CHAPTER 32

Alligator Farming Research
in Louisiana, USA

Ted Joanen' and Larry McNease'

CON CERN about declining wild populations of
crocodilians throughout the world resulted ina pro-
liferation of conservation programmes. Wildlife
management agencies in Africa, Asia, Australiy, India,
Papua New Guinea and the United States have been
involved in such programmes for many years (Blake
1970; Yangprapakorn ef al. 1971; Pooley 1971, 1973;
Joanen and McNease 1971, 1975, 1984; Downes
1973; Blake and Loveridge 1973; Webb er al 1983;
Singh 1984). The approaches taken have varied con-
siderably, but the breeding and/or raising of croco-
diliuns in captivity has been incorperated into most
of them, There are totally closed farming systems, in
which eggs are produced from captive adults, and
ranching systems, in which wild eggs and/or voung
are collected and raised to subadult sizes in captivity.
Raised stock are either sold to the commercial skin
trade or are released into the wild in wildlife
sanctuaries, national parks or other suitable habitats.
Within Louisiana, private alligator farming opera-
tions are restricted to ¢losed farming svstems. Eggs
are produced from captive adults and these are sub-
sequently incubated artificially and the young are
raised in captivity, primarily for the production of
skins.

In 1964, the Louisiana Department of Wildlife and
Fisheries initiated an extensive research programme
tor study the biology and culture (captive production
and raising} of the American alligator (Alligator
mississippiensis)  {(Chabreck 1967; Joanen and
McNease 1971, 1974, 1975). Out of necessity, some
of the first studies involved the housing require-
ments of wild adults brought into captivity for breed-
ing purposes, Cultured stock were subsequently
propagated and various aspects of artificial incuba-
tion and raising (within controlled environment
chambers for the first three vears of life) have now
been researched (Joanen and McNeuse 1976, 1977,
1981, Ferguson 1981; Joancn ef 4l 1984, Chapter 51).
Most recently, research has been initiated on stress
related problems in reproductive  physiology
(Lance, Chapter 42; Elsey, Joanen, McNease and
Lance, unpublished data).

When constructing pens to house adult alligators,
the results of telemetry studies with wild adults
(Joanen and McNease 1970, 1972) were used to
identify basic habitat needs. These studies indicated
that courtship and copulation took place in the
spring, in open water areas such as bayous, canals
and large lakes and ponds in the marshes. During
the remainder of the vear (summer, fall and winter),
adult females centered their activities around small
potholes and dens in the heavily vegetated portions
of the marsh; males retained their preference for
open, deep water all vear round. These habitats were
incorporated into pen designs, and multiple nesting
of wild captured alligators was achieved. ITowever,
cultured alligators — ones from eggs that had arti-
fictally incubated and which had subsequently been
raised in captivity — exhibited strikingly different
behaviour as adult breeders than did their wild-
caprured adult counterparts (Joanen ef al 1981).
Successful reproduction of a large group of
alligators cultured since 1972 has now been
achieved, and their reproductive histories have been
carefully documented.

Considerable resources have been invested by the
Louisiana Department of Wildlife and Fisheries in an
extensive research programme aimed broadly at
establishing the feasibility of raising alligators in
captivity, for commercial and conservation purposes.
This chapter gives an overview of the results of some
of that research and discusses some of the latest
developments in captive breeding, egg incubation
and the raising of oftspring.

METHODS
Pen Design for Adulis

Pen design refinements developed over the years
were incorporated into the construction of four
breeding pens in 1975; all were about 0.8 ha (2
acres) (Fig.1). Deep water courtship ponds were
constructed by digging rectangular ponds, 5-18 m
(16-60") wide by 30-53 m {100-175") long by 2m (6")
deep. Small isolation ponds, 6 m (20" Yby 15 m (30°)
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Fig 1. The design of four pens (Nos 3, 6, 7 and 8) used for testing the offocts of diet and stocking density on reproduction in adult Affigaror

mrigsissippiensis thar had been raised torslly in captiviry.

and 2 m (6") deep, were dispersed throughout the
pens. Each pen was fenced with 25 cmxSemx 1.5
m high (1" x 2" x 60" high) welded wire, and creo-
soted boards, 25 cmx 15cm xS mlong (1" x 6" x
16"), were installed at the bottom of the fence, flush
with the ground, to give additional strength and to
serve as anchorage points, Natural vegetation,
including wiregrass (Sparting pefens), rosedqu cane
(Phragmites communis), buckbrush (Baccharis
balimifolia), bullwhip (Scirpus californicus) and
marsh fleabane (Plitchea sp.), was allowed to invade
the pens to provide cover, nesting material and
shade. Each pen was mowed as required, but not
when alligators were courting or nesting. Water was
provided from a 20 ¢m (8"} diameter and 67 m
(220") deep wcll, pumped by a 25 horsepower
electric motor; 5 cm (2") and 8 ¢m (3") diameter
underground PVC water lines were used to connect
the ponds and water holes in each pen.

Stocking Rates (Adults)
‘The stocking densities and sex ratios of alligators

introduced into the four pens are in Table 1. An
important aim of the study was to investigate the

Tabie 1. Diets, stocking rates, sex ratio and hatching year for the
Alfipestor mussissppiensis breeding experiments {1978-
1985).

No.ofAlligators Male:Female  Harching

Diet PenNg.  Males  Females Ratio Year
Fish S S 18 136 1972
Mvurria & 12 23 1:19 1973
Nutria 7 21 42 1:2.0 1973
Fish 8 g 34 1:4.45 1972

maximum stocking densities which pen-reared
alligators could tolerate in captivity, given the pro-
vision of suitable habitat requirements for each sex.
All alligators used were reared entirely in captiviry,
from eggs hatched during 1972 and 1973, They had
been periodically weighed and measured while
being raised, although as they matured (and were
captured at feeding sites), only total lengths were
recorded. General notes on the condition of individ-
wals had also been taken. These data were' sub-
sequently correlated with feeding rates to assess the
results of the feeding programme in terms of both
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generdl heakh and productivity. From the time of
hatching until they were placed inw the outdoor pens
{three vears), animais were fed both nutria and fish.

Feeding Metbods and Rations (Adulis)

The method of feeding has been described
previously (Joanen and McNease 1971; McNease and
Joanen 1981). Several feeding sites were established
in each pen to help disperse the alligators, and these
were usually situated near a basking area or 4 path
adjacent to the water’s edge. Trails and permanent
roads were maintained in the pens to allow staff
ready access to the feeding stations. Feeding began
in March of each year and terminated in late
October; alligators were not fed during late fall and
winter, when ambient temperatures are too low. A
feeding rate of 6% body weight per week was
adhered (o during the summer, when most food was
consumed,

Two diets were tested on the penned adult
breeders; whole fish (Micropogon undulatus) and
nutria (Myocastor coypus} carcasses, One high and
one low density pen was fed fish, and the other two
pens nutria (Table 1), Nutritional analysis revealed
that nutria contained 14.9% crude protein, 2.1%
crude fat, 0.5% crude fibre and 45% moisture. Fish,
on the other hand, contained 9.9% protein, 4.0% far,
1.0% fibre and 60.6% moisture.

A vitamin premix was added to the diet of all
alligators (juveniles and aduits)ar a maximum rate of
1% by weight. The specifications foreach 434 g {1 1b)
of this premix (manufaccred by  Dawe’s
Laboratories Ltd., Chicago Heights, Hlinois 60411,
LISA) are;

Vitamin A 1,800,000.00 USP U
Vitamin D3 200,000.001C U
Vitamin E 5000.00 1]
Riboflavin 1000.00 mg
d-Pantothenic Acid 2760.00 mg
Niacin 450g
Choline Chloride 8643 g
Vilamin B12 1.35mg
Folic Acid 90.00 mg
Biotin 20.00mg
Pyridoxine Hydrochloride 1000.00 mg
Menadione Sodium Bisulfite 4283.00 mg
Thiamine Mononitrate 1000.00 mg
Inositol 5000.00 mg
Para-Amino Benzoic Acid 5000.00mg
Ascorbic Acid 45,000.00 mg
Ethoxyquin 5.00g

Housing for Juvenites

Environmental chambers as described by Joanen
and McNease (1976) were used to raise alligators up
10 three years of age. Water capacity was 530 litres
(138 gal) with 10.4 m” (12.5 yd®) surface area in each

tank. Later, six larger chambers were constructed
with the following alterations: solid concrete walls
instead of concrete blacks; water area deepened by
5 cm (27} and overall rank width increased by 91 em
{3") (equal water and dry area). Water capacity was
1135 1 (295 gal), with 14.9 m*(17.9 yd®) surfacc arca
per tank. A tin-roofed shed with skylights provided
protection for the chambers. Doors were kept
closed in order to maintain constant temperature
and as a result, alligators were raised in near total
darkness throughout the fall, winter and spring,

Environmental chambers were  heated by
thermostatically conirolled electrical thermal con-
ductors. Water was supplied through a network of
plastic and galvanized pipes from a 5 em (2") water
wcell. Temperature recorders were used o monitor
outside air temperature, and air and water tempera-
tures within the chambers. Partitions were installed
in all chambers to reduce “pile-ups”™ caused by
young alligators crowding into a particular corner.
Swocking rates and maintenance for juvenile
alligators followed the procedures described by
Joanen and McNease (1976).

Feeding Methods and Rations (fuveniles)

Four dicts were tested on juveniles; fish, autria
and a commercial diet for both catfish and turtles,
Fish and nutria were purchased frozen and stored in
a freezer. The fish consisted entirely of marine fish
and 90% by volume were fish of the family
Sciaenidae; Atlantic croaker alone made up 80%. As
necded, fish and nutria were ground or chopped
and repackaged into convenient lots. The commer-
cial diets were simply mixed into a moist cake-like
configuration when ready to feed.

Alligators were fed five days per week during their
hatching year and three days per week during the
remaining two year period in the chambers. Foods
were weighed when placed into the chambers and
the uneaten food was reweighed the following day.
The amount of food oftered was adjusted periodic-
ally to insure maximum consumption; generally
abour 20% of body weight per week. Total lengths
and weighis of alligators were taken monthly so that
growth rates and food conversion rates could be
quantificd.

Artificial Egg Incubation

Alligator eggs were collected from wild and
captive nests shortly after laying {within 24 hours
when possible), during the three week nesting
period cach year, Eggs were marked for upright
orientation, identified by clutch and were trans-
ported in single layers covered with approximately
12 cm (3") of nesting media. Dented and slightdly
cracked eggs were incubated if no leakage of egg
contents was apparent. We used 19 | (5 gal} plastic
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buckets to collect eggs in pens and large garbage
cans {132 | capacity, 35 gal) when collecting wild
nests from airboats.

Prior to setting eges in the incubator the presence
or absence of the opague band on cach egg (Fer-
guson 1981) was checked. Embryos were aged from
the degree of eggshell banding and infertile eggs
and/or those containing young dead embryos were
identificd and discarded. Treshly laid eggs are not
banded and thus caution needs to be exercised
when distinguishing hetween freshly laid and inter-
tile eggs (unbanded); banding takes place when the
embryonic disc attaches to the shell, about 24 hours
after laying.

Within 3 or 4 hours of collection, eggs were set in
the environmental chambers as described by Joanen
and McNease (1976). Incubation remperatures were
maintained within a range of 29.4°C (85°F) to 32.7°C
{91°F). Eggs were placed in trays, measuring 61 cm x
61 cm x 15 cm high (2’ x 2’ x 6" high), covered top
and botom with 13 mm (1/2%) wire [abric mesh for
air circuladion. Nesting medium (Spartina patens)
taken from wild nests was packed top and borttom
around a single laver of eggs. Trays were sct on
shelves 8 cm (3") above water. The doors of the
environmental chambers were opened only once or
twice a week, for inspection, until hatching com-
menced. When necessary, incubation medium was
moistened with warm water taken from the ¢nviron-
mental chamber. Once hatching began, the ¢cham-
bers were checked at least every second day, After
pipping, hatchlings were retained in their hatching
trays for at least 24 hours to allow time for them to
separate from the shell and for their umbilical cord
to break off (Joanen and McNease 1979).

RESULTS
Age at Iirst Nesting

Age at first nesting for captive alligators, housed
and reared in controlled environmental chambers
for the first three years of life, then placed in outside
pens, was five years 10 months (Fig. 2). Age of sexual
maturity reported for Louisiana alligators held in
semi-natural ouwside pens was nine vears and 10
months (McIlhenny 1935; Joanen and McNease
1973).

Environmental paramerers vary  considerably
throughout the alligator’s range and may play an
important role in regulating the age of sexual matur-
ity (Fig. 2). Alligators in North Carolina approach the
size of sexual maturity (1.8 m) after about 15 years
for males and 18 to 19 years for females (Fuller ef ¢/
1983).

Nesting Rates

The percentage of wild adult female alligators
which nested each vear in Louisiana marshes was
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fig 2 varadon of cluich size with age in captive Altigator
mississippiensis fod either nuria or fish. The insct
summarizes dat on the age at which sexual maturity is
atained in wildl alligators from different arcas.

estimated to be 63% (Juanen and McNease 1980a,b),
and 68% on Sabine National Wildlife Refuge
(Chabreck 1966). Wilkinson (1983) reported a 36%
nesting rate for wild females in South Carolina and
Taylor (pers. comm.) reported a 34% nesting rate in
northern Louisiana.

Nesting rates for captive alligators (Tig. 3) fed
nueria (Pen 6; low density) were consistently higher
than for those fed fish (Pen 5; low density). During a
four year period, when the alligators were seven to
10 vears of age, an average of 62.8% of nutria fed
animals nested annually, whereas the equivalent rae
for those fed fish was 26.8%.

After the alligators in Pen 6 (nuiria; low density}
reached eight vears of age, they cxceeded the
maximum known nesting rate of wild alligators (Fig.
3). Pen design, stocking density, domesticated stock
and diet were probably the most important factors
contributing to this result.
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Figg. 3 'The percentage of captive Alligator mississippiensis which
nested each vear {nesting rate), in low density pens fed
either natria or fish. ln 1982, the animals being fed fish
were switched to nueria. The histogram  summarizes
estimates of nesting success in wild populations from: (a
and k) southern Louisiana {Chabreck 1966: Joanen and
MeNease 19804, b, (¢) South Carolina (Wilkinson 1983);
and (&) northern Louisiana ( Taylor 1984).
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The low nesting rate in Pen 5 (fish) increased
abruptly to 56% when the diet was switched to nutria
in the spring of 1982 {Fig. 3), and this change was
maintained the following vear (57% ). However, the
nesting rate in this pen, even after being switched to
a nutria dict, remained below that recorded for wild
alligaiors in the marshes of southern Louisiana, In
1982, due (o the low nesting rate in Pen 8 {fish; high
density), studies were terminated on these animals
and they were released into the wild.

Nesting rates for captive alligators fed nutria and
maintained at different stocking rates are presented
in Figure 4. Females in Pen 6 (low density), averaged
78.7% over three years whereas those in Pen 7 (high
density), with twice the number of fermales, averaged
60.7% over the same period.

Clitch Size

Clutch size increased consistently with age for
alligators maintained on a nutria diet (Fig. 2). Italso
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Fig. 4 The percentage of captive Alfigator mississiypierssis fed
nutria, which nesied each year (nesting rate}, in high and
low density pens. The hisiogram summarizes estimates of
nesting rate in wild populations from: (g and &) southern
Louisiana ( Chabreck 1966; Joanen and McNease 1980a, b,
{¢) South Carolina (Wilkinson 1983); and () northern
Lonzisiana (Tavlor 1984).
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Fig 5 The pereentage of fertile eggs (fertiline rare) produced by
captive Alfipator mississippicensis which were fed either
nutria or fish. In 1982, the animals being fed fish were
switched to nutria, The histogram summarizes estimates
of fertility rate in wild alligator eggs in: {@) Louisiana
(Joanen and McNease, unpublished data); and (8) Florida
(Ideitz and Hines 1980).

increased with those on a fish diet, but was much
more variable (Fig. 2). Independent of diet, the first
nests made had an average clutch size of 25 eggs.
Joanen (1969) reported an average clutch size of
38.8 eggs for wild nests in southern Louisiana, and
penned alligators approached this level in their third
or fourth year of reproduction.

Fertility Rates

The fenility rate of 3839 wild alligator eggs
examined in Louisiana in 1984 was 95.1% (Joanen
and McNease, unpublished data); Deitz and Hines
(1980) found a fertility rate of 89% in alligator cggs
from Florida. Alligators fed a nutria diet consistently
had higher fertility rates than those fed fish (Fig. 3),
but bath groups had lower rates than recorded for
the wild populations. In contrast to the effect of diet,
stocking densities had little or no effect on fertility
rate. Rates in Pen 6 (nutria, low stocking density; Fig.
6) averaged 79% and those in Pen 7 (nutria, high
density; Fig. 7) averaged 80%.

Hatching Rates

Data on the percentage of fertile eggs that hatch
(hatching rates) in wild alligator nests are
summarized in Figure 8. In Louisiana, the hatching
rate of wild ¢gys left in their nests 10 incubate was
about 58% {Joanen 1969). However, if wild eggs
were collected soon after laving and incubated arti-
ficially, the haiching rate increased o0 91% (Jounen
and McNease, unpublished data). The hatching rate
of eggs from captive alligators fed nutria remained
slightly above the value determined for wild eggs left
in the field to incubate {Fig. 8), but was well below
the 91% achieved with wild eggs incubated artifi-
ciallv. Eggs from captive alligators fed fish
demonstrated very low hatching rates, averaging
27.4% over five years.

Stocking density had little effect on the hatching
rate of fertile eggs. The average hatching rate for
eges from Pen 7 (Fig. 7) averaged 54% and equalled
that for Pen 6 (Fig. 6).

Netturet! Incuheaiion

In 266 wild nests examined over a4-ycar period in
Louisiana, 182 (68.3%) hatched successfully, 19
(7.3% ) were partially infertile, 15(5.8% ) were totally
infertile, and 50 (18.6% ) were either destroved by
raccoons (Procyon lotor) or were lost to flooding
{Joanen 1969). In 154 nests examined in 1967 and
1968, hatching rate of fertile eggs was 58.2%. (Joanen
1969).

In one north-central Florida study, a hatching rate
of 45% was reported. Of 13 nests checked, 62%
produced live young, 31% were destroyed by
mammalian predators and 8% were lost to flooding
{Goodwin and Marion 1978). Deitz and Hines
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Fig 6 Nesting rates, fertility rates and hatching rates of fertile
egus, for capiive Alfigator mississippiensis fed nutria and
maintained at a low stocking density (Pen 6),
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Fig 7 Nesting rates, fenility rates and haching rates of fertile
eggs, for caplive Affigaror mississinpiensis fod nutria and
maintained at a high stocking density (Fen 7).

(1980) reported a 67.9% hatching rate [rom 111
undisturbed nests in two study areas in Florida. In
South Carolina, Bara {1975) reported eight of 12
nests {66.7%) produced offspring and 82% of the
eggs in these successful nests harched; flooding and
raccoon predation caused egg losses in one third of
the nests studied. Metzen (1977} reported that 70%
of 1310 nests examined in Georgia haiched, and
Klause (1983) reported that 88.2% of nests hatched
in a North Carolina study; 12% were lost to predagors
and a 70% hatching rate occurred. Wilkinson (1983}
reported 70.1% of nests hatching successfully in
South Carolina, with a minimum hatching rate of
20.9%.

Time of Egg Collection

Methods of collecting, transporting and incubat-
ing alligator eggs have been discussed by Joanen and
McNease (1977, 1981) and Ferguson (1981). Nests
are located from the air during the period of nest
construction and just prior to cgg laving (Joanen and
McNease 1979). The location of each nest is carefully
plotted on an infra-red acrial photograph (Tig. 9),
and eggs are later collected from airboats.

Hatching rates as a function of embryo ages at the

time of egg collection, for 3852 alligator eggs from
93 wild nests, are in Table 2. Rates varied from a

high of 92.5% to a low of 67.1%, and the most
sensitive period for handling was between the 9th
and 16th days of development. The age at which
embryos died (in one week age classes) was deter-
mined by opening all unhatched eggs at the end of
the incubation period and examining the dead
embryos. The excessive mortality which occurred
among eggs collected berween the 8th and 16th days
of incubation could be attributed largely to animals
dying at or soon after the time of egg collection; this
is consistent with the embryos being susceptible to
mechanical injury at that stage of development.

Hatching rates for 1012 cggs produced from
captive females are in Table 3. Fggs collected when
about four days of age gave markedly superior hatch-
ing rates to those collected when about seven days of
age. The age at which embryos died was consistent
with significant ¢mbryo mortality occurring at or
near the time of collection and transport.

Taken together, these results indicate that
alligator embryos arc sensitive to handling from
about days 7 o 16 of incubation. This corresponds
with a period in which the embryonic allantois
develops and expands while the embryo is still
attached to the shell membrane (Ferguson 1985).
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Fig & The percentage of fertile eggs that successfully hatched
(hatching rare) for captive Aftigator mississippiensis fed
cither nutria or fish. The histogram contains estimates of
harching rate in wild neses in: () Louistana (Juanen 1569,
(¢ and &) Florida (Deirz and IHines 1980; Goodwin and
Marion 1974); and (e) South Carolina {Wilkinson 1983},
Eggs collected from the wild in Louisiana and incubated
artificially had the highest hatching rate (91% ) {(a).

Incubation Techniques

Within three or four hours of collection, eggs
were placed in the environmental chambers for
incubation (Joanen and McNease 1976). Tempera-
tures between 29 4°C (85°F) and 32.7°C (91°F) were
tested and the best hatching success was obtained at
31.0-31.7°C (88-89°F) (Joanen and McNease 1979;
see Joanen er af Chapter 51} Temperatures of
individual clutches of eggs within a chamber varied
by * 1.0°C from the ambicnt tank temperature.
Natural nesting material, primarily Spartina patens,
was used for artificial incubation media and gave the
best hatching results (Ferguson 1981 ). This material
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Fg 9. The density of wild Alfigaror mississipptensis nests on Rockefeller Refuge in 1984; 1 nest per 7.6 ha (18.7 acres).

was found to maintain high moisture levels and
aided in the breakdown of the eggshell. Moisture
levels were maintained at approximately 90%
throughout the incubation period.

Culture of Alligalors in
Conitrolled Environmental Chambers

When the four diets were tested on voung
alligators (Joanen and McNease 1976), the catfish
and turtle rations proved totally ineftective and were
discontinucd. They contained mostly vegetable
bused proteins which alligators are unable to syn-
thesize (R A. Coulson, pers. comim.).

Alligators fed fish converted 49.5% of the food
consumed (dry weight) into body mass over a 33
month period. Coulson er ¢l (1973} reported con-
version rates of 40% up to one year of age and 25%
from one to three years, but this was probably based
on wet weights. After 12 months feeding (19 months
of age) alligators fed fish averaged 1.1 m (3.6") total
length and weighed 4.0 kg (8.8 Ib); length-weight
refationships (Joanen and McNease 1975) were com-
parable with those reported by Coulson ef ¢, (1973).
At 33 months of age (i.e., after 26 months of intensive
feeding) females averaged 19.4 kg (42.7 ib) and 1.6
m{5.3")and males 25.7 kg (56.5 Ib) and 1.7 m (5.6");
10% of the alligators measured more than 1.8 m and
the longest individual was 1.9 m (6.3"). Captive
reared alligators had a superior body condition to
wild alligators (they were 10% heavier per given

length) and were twice the length of wild alligators
of the same age (Coulson et gl 1973). For any given
age class, alligators fed nutria were 209% heavier and
3% longer than those fed fish.

Growth

Alligators hatched in 1972 and 1973 and raised in
controfled environmental chambers were moved
into the outdoor pens in June 1975 and 1976 respec-
tively, Average size of females at this time was 1.6 m
(5.3"yand 19.4 kg (42.7 Ib), whereas males averaged
1.7 m (5.7") and 25.7 kg (56.5 Ib} (Fig. 10). Growth
rates for captive alligators greatly exceeded those
reported by Chabreck and Joanen (1979) for wild
alligators of the same age. In terms of length, no sig-
nificant differences were noted in growth rates of
fish fed versus nutria fed alligators, so that the
growth data for the two diets were cambined.
However, there was a more significant difference in
body weight (20% between the two treatments).

The behaviour of alligators fed fish and nutria
showed obvious differences. Animals fed fish were
shy and wary, whereas, those fed nutria were
aggressive at the feeding sites and were generally
more “active” animals. '

Mortality within the environmental chambers was
found to be largelv insignificant, with survival rates
trom hatching to the end of the third year averaging
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feehie 2. Haching rate and mortality for 3852 wild Alfigetor mississipptensis cggs which were

collected ar different ages and incubated arificially. The approximate age of all dead

embryos was determined; 95% of eggs were fertile,

Age of egy No. No. Percent Percent mortality
when incubated clutches set hatch 1-2weeks  3-7weeks B-9weeks
< 2ihrs 11 478 9315 23 28 2.3
2ilavs 11 453 922 44 1.8 1.3
4davs 11 159 HBE.10 5.9 (2 54
Gdavs T 305 921 5.2 1.4 1.6
Bdays 3 130 86.9 85 31 1.5
10-12 clays 10 423 671 7.7 35 11.6
li-16 days 14 S04 814 122 21 4.3
Sweeks 17 GSH B9.0 6.4 0.6 4.1
Fwoecks 9 352 88.4 5.4 0y 5.4

Tahle 3. Harching cate and mortality for 1012 Alligettor mississippiensts eggs laid in captivity at Rockefeller Refuge in 1984, and arificially

incubated.
Phare Dict/ Meanage ofeggs  No.of Percent Ne» Percent Percent Mortality
Collecred Density whenincubated  clutches fertile st hatch 1-2weeks 3-7weeks 89wecks
June 26 Nutrivlow 4 days 8 68.1 210 699 204 37 6.0
Julva Nutriadlow 7 duys 10 893 305 243 53.8 1211 08
June 26 Nutriz'high 4 days 11 90.5 340 709 203 1.2 7.6
July 6 Nutrizhigh 7 days G 877 151 37.8 4.4 11.3 10.6

95% (Joanen and McNease 1976). Fighting occurred
occasionally and resulted in cuts on the tail, back and
limbs, but it was not considered a serious problem,
However, fighting increased with high stocking
densities and the best stocking density was 10
alligators per m?* during the first year of life and a
maximum of 3.3 per m’ in the following two vears
(Joanen and McNeasc 1977). ‘

DISCUSSION
General

Age of first nesting for captive reared alligators
housed in controlled environmental chambers for
the first three years of life, then shifted to outside
pens, was five years and 10 months: in alligators
reared entirely in semi-natural pens it was nine vears
and 10 months (Mcllhenny 1935; Joanen and
McNease 1975). Diet did not seem 1o aftect growth
rates nor the age at which sexual maturity was
auained (Tig. 2). Alligators fed both fish and nutria
produced fertile eggs as they approached their sixth
year of life,

Fuller ef al. (1983) indicated that size apparently
has a greater influence on the onset of sexual matur-
ity than does age. However, our study demonstrated
hoth size and age to be important factors, Some of
the alligators reared in environmental chambers
rcached 1.8 m (6) wotal length in three vears:
however, no nesting occurred until these animals
were five years and 10 months old. Of the total
number of animals held in captivity, only a small
percentage (18%) nested when six vears old.
Furthermore, reproductive success was quite low
for the first two years. It was not until the third

nesting vear that clutch size, the pereentage of
females nesting, egg ferdlity and hatching rate all
approached the average found by Joanen (1969) for
wild alligators in the same region. Although size may
be the most important factor regulating the onset of
sexual maturity, age contributes significantly o this
process.

Temperature is an important factor governing
growth, and it varies considerably throughout the
range of the alligpator. In southern Louisiana,
Chabreck and Joanen (1979) reported approxi-
mately seven growing months per vear for immature
alligators and Joanen and McNease (1971) reported
a similar period for adules. In the study of immature
alligators, no growth occurred during the dormant
period (October to March). Shrinkage, ranging from
0.1 to (L4 cm of total length per month, was recorded
in five of seven alligators measured (Chabreck and
Joanen 1979),

For an alligator to reach sexual maturity in south-
ern Louisiana in 10 years, with scven growing
months per year, means that a total of about 70 grow-
ing months is required. Coulson ef al (1973)
indicated that under laboratory conditions alligators
did not inidate feeding activitics at temperatures
below 22°C (72°F). According to Fuller e af. (1983),
the average monthly temperature near the study
area in North Carelina was equal o or exceeded
22°C between May and Seprember. Thus, alligators
in North Carolina would experience about four
active growing months per year, and would there-
fore use 72-76 growing months in order t reach
sexual maturity in the 18-19 years required in North
Carolina.
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#ig. 163 The mean relatonships between total length and age for
captive and wild ruale and female Affigetor mississippiensis
at Rockefetler Refuge, Loudsiana,

Differences in ambient temperature for the two
States (short growing seasons in the northern parts
of the alligator’s range relative to those in the south-
ern parts) apparently regulate the growth of
alligators and appear to control the onset of sexual
maturity. Thus there mav be considerable geo-
graphic variation in the age at which sexual maturity
is reached, but in terms of accumulated growing
months to reach 182 cm (6"}, there appears ¢ be
littlc variation.

Diet was found to have a significant impact on pro-
ductivity. Alligators fed nutria consistently produced
larger clutches and had higher nesting, fertility and
hatching rates than those fed fish. Clutch sixe
averaged 36.7 for alligators fed nutria and 29.4 for
those fed fish. Nesting ctlort averaged 78.6% for
nutria fed alligarors but only 24.4% for those fed fish.
Fertility rates followed much the same pattern:
76.1% for nuuria fed and 39.0% for fish fed alligators.
Hawching rates for nutria fed alligators averaged
53.5% as compared to 27.0% for fish fed animals.

These results mav help explain the low repro-
ductive rates found by Wilkinson (1983) (36%) and
Tavlor (pers. comm.) (34%). These alligators may
rely heavily on a basic tish diet as compared to a red
meat diet lor southern Louisiana adults. Food habit
studies conducted on wild adult alligators in coastal
Louisiana indicated nutria were the most important
food item taken, although mink, rabbit and muskrat
were also taken (McNease and Joanen 1977). Prior to
the introduction of nutria into Louisiana, O'Neil
(1949) reported muskrat as an important food item
for coastal marsh alligarors.

Stocking densities were evaluated on the basis of
growth, reproductive success, fighting and competi-
tion for nesting sites. A comparison of two pens with
different stocking densities (Pens 6 and 7), but with
the same red meat diet, showed no differences in
growth, clutch size, fertility rate or hatching rate.
However, the low stocked pen maintained an
average nesting rate of 78.6% as compared o 60.6%
for the high density pen.
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Competition for nesting sites was greater under
higher stocking densities. The number of multiple
clutches per nest increased in the more densely
stocked Pen 7, and although fighting occurred in
both pens, the degree of scars was greater on the
females in Pen 7. The majority of combat took place
during late courtship and the period of nest con-
struction.

Time of Egg Collection

several authors have reported a sensitive embryo
period in which the transport of alligator eggs, even
over short distances, increases mortality and thus
reduces hatching success (Joanen and McNease
1977, Chabreck 1978; Ferguson 1981). Chabreck
{1978) recommended egg collection after the fourth
week of incubation, to avoid the trauma of transport.

More recent studies indicate eggs can be safely
transported early in incubation, up 1o the seventh
day (Ferguson 1981; Joanen and McNease 1981,
Ferguson and Joanen 1982; sec Joanen ef al. Chapter
513, and should ideally be collected as soon after
laying as possible (Ferguson 1981) for the following
reasons:

1. Eggs which are laid upright in the nest, with the
long axis perpendicular to the ground, die unless
they are positioned correctly during their carly
development,

2. Early egg collection eliminates Josses caused
by predation and flooding;

3. Farly collection and correct incubation pro-
cedures will eliminate egg desiccation, which is a
sertous factor in both pens (due o the poor quality
of nesting media) and in the wild € during droughts ),
and,

4, Early collection eliminates losses in pens that
occur when multiple clutches are laid in the one nest
{one femalce breaks the eggs of another).

Barly egg collection also allows advantage to be
taken of the temperature dependent sex deter-
mining mechanism of American alligators (Fer-
guson and Joanen 1982, 1983). The temperature
sensitive period for sex determination is between 7
and 21 days of incubation, and eggs collected prior
to that time can be incubated to produce any desired
sex ratio,

Studies by Joanen et ¢f. (see Chapter 51) strongly
suggest that post-hatching growth of alligators is also
dependent on the temperature of egg incubation,
again favouring early egg collection, Alligators incu-
bated at different temperatures grow at different
rates. A high occurrence of runts (inferior animals)
were produced from the exireme ends of the
incubation temperature range, whereas superior
animals were produced wt the mid-range tempera-
wres. Lang (see Chapter 30} reports similar
tendencies with Crocodyius siamensis.
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Incubation Teckriiguwes and Hatching Sticcess

The most notable finding from the artificial incu-
bation studies was that eggs collected from wild
nests had significantly higher haiching rates than did
those from the pens. Trrespective of the time of egg
collection, the hatching rate of wild eggs ranged
from 67.1% to 92.5%, whereas the maximum rate
obtained for captive laid eggs was 70.9%. Age of
females could contribute to this difference, as cap-
tive females were generally voung whereas the
majority of wild ones were middle-aged. Another
[actor could be the elevated stress {corticosterone)
levels among animals within the pens, which
appears to he having an adverse affect on repro-
ductive success (Elsey, Joanen and Lance, unpub-
. lished data).

Studies by Shirley (1982) indicate diets also affect
eggshell thickness. Alligators fed fish produced a
thicker shell than both those fed nutria and those in
the wild; this in turn could be implicated in the high
percentage of late embryonic deaths that occurred
in eggs from alligators fed fish.

Egg Supplement Programme

The lack of a source for suitable farm stock has
severely limited alligator farming operations in the
United Sates. The Louisiana Department of Wildlife
and Fisheries realized this situation and has been
providing stock off State-owned lands since 1977,
Farmers that qualify for the programme, are given
hatchlings that have been raised for a few months,
and this will continue until their breeding stock is
capable of producing the numbers of young
required to become self-sustaining. The Louisiana
Department of Wildlife and Fisheries can excrcise
the option of an annual return rate of 5% at 1 metre
in length.

Rules and regulations governing Louisiana
alligator farms as listed in the Acts of 1974, No. 121
and the Acts of 1970, No. 350 of Louisiana Laws
Pertaining to Wildlife and Fisheries, along with
commission regulations, specify the basic guidelines
that must be met before an applicant can be licensed.
Important factors considered are land availability
and the suitability of the applicant’s operational
plans. The use of controlled environmental
chambers capable of maintaining a constanttemper-
awure are required by the Department as a pre-
requisite.

Today, Louisiana has 13 established alligator farms
and a captive population of about 21,000 alligators,

Controlled Envirorntmental Chamber Ciilture

Ground nuiria carcasses and fish both proved
acceptable diets. However, growth {in terms of body
weight) among alligators fed nutria was superior to
that among those fed fish. Nutria presented storage

problems because of its seasonal availability, and
was more expensive than fish to purchase. Disadvan-
tages of fish were: high percent moisture; over-
[eeding tended to produce gout; it required freezing
for storage; it had to be purchased in large enough
quantities 10 make delivery economically feasible; it
needed to be ground for feeding small alligators,
and, it was deficient in vitamins (Joanen and
McNease 1976).

After hatching, temperatures were maintained ac
31.6°C (89°F) in order w speed up body funcrions.
Feed was not offered until the third day after hatch-
ing to allow for absorption of the residual egg volk,
but most hatchlings began feeding within a day of
food being offered. Initially, food consumption was
low, less than 5% of bodv weight per we "= but the
important consideration was to get young
regimented to a feeding scheme as quickly as
pussible, After the tenth day of life, environmental
chamber culture was basically onc of maintaining
clean tanks and providing proper diets for
maximurn yi¢gld. Temperatures within the chambers
were maintained at 30-31°C (86-88°F) to maximise
growth,

Feeding was carried out five days per week for the
first year and three days per week thereafter. A feed-
ing rate of 25% body weight per week was adhered
tor for the first year and then progressively decreased
to 18% by the end of the third veuar; feeding rates
were adjusted monthly. Fish or nutria which had
been finely ground was fed until the alligators were
one vedr old. When they had anained sufficient size,
chopped food was fed, and when the animals were
large enough, whole fish or larger picees of nutria.
After 36 consecutive months of feeding, the young
outgrew their brooder facilities and were stocked
into outside pens.

Growth rates, weight gain, food conversion and
food consumption (wet weight) for alligators main-
tained in controlled environment chambers at 28°C
{83°F) are summarized on Figure 11. At the end of
the third growing year, alligators averaged 1.6 m
(5'3") and weighed 21 kg (47 Ib). The total amount of
tood consumed in order to achieve this size was 105
kg (233 Ibs), with approximately 64 kg (140 1b) being
consumed between the second and third vears.
Food conversion rates averaged 40% during this
grow-oul period. After the third vear, food conver-
sion rates fall precipitously and it is no longer
economically feasible to maintain alligators under
this regime. Stocking rates after the third year
increase to three times the space required for the 1-3
year age group,

Ongoing studies by Tom Coulson {pers. commn.)
indicate that by changing the grow-out temperature
t0 31°C (88°F), 4 1.2 m (4" ) alligator can be reared in
one year. However, the economics of achieving such
accelerated growth have not been investigated on a
commercial basis.
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Fig 11. A summary of the performance of Affigator mississippiensis in controlled environment chambers set at 28°C. After three years,
cumulative tood consumption (broken line) increases exponentially, whereas food conversion rates (solid line} drop pre-
cipitously. 3x's indicate where density needs to be reduced by three times; numbers in brackets are the means for each year class

interval

Alligators can be reared on an eccnomically
sound basis to marketable size within a three year
period (Fig. 11), and alligator farms in southeastern
United States may therefore be confined to the pro-
duction of skins in the 1.2-1.6 m {4-5") size class. If
ongoing studies indicate the feasibility of increasing
the grow-out temperature and thus producing a
larger sized animal within the three vear period,
alligator farmers could produce a 1.8-2.1 m (6-7")
skin. However, this has not yet proven economically
feasible. In recent years, alligator meat prices have
increased tremendously and the sale of alligator
meat for human consumption may help defray
rearing Costs.

The world demand for skins includes all size
classes. Louisiana's wild hacvest produced an aver-
age size skin of 2.1 m (7'} (Joanen et a/. 1984), but
larger skins, up to 4 m (13") are in high demand.
Hunters have received up to US.$21.00/0.3 m (1)
average price for alligator skins. If an alligator indus-
1ry is to be maintained, the wild populations must be
managed on a sustained vield basis.
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