
form to Tables 2 and 3, with the sightings grouped into important size classes.

We draw attention to two important points when considering and comparing the results
shown in the Tables. The firg relates to the matter of errors in Sze dass estimation. We
discussed this matter in some detail in Messdl et al. (1979-1984, 1:80, 335, 389 and 18:117) and
refer the reader to these. The second matter concerns the importance of comparing results for
equivalent survey seasons; that is, breeding versus breeding and non-breeding versus non-breeding
periods whenever possible (Messdl et a. 1979-1984, 18:124-125). For example, October-November
surveys should, if possible, be compared with other October-November surveys and not June-July
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Table 2A. Blyth-Cadell Rivers System. Table for the Blyth-Cadell Rivers Sysem showing various size
class groupings’.

Survey Tota H 2-5ft  >5ft 2-6ft  >6ft 36ft SL ML
o w W
26 Oct. 74 3B7 89 286 12 292 6 211 487 3H2
INov. 75 B3 50 263 40 289 14 183 206 131
Major flooding
23Sept. 76 48 8 221 45 240 26 177 9.2 6.8
4Nov. 76 307 61 217 29 230 16 160 144 106
Apr. 77 327 72 230 25 242 13 172 186 132
3May 77 333 88 215 30 231 14 171 165 122
8June 77 365 108 215 42 232 25 19% 9.3 7.8
16Sept. 77 3B6 105 234 47 257 24 212 107 88
230ct. 77 360 112 204 44 226 22 158 103 72
10Jdune 78 432 173 219 40 233 21 173 113 82
12Sept. 78 39 1% 200 44 221 23 161 96 70
No flooding - driest wet on record
10Jdune 79 465 123 251 91 287 55 19% 52 36

40ct. 80 400 119 220 61 249 32 160 7.8 50

Heavy flooding
Quly 81 6 76 223 67 253 37 167 6.8 45
19 Oct. 81 315 72 179 64 204 39 127 5.2 33

Dry wet - minor flooding only
25June 82 408 136 166 106 205 67 163 31 24
6Nov. 82 A7 111 164 72 197 39 154 51 39

Dry wet - minor flooding only
157 221 87 258 160 5.2 32

151y 83 50
73 217 64 26 3B 151 70 43

26 Oct. 83

88

4The2-3, 34 and 4-5 size dlasses are grouped together (2-5') and the size classes above those in
another group (>5"). We have aso grouped the crocodiles sighted into smal (2-6'), medium (3-6') and
large (>6'). Also shown are the ratios small/large and medium/large. This Table was obtained by
using the datagiven in Table 1. See caption to Table 3 for divison of the EO crocodiles among the
various Sze classes.
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Table 2B Liverpool-Tomkinson Rivers System. Equivalent Table for the overal Liverpool-Tomkinson
Rivers System®.

Survey Total H 2-5ft  >5ft 2-6ft >6ft 36ft SL ML
& © ™
Magjor flooding
18July 76 228 19 144 65 169 40 130 42 33
25May 77 245 40 129 76 166 39 160 43 41
27 Oct. 77 228 56 118 54 147 25 140 59 56
27Sept. 78 233 37 131 65 156 40 138 39 35
No flooding - driest wet on record
16 duly 7 515 289 109 117 152 74 141 21 19
19 Oct. 7 355 161 101 93 136 58 120 23 21
15 Oct. 80 295 71 136 83 173 51 122 34 24
Heavy flooding
2 duly 8l 256 26 145 85 176 54 124 33 23
5 Oct. 81 254 A 14 86 166 54 133 31 25
Dry wet - minor flooding only
12June 82 467 193 161 113 207 67 178 31 27
16 Oct. 82 3 144 135 105 171 69 155 25 22

Dry wet - minor flooding only
1 dly 83 432 121 217 %) 257 54 174 4.8 32
13 Oct. 83 327 63 177 87 219 45 142 49 32

8 Note that the 1976 survey shows 68 (EO) crocodiles sighted and 34 of these were taken to be large.
This is probably too high afigure for the large animals. An intensive recapture programme was carried
out in 1975 thus making many more animas more wary then normal. Most of the animals involved in
the recapture programme were small. It isthus likely that the true ratios for 1976 are somewhat higher
than those shown.
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Table 3A. Summary Table showing for each suvey of the overal Blyth-Caddl Rivers System the
number of crocodiles in the size classes indicated®.

Survey Kilometers
Date Total H >2ft  >3ft >4ft >5ft >6ft >7ft Surveyed  Density
260ct. 74 387 89 298 217 70 12 6 4 91.9 324
1Nov. 75 353 50 303 197 114 40 14 7 94.9 319
Major flooding
23 Sept. 76 348 82 266 203 95 45 26 15 920 2.89
4Nov. 76 307 61 246 185 79 29 16 6 920 267
11Apr. 77 327 72 255 185 75 25 13 9 92.0 277
3May 77 333 88 245 185 88 0 14 7 92.0 2.66
8 June 77 365 108 257 221 115 42 25 1 90.5 284
16 Sept. 77 386 105 281 236 99 47 24 15 90.5 310
230ct. 77 360 112 248 180 o] 4 22 10 90.5 274
10June 78 432 173 259 194 110 40 21 11 9.5 2.86
12 Sept. 78 399 155 244 184 103 4 23 12 90.5 270
No flooding - driest wet on record
10June 79 465 123 342 251 154 99 55 3b 945 362
40ct. 80 400 119 281 192 115 61 32 17 929 3.02
Heavy flooding
Qduly 81 366 76 290 204 115 67 37 20 90.1 322
190ct. 81 315 72 243 166 101 64 3P 18 89.2 270
Dry wet - minor flooding only
25June 82 408 136 272 230 163 106 67 37 91.9 2.96
6Nov. 82 A7 111 236 193 123 72 39 19 925 2.55
Dry wet - minor flooding only
15aly 83 465 157 308 210 142 87 50 24 91.8 336
260ct. 83 354 73 281 186 113 64 35 19 928 3.03

& The EO (eye reflection only was seen) classes have been added together in each survey and 50% of
these have been distributed equally among the 3-4', 4-5 and 5-6' size classes; the remaining 50% have
been distributed to the >6 size classes with 1/3 being allocated to the 6-7' size class and 2/3 to size

class >7. This weights the distribution heavily in favor of large crocodiles, which are known to

normally be the most wary. When the EO is an odd number, the bias is also given to the large size

classes. For 1974, all EO crocodiles were put in the >7 size class.
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Table 3B. Equivalent Table for Liverpool-Tomkinson System.
Survey Kilometres
Date Totd H >2ft >3ft >4ft >5ft >6ft >7ft Surveyed Density
Major Flooding
18aly 76 228 19 209 170 103 65 40 26 1525 137
25May 77 245 40 205 199 142 7% 39 19 1451 14
270ct. 77 228 56 172 165 121 5 25 11 1234 139
27 Sept. 78 233 37 196 178 136 65 40 20 1414 139
No flooding - driest wet on record
16dly 19 515 289 226 215 168 17 74 37 150.0 151
190ct. 79 35 161 1% 178 136 93 538 35 1411 13
150ct. 80 295 71 224 173 128 88 51 31 140.6 159
Heavy flooding
2y 81 256 26 230 178 122 8& 54 31 140.6 14
50ct. 81 254 34 220 187 129 86 54 32 1411 156
Dry wet - minor flooding only
12June 82 467 193 274 245 172 113 67 35 1411 19
16 Oct. 82 384 144 240 224 166 105 69 38 1411 170
Dry wet - minor flooding only
lauy 83 432 121 311 228 157 Y 54 3D 1411 220
130ct. 83 327 63 264 187 133 8 45 29 1411 187
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Table 9. Sightings on waterways of Van Dieman Gulf®.

Large 36
Survey Totals Hatchlings (2-3) (36) (>6) Large
ADELAIDE
July 77 417 48 24 264 81 326
Sept. 78 381 62 24 217 78 2.78
Sept. 79 374 53 8 190 123 1%
July 84 602 60 36 278 228 122
MURGENELLA
Oct. 77 95 1 1 61 32 191
June 18 173 48 16 50 59 0.85
Aug. 79 198 47 24 66 61 108
July 84 236 7 17 117 95 123
EAST ALLIGATOR
Oct. 77 318 53 18 154 93 166
June 78 329 39 14 175 101 173
Aug. 79 393 53 30 159 151 106
July 84 411 22 51 181 157 115
SOUTH ALLIGATOR
Oct. 77 142 - - 73 69 106
June 78 157 6 3 73 75 097
Aug. 79 164 4 1 58 101 057
July 84 279 39 15 78 147 053
WEST ALLIGATOR
Oct. 77 83 9 2 47 25 188
June 78 85 23 5 37 20 185
Aug. 79 96 12 9 41 34 121
June 84 120 17 2 77 24 321
WILDMAN
Sept. 78 118 53 16 28 21 133
Aug. 79 155 21 34 44 56 0.79
June 84 226 26 60 96 44 218
ALLIGATOR REGION
EXCL. WILDMAN
Oct. 77 638 63 21 336 218 1%
June 78 744 116 38 336 254 12
Aug. 79 851 116 64 325 346 094
July 84 1046 85 85 453 423 107
ALLIGATOR REGION
WITH WILDMAN
June 78 862 169 54 365 274 133
Aug. 79 1006 137 98 369 402 092
July 84 1272 111 145 549 467 118
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Table 9. continued.

Large 36

Survey Totals Hatchlings (2-3) (36) (>6) Large
SALWATER -

Aug. 79 29 6 1 12 16 0.75

July 84 25 - 11 8 138
MINIMINI

Aug. 79 11 - - 8 3 267

My 84 9 - - 6 3 200
MIDDLE ARM

Aug. 7 6 . - 5 1 5.00

July 84 10 - - 6 4 150
IWALG

Aug. 79 10 ” B 5 5 100

July 84 25 13 1 108
MINIMINI COMPLEX

Aug. 79 27 - B 18 9 200

Jduly 84 44 - 23 21 110
ARM A

Aug. 79 5 - - 3 2 150

Jduly 84 9 . - 1 8 0.13
ARMB

Aug. 79 3 - - 1 2 050

July 84 4 - h 4 0.00
ARMC B

Aug. 79 7 _ N 5 2 250

July 84 5 2 3 0.67
ARMD

Aug. 79 9 - B 2 7 029

July 84 7 - 2 5 040
ILAMARYI

Aug. 79 16 - . 8 8 100

Jduly 84 7 - - 3 4 0.75
ILAMARYI COMPLEX

Aug. 79 40 - _ 20 20 100

July 34 32 8 24 0.33
COBOURG COMPLEX

Aug. 79 67 - - 38 29 131

July 84 76 31 45 069



Messel and Vorlicek 209

Table 9. continued.

Large 36
Survey Totals Hatchlings (2-3) (3-6) (>6) Large
COBOURG COMPLEX
& SALTWATER
Aug. 79 96 - 1 50 45 i1
July 84 101 6 -- 43 52 0.83
ALLIGATOR REGION +
COBOURG COMPLEX & SALTWATER
Aug. 79 1102 137 99 419 447 094
July 84 1373 117 145 592 519 114
ADELAIDE + ALLIGATOR
REGION EXCL. WILDMAN
July & Oct. 77 1055 111 45 600 299 201
Sept. & June 78 1125 178 62 553 332 167
Sept. & Aug. 79 1225 169 72 515 469 110
July 84 1648 145 121 731 651 112
ADELAIDE + ALLIGATOR
REGION WITH WILDMAN
Sept. & June 78 1243 231 78 582 352 165
Sept. & Aug. 79 1380 190 106 559 525 106
July 84 1874 171 181 827 695 119
ABOVE + COBOURG COMPLEX
& SALTWATER
Sept. & Aug. 79 1476 190 107 610 569 107
July 84 1975 177 181 870 747 116

& This Table was prepared using the results given in Table 1B and groups the crocodiles sighted into the
important size classes shown.
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ones. In the case of the 1984 June-July surveys of the tidal waterways in the Alligator Region,
results can be most meaningfully compared with those for the June-July 1978 and August 1979
surveys rather than the October 1977 one. However, even in the case of the 1979 results,
considerable caution must be used, for the 1978-1979 wet season was the driest on record and
many of the animals that would have normally been in the associated freshwater complexes at the
time of the survey were forced back into the tidal waterways (see Messel et al. 1979-1984:1, 4, 14,
and specially 18 where this matter is discussed in detail). In the case of Murgenella Creek, the
concentration appears to have taken place in 1978 (Messel et al. 1979-1984, 4:18 and 14:76).

A MODEL FOR THE DYNAMICS OF C.porosus POPULATIONS

As stated previoudy, the mode which we have built up and have been refining (specidly see
Mes et a. 1979-1984[1 and 18]) as more data are obtained not only enables us to account in a
consstent fashion for the vast store of fidd observations and results we have accumulated for some
100 tidal waterways in northern Australia, but aso enables us to predict successfully results to be
expected on future individua surveys. The model runs as follows.

1. The tidd waterways of northern Australia have been cdassfied according to their sdinity
signaturesinto TYPE 1, TYPE 2, and TY PE 3 systems shown in Fig. 7 (see our chapter on ecology
of C. porosus for more detail on this). TYPE 1 sysdems are the main breeding ones and non-
TYPE 1 sysems are usudly poor or non-breeding systems. It is the TYPE 1 systems and the
freshwater billabongs and semipermanent and permanent freshwater swamps associated with them
which account for the mgor recruitment of C. porosus; the other sysems contribute to a lesser
degree and they must depend largely upon TYPE 1 sysems and their associated freshwater
complexes for the provison of their crocodiles. Non-TYPE 1 sysems aso sometimes have
freshwater complexes associated with them but these are normally quite minor.

2. Asindicated in Fig. 7, our results show that in TYPE 1 systems some 27% of the crocodiles
sighted are hatchlings (of which some 50% are normally lost between June of one year and June of
the next, Messdl et d. 1979-1986, 1:3%4), whereasin TY PE 2-3 systemstthis figure fdls to 14% and
in TYPE 3 systems down to 4%, showing a much decreased hatchling recruitment in non-TYPE 1
sysgems. In TYPE 3 sysems the percentage of crocodiles in the hatchling, 2-3', and 34 dze
classes combined is some 11% whereas in TYPE 1 sysemsiit is at least 52%. On the other hand
the percentage of crocodiles in the >4-5' dze classes is some 39% in TY PE 1 systemns and 73% on
TYPE 3 sysems. Some 79% of the non-hatchling crocodiles are sighted on TYPE 1 waterways
and 21% on non-TY PE 1 waterways (Messdl et al. 1979-1986,1:419).

3. The relatively few large, and more frequent small freshwater billabongs and semipermanent and
permanent freshwater swamps associated with tidal waterways are known to contain C. porosus but
have not been inventoried systematicaly, except in afew cases. The accurate extent of their non-
hatchling C. porosus populations is unknown. Based upon the fact that the number of large
freshwater swamp areas, with substantial perennial water (normaly bordering old river channels),
in northern Audtrali