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A B S T R A C T Artificially incubated fertile eggs from wild alligators have a significantly better hatch rate than those of captive, pen-reared alligators, possibly due to
differences in the morphology of the eggshells. We compared the morphology of
eggshells of wild alligators to those of captive alligators living in semi-natural environmental pens. Lengths and widths of eggs were measured and volume was determined,
assuming an ellipsoid shape. Eggs were also evaluated for the quality of the eggshell
(the presence or absence of rough deposits). Pieces of shell were cut from unincubated
eggs and from eggs incubated for 55 days (just before hatching) and examined by
scanning electron microscopy. Open pores on the outer surface of the shells were
counted and thickness of the pieces was measured from micrographs. Results indicated that the number of pores on eggshells was lowest in eggs of captive alligators
with early embryonic death. The number of pores was intermediate in eggs with early
embryonic death from wild alligators, and the number of pores was highest in eggs
with full-term embryos from wild or captive alligators. It is suggested that decreased
porosity of eggshellsmay be associated with early embryonic death, is more prevalent
in captive animals, and may, therefore, be related to poor hatch rate among penreared alligators.
Since 1964the Louisiana Department of Wild- shells of wild alligators with those of captive
life and Fisheries has studied the feasibility of nutria-fed alligators and to determine the relaraising alligators in captivity for commercial and tionship between shell morphology and embryconservation purposes. Today, Louisiana has onic death.
many operating alligator farms and more
MATERIALS AND METHODS
planned. Some of the problems of breeding and
Collection
and incubation of eggs
rearing captive alligators have been solved, but
others have not. One remaining problem inEggs of Alligator mississippiensis were colvolves the poor hatchability of eggs. Although lected from nests in the wild and from nests
eggs from the wild and eggs from captive animals constructed in semi-natural pens by captive, penin semi-natural environmental pens are col- reared alligators. Eggs were collected at or near
lected and artificially incubated under identical the Rockefeller Wildlife Refuge, Grand Chenier,
conditions, the hatch rate from the former is Louisiana, within 48 hours of laying during a
greater than 9096, while that of the latter ranges 2-week period in the summer of 1987.They were
marked for upright orientation (the “upper” surfrom 30 % to 60% (Joanen and McNease, ’87).
Preliminary studies (Shirley, ’82) have indi- face is that a t which the embryonic membranes
cated that eggs produced by captive, fish-fed attach), identified by clutch, covered with wirealligators have thicker shells than those pro- grass nesting medium (Spartina patens), and
duced by captive, nutria-fed alligators. He hy- transported in single layers. The presence of an
pothesized that the thick shells of the fish-fed opaque eggshell band indicating fertility (Fergucaptive group might contribute to early embry- son, ’82) was checked on each egg. This band
onic death. However, eggs from captive, nutria- usually appears within 24 hrs after laying and
fed alligators also do not hatch as successfully as expands with the growth of the embryo. Some
those from wild alligators. Therefore, the pur- fertile, unincubated eggs from nests in the wild
pose of the present study was to compare egg- and from nests in two pens, as well as several
0
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infertile eggs, were packed in boxes and transported to New Orleans for laboratory evaluation.
The remaining eggs were incubated in humid
environmentalchambers as previously described
(Joanen and McNease, '76, '77, '81) with temperatures at 29.4-32.7OC. After 55 days of incubation, just before hatching, fertile eggs from each
of the nests from the wild and each of the nests
from the two captive pens, as well as infertile
eggs which had also been incubated, were removed from the incubators and transported to
New Orleans for examination.

Volume and status of eggs-quality of shells
Lengths and widths (at the widest circumference) of one egg selected a t random from each
nest were measured to the nearest 0.01 mm with
vernier calipers. The volume of each egg was
determined by using the equation for an ellipsoid (Beyer, '81) which closely approximates the
shape of an alligator egg. Each egg was also
evaluated for the presence of rough, knobby deposits on the shell. A score of 1was arbitrarily
assigned to shells with rough deposits, and a
score of 2 was assigned to eggs with smooth
shells.
Eggs which had been incubated for 55 days
were opened to verify contents. Fertile eggs (ones
with opaque bands on the shells) contained either full-term embryos or necrotic tissue, indicative of early embryonic death (usually within
two to three weeks after laying). Infertile eggs
had no evidence of opaque banding or necrotic
embryonic tissue. All fertile incubated eggs from
nests in the wild had full-term embryos. To
complete the analysis, eggs with early embryonic
death from wild alligators were selected and
examined in the summer of 1988.Eggs were then
divided into the following groups: 1)wild, fertile,
unincubated; 2) captive, fertile, unincubated; 3)
wild, fertile, incubated with early embryonic
death; 4) captive, fertile, incubated with early
embryonic death; 5) wild, fertile, incubated with

full-term embryo; 6) captive, fertile, incubated
with full-term embryo; 7) wild, unincubated, infertile; 8) captive, unincubated, infertile;9) wild,
incubated, infertile; 10)captive,incubated,infertile.

Scanning electron microscopy
Three pieces of shell (approximately 1 cm2
each) were cut, including samples from the upper surface of the middle and both ends of each
egg. The eggshell membrane was removed, and
pieces of shell were rinsed in distilled water and
dehydrated in a graded series of alcohols. The
outer surfaces of the pieces of shell were then
sputter-coated with gold palladium and viewed
a t 20 kV in a JEOL T-300 SEM. Starting at an
edge of each piece of shell at a magnification of
x 35, open pores were counted on four consecutive SEM display screens along the middle of the
piece of shell. Then the pieces were oriented
end-on and micrographs ( x 100)were taken. The
thickness of each piece of shell was measured to
the nearest 0.01 mm on the micrograph. There
were no differences in thickness or number of
pores among the three pieces of shell (ANOVA
analysis),and data from the three samples were
pooled.
Statistical analysis
Data were first analyzed by computer with
ANOVA and Duncan's multiple range tests.
There were no significant differences among infertile eggs (Groups 7-10) in any of the parameters, allowing their combination as one group
(Group 7). Linear regression analyses were then
performed. An analysis of covariance was used to
determine differences between slopes and intercepts of the regression equations (Snedecor and
cochran, 'SO).
RESULTS

Table 1 summarizes the results of the ANOVA
and Duncan's tests. Group 6 (captive, fertile,

TABLE 1. Volume of eggs, number ofopen pores on outer shell surface, shell thickness, and presence of deposits"
Group
1. Wild, fertile, unincubated

2. Captive, fertile, unincubated

3. Wild, fertile, incubated, early embryonic
death
4. Captive, fertile, incubated, early embryonic
death
5. Wild, fertile, incubated, full-termembryo
6. Captive, fertile, incubated, full-term embryo
7. Infertile'

N

Volume (m13)

No. pores
10.3 * 3.224.7
4.6 _+ 2.9',&'

7
7

631.08 f 28.49
695.72 + 84.94

7

643.38 k 48.54

3.6

656.81 f 80.88
600.36 t 34.02
703.82 + 39.62','
681.52 k 63.02

0.7 t 1.11",5,6
7.9 t 2.524.7
7.1 k 2.9"1,7
1.0 + 1.3'"."6

7
7
8
24

* 1.71"7

Thickness (Gm)

Deposit scoreb

413.5 t 23.7
431.4 t 23.6

2.0 f 0.0
1.9 i 0.4

406.0 i 21.2

2.0 * 0

410.1 2 25.8
364.7 f 21.9"
397.6 + 31.6%
411.0 f 27.0

1.3 2 0.51-",s
2.0 f 0
1.6 * 0
1.5 2 1

"Valuesare listed as mean t SD. Supemripta indicate significant differences between a particular numbered group and other numbered groups
(1-7) withrespedtothelistedparameter;P<0.05.
"A deposit score of 1 denotes rough eggs;a score of 2 indicatea smooth-shelledeggs.
'Croup 7 in this table applies to all infertile eggs (Groups7-10) examined.
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Fig. 1. Scanningelectron micrograph of the outer surface
of an eggshell from a wild alligator. Note multiple open pores.

Fig. 3. Scanning electron micrograph of a pore from the
shell of an egg with early embryonic death from a captive
alligator. Note material occludingpore opening (arrow).x 200.

Fig. 2. Scanningelectron micrograph of the outer surface
of the shell from an egg with early embryonic death from a
captive alligator. Note sparsity of pores occluded with deposits and/or pore plugs (arrows). x 50.

Fig. 4. Scanning electron micrograph of a typical pore
from the eggshell of a wild alligator. x350.

incubated, full-term embryo) had the largest
eggs, the eggs of Group 4 (captive, fertile, incubated, early embryonic death) had the roughest
shells, and Groups 5 and 6 (wild and captive,
fertile, incubated, full-term embryos) had the
thinnest shells. The number of pores on the
outer surfaces of shells was lowest in Groups 4
and 7 (captive, fertile, incubated, early embryonic death, and infertile),intermediate in Groups
2 and 3 (captive, fertile, unincubated, and wild,
fertile, incubated with early embryonic death),

and highest in Groups 1, 5, and 6 (wild, fertile,
unincubated, and wild and captive, fertile, incubated, full-term embryos). Most pores on shells
of eggs from wild alligators appeared to be open
and unobstructed (Figs. 1,4),as many of those
from pen-reared alligators were either partidy
obstructed or completely filled with material
(Figs. 2,3).
Linear regression analysis indicated a significant negative correlation between thickness of
shells and number of pores on the outer surfaces

x35.
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(r = -0.24, P i 0.05) in all the groups. There
were no other significant correlations between
parameters among the groups.
DISCUSSION

The morphology of the eggshell of the alligator has been described in detail by Ferguson
('82). It consists of an outer densely calcified
layer (100-200 pm thick) made up of layers of
vertically stacked calcite crystals, a honeycomb
layer (3WOO p m thick) of horizontally stacked
calcite crystals, an organic layer (10 pm thick)
containing a relatively greater percentage of organic matrix to calcite crystals than other layers,
and a mammillary layer (2@30 ym thick), consisting of cones of calcite crystals which have
their bases on the organic layer and their tips on
the innermost layer, the eggshell membrane
(150-250 pm thick). Pores extend from the outer
surface of the eggshell through the calcified layers to end between mammillae on the eggshell
membrane. The outer surfaces of the pores are
capped by plugs of material of unknown composition which become dislodged or degraded during incubation. It is generally agreed that water
and gas exchange between the developing embryo and the nest environment occurs by diffusion through the pores of the shell in reptilian
eggs (Ackerman and Prange, '72; Lomholt, '76;
Lutz et al., '79; Ferguson, '82; Whitehead, '87;
Manolis et al., '87) as well as in avian eggs (Wagensteen et d . , '71; Ar et al., '74; Tullett, '75).
Tullett and Burton ('85) noted that variations in
shell porosity may be responsible for the wide
variation in physical properties of blood among
embryos a t the same stage of incubation.
In the present study decreased porosity of the
eggshell appeared to be a feature of eggs with
early embryonic death and infertile eggs (Table
1). It may be that decreased porosity contributed to early embryonic death, possibly due to
decreased respiration of the embryo. A second
possibility is that decreased porosity is a feature
of abnormal and infertile eggs and that the mechanisms involved in decreased porosity as well as
those responsible for early embryonic death have
not yet been determined. Acquisition of normal
porosity might require the presence of a living
embryo at some rather developed stage. If so,
then infertility and early mortality would be
necessarily associated with low porosity.
The poultry industry has long associated
smooth eggshells with good shell quality (Hess,
'86), and some studies have demonstrated a negative correlation between rough shells and hatchability of fertile turkey eggs (Nestor and Bacon,
'81). In the present study rough shells appeared
to be a feature of eggs of penned animals and of

infertile eggs (Table 1).Because the hatch rate of
eggs from captive alligators is lower than that of
wild alligators (Joanen and McNease, '87) and
eggshells of captive alligators are rougher than
those of wild alligators, it may be that the quality
of the eggshell is an indicator of hatchability.
However, eggshells from Group 3 (wild, fertile,
incubated, early embryonic death) had smooth
shells, indicating that eggshell quality could not
be the only indicator of the hatchibility of alligator eggs. Occlusion of pores on shells of eggs from
captives (Figs.2,3) may have been caused by the
rough, knobby deposits on the shells.
There are two possible,but not mutually exclusive, explanations for the differences in porosity
and quality of eggshells of fertile eggs between
the wild and captive alligators of this study.
Alligators in the pens were more crowded than
those in the wild. It has been shown that laying
hens kept in cages at high stocking densities
were more stressed than those housed in low
stocking densities (Mashaly et al., '82; Koelkebeck and Cain, '83; Craig and Craig, '85). The
stressed hens laid abnormal eggs with extraneous calcareous deposits on the outer surfaces of
the shells, which was thought to be caused by the
retention of the eggs in the body beyond the
normal time of oviposition (Sykes, '55; Hughes
and Gilbert, '84). In general, captive alligators
lay their eggs 1-2 weeks later than in the wild. It
is possible that crowding stress of the captive
animals inhibits or delays oviposition, causing
extraneous deposits on the eggshells (Joanen,
personal communication).
Another possible explanation for the abnormal shells is diet. Alligators in pens were fed a
diet of ground nutria, but wild alligators eat a
more varied diet of fish, nutria, birds, etc. Perhaps both diet and crowding contributed to the
differences in porosity and quality of the shells.
It is not difficult to understand why the eggshells of Groups 5 and 6 (wild and captive fertile,
incubated with full-term embryos) were thinner
than those of the other groups. As incubation
progresses, there is extrinsic acidic degradation
of the eggshell by the nesting material (Ferguson, '82), and intrinsic degradation via mobilization of calcium from the eggshell by the growing
embryo (Jenkins, '75; Ferguson, '82). All incubated eggshells of this study were thinned somewhat by extrinsic degradation, but only shells of
eggs with full-term embryos were thinned significantly by both intrinsic and extrinsic degradation. Linear regression analysis showed that as
the shells were degraded and thinned, the pores
increased in number and were enlarged. That
there were no other significant correlations be-
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tween parameters indicates that size (volume)of
eggs did not determine porosity, thickness, or
quality of shell.
In conclusion, our study suggests that decreased porosity of the alligator eggshell may be
associated with early embryonic death, is more
prevalent in eggs of captive than of wild alligators, and may, therefore, be related to poor hatchability among captive animals.
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