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redation refuge, but considerable future
:no?kﬁs needed as l'.hg::e ecological benefits have
not been clearly demonstrated (Boh.ma.ck‘ and
Sutherland, 1985; Bohnsack, 1989; Lindquist et

., 1994).

= A.ltcrn)an'vely. the suggested benefits of artifi-
cial reefs may be reduced by hi‘gh‘ﬁshmg mor-
tality around the structures, as mc!mned by the
57% fishing mortality of ultrasonic tagged red
snapper by hook-and-linc fishers. However,
eight of 23 ultrasonic tag returns in this study
were from well-known public reefs (barges 1
and 2) that probably receive higher fishing pres-
sure compared to privately deployed reefs.

Acknowledgments.—1 thank ]. Conti, M. Goodwin,
J- Howe, and M. McCrory for help in field Ll'ld&-
ing. This research was funded by Aul?urn Uni-
versity Grant-In-Aid, Alhahanmco UnEvemd:‘/TSc::
ce Valley Researc nsortium  a ;
,(\}c:m numg.-r AUTRC-ACHE-94-09-AUB. This
research was accomplished usnc:)er special :C‘:i-'
i mit from the US Department o
l(i:i;l:lgeﬁ: National Oceanic and Atrm)':tphenc
Administration, National Marine Fisheries Ser-
vice. This is contribution number 8—975895 of
the Alabama Agricultural Experiment Station.

LiTERATURE CITED

M. A. Hixox, 1994, Distribution, per-
Bzfiﬁég;'eﬁ:d growth of groupers (Pisces: Serrani-
dae) on artificial and natural patch reefs in the Vir-
gin Islands. Bull. Mar. Sci. 55:47(#4_8_3. |
BOHNSACK, |. A, 1989, Are high densities of fishes at
artificial reefs the result of habitat limitation or be-
havior preference? fbid. 44:631-645. I
. AND D). L. SOUTHERLAND, 1985. Arﬂimgl reef
research: a review with recommendations for future
priorities. Ibid. 37:11-89, TFiR
BORTONE, S. A, T. MARTIN, axp C. M. BUNDRICK.
1094. Factors affecting fish assemblage develop-
ment on a modular artificial reef in a northern Gulf
of Mexico estuary. fbid. 55:319-882. -1
BRADLEY, E., AND C. E. BRyaN, 1975, Life history and
fishery of the red snapper (Lutjanus campechanus)
in the northwestern Gulf of Mexico. Proe. 27th

. Gulf Caribb, Fish. Inst. and 17th Annu. Int.

ann:!ue F(:lh Res. Conf. Miami Beach, Fla. 27577—[0&.
Caveg, P. 1991, Behaviour of yellowfin tuna ( l‘rumn_u.r
albacares) and skipjack tuna (Katsuwonus pelamis)
around fish aggregating devices (FADs) in the
Comoros Islands as determined by ultrasonic tag-

ing, Aquat. Living Resour. 41-12.

FAEI. W. A., . 1980, Tagging studies of red snapper
(Lutjanus campechanus) and vermilion snapper

( Rhamboplites aurorubens) oft the south Texas coast.

trib. Mar. Sci. 28:115-121.
us.r;.zni:urr. D. G., L. B. Caxoon, L E. Gravijo, M. IL

: DEN, L. A, Pk, 5. W. BURK, AND P.
i.mgui‘uﬁf“;:;;t. Reef fish stomach contents
and prey abundance on reef and sand substrata as-
sociated with adjacent artificial and natural reels in
Onslow Bay, North Carolina, Bull. Mar. Sci. 55:308—

318,

MOE, M. A, JR., D. S, BEAUMARIAGE, AND R. W. Tore.

1970. Return of tagged gag, Mycteroperea microlepis,
and Caribbean red snapper, Lutjanis rn_mprckmu:.u
after six years of freedom. Trans. Am. Fish, Soc. 2:
428-429.

MOSELEY, l-‘ N. 1966, Biology of the red snapper, Lu-

tjanus aya Bloch, of the northwestern Gulf of Mex-
ico. Publ. Inst. Mar, Sci. Univ. Texas 11:90-101.

Parker, R, O., D. R, Cousy, aNp T. D. WiLiss, 1983,

Fstimated amount of reel habital on & p_ur[iuu n}’
the U.S. South Atlantic and Gulf of Mexico conti-
nental shelf. Bull, Mar. Sci. 33:935-940.

SaLe, P F, (ep.). 1991, The ceology of fishes on coral

reefs. Academic Press, Inc., New York.

SCHROKDER, W. W, A, W, Suuurz, asn O H. Pusey.

1995, Late quaternary oyster shells and “".'l¢|l‘\'t'|
history, inner shelf, northeast Gull of Mexico, J.
Coastal Res. 11:664-674.

SZEDLMAYER, S. T, AND K. W, AnLE, 19903, Ulrasonic

telemetry of aged summer Nounder, Pavalichthys
dentatyis, movements in a southern New Jersey
tary, Copeia 1993:728-736. ‘

" anD R, L Stier, 1994, Movement and growih
of ved snapper, Lutjanus camprchants, from an ar
dificiul reel area in the northeastern Gull of Mexico.
Bull. Mar. Sci. 55:887-896.

DEPARTMENT OF FISHERIES AND ALLIED AQuact'l-

TURES, AUBURN UNIVERSITY MARINE EXTEN-
SION AND RESEARCH CENTER, 4170 COMMAND-
grs DRIVE, MOBILE, ALABAMA 36615. .E-m'-n!.
sszedlma@acesag.auburn.edu. Submlllc(!: 3
Aug. 1996, Accepted: 12 March 1997, Section
editor: S. T. Ross.

Cipria, 10U7(4), pp. H51-857

Assessment of Reproductive Status in Australian Freshwater Crocodiles
(Crocodylus johnstoni) by Ultrasound Tmaging

ANTON D. TUCKER AND CoLIN ], LiMPUS

Reproductive ecology often focuses on rela-
tionships between reproductive parameters and
female body size. With most erocodilians, data
for clutch size or egg dimensions can be reliably
associated with the female who protects the
nest. However, that approach is impractical for
free-ranging Crocodylus johnstoni because females
display no nest-guarding tendencies (Compton
1981; Webb et al., 1988b). This complication
prompted us to test diagnostic ultrasonography
as an efficient field tool o investigate reproduc-
tive characteristics of gravid female crocodiles.

0.2 kg. After processing, all animals were re-
turned to their capture location.

We used ultrasound equipment (Ausonics
Sonovet 1, Apscan Pty. Ltd., Lane Cove NSW
2066, Australia) with a 5.0 or 7.5 MHz mechan-
ical sector scanner o scan body depths of 10.0-
125 cm, depending on female size. A portable
generator provided power. We restrained fe-
males on their backs and inserted a finger into
the cloaca while external pressure was applied
to the lower abdomen to void all urine or feces
(Limpus, 1984). Ulwrasound coupling gel

The technique is well suited for C. johnstoni be-
cause the species has a small clutch size (4-20
eggs), moderate body size, and lays a single
clutch per year in a welldefined reproductive
season. Therefore, follicle size classes will be dis-
tinct in any given year.

We used ultrasound to characterize appear-
ance, size, and number of follicles or eggs in
gravid C. johnstoni. Ultrasound has been suc-
cessful in assessing reproductive status in tor-
toises (Robeck et al,, 1990; Rostal et al,, 1994),
freshwater turtles (Kuchling, 1989, 1993), ma-
rine wrtles (Rostal et al,, 1990, 1996), snakes
(Smith et al., 1989), and lizards (Sainsbury and
Gili, 1991; Anderson et al,, 1996; Love et al.,
1996). Ultrasound has been used o follow fol-
licular development in captive Caiman lativostris
(Vac et al,, 1992) and hatchling development of
. simmensis (Brazaitis and Watanabe, 1983), but
no studies have quantified clutch size for croc-
odilians by means of ultrasound, This investi-
m is the first assessment of ultrasonography
10 determine reproductive parameters in non-
vaptive crocodilians,

uil

Malevials and methods—We examined 36 wild fe-
males from the Lynd River near Mount Sur-
irise, Queensland, and eight captive females
rom the Queensland Reptile Park near Beer-
ah, Queensland. Investigations coincided with
usting activity in late August to September for
e wild population and October for the captive
vimals, We obtained crocodiles by hand cap-
Hie or with nets. We placed crocodiles on their

'vicks 1o obtain measurements for snout-vent

‘"gth (SVL, to the nearest 0.1 cm). We placed
rocodiles in a rope sling auached to a Salter
"' kg scale to measure their mass to the nearest

(Aqs ic 100, Parker Laboratories, Orange,
NJ) was applied before the transducer was
placed in a ventrolateral position on the abdo-
men to scan. Left and right sides were scanned
independently to simplify counting and mini-
mize acoustic shadows from gastralia in the bel-
ly or osteoderms in the flanks. Distinct circular
or elliptical images were frozen on-screen and
mensured with builtin electronic calipers. Av-
erage dimensions of eggs or follicles were cal-
culated from three measured images per fe-
male, Ultrasound scans were conducted before
laparoscopy to avoid possible sonic interference
from air remaining in the abdomen after lapa-
I'UM.'UP}'.
Ultrasound diagnoses were confirmed quali-
tatively by cloacal examination or laparoscopy
for the wild population. Examinations consisted
of inserting a finger via the cloaca into the low-
er intestine, voiding any fluids, and palpating
through the intestinal wall for follicles or eggs
(Limpus, 1984). For laparoscopic examinations,
the lateral body wall anterior to the right hind
limb was cleaned with alcohol and a 1-em inci-
sion made in the body wall. A 7mm O. E. wo-
char and cannula with valve were inserted
through the incision, A Storz 260318 Hopkins
telescope (O. D. 6.5 mm, forward-oblique view-
ing, 30° wide angle, incorporating fiber optic
light transmission) connected to a Storz 482B
cold light source was inserted through the can-
nula. The coelomic cavity was inflated after vi-
sually checking that the tip of the scope was be-
tween coils of intestine, Internal structures were
described following Limpus (1984) and record-
ed on videotape, Chromic gut (3.0) was used to
close the incision. Laparoscopies were per-
formed without prior knowledge of the ultra-
sound results. Laparoscopy provided qualitative
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information on reproductive status but no three females werc scanned before all intestinal
counts of egg numbers because of the physical  fluids were voided. Follicles were detected and
restrictions of the viewing field. measured after a second effort was made to void

Results acquired by ultrasound were com- all urine, but reliable counts were not possible,
pared with data from nesting surveys of the The second situation was in distinguishing be-
Lynd River (C. J. Limpus and K. McDonald, un-  tween nonreproductive females and postovipos-
publ. data). Additional validation was obtained ition females. For example, no remaining folli-
from captive females in the Queensland Reptile  cles were detected in female 268, but we could
Park. Females were intercepted during explor-  verify that the female was postoviposition rather
atory nesting attempts in their enclosure and than not breeding for that season after viewing
scanned. Confirmations of reproductive status corpora lutea via laparoscopy and noticing a

or egg counts were obtained later from direct loose cloaca that lted from oviposi (Ta-
counts of nest contents. ble 1). The same conclusion was reached for a

Electronic measurements were checked captive female that retained a few enlarged fol-
against preserved reproductive tissues from a  licles after nesting (see below).
gravid female that died at the Lynd study site Ultrasound detected no previtellogenic folli-
(35741). The intact reproductive tract was cles in pubescent females (n = 11) or in non-
placed in a water bath to scan and measure the  breeding adult females (n = 1) nor did it pro-
diameter of each follicle with the on-screen vide information on developmental state of the
electronic calipers. Follicle measurements were  oviduct, i.e., immature animals could not be dis-
repeated with Vernier calipers and compared by  tinguished from adulis. Other organs down to
a paired two-tailed Ftest 10 mm diameter were imaged (e.g., loops of in-

testine and heart ventricles); therefore we con-

Results—We examined a total of 45 cases, in-  cluded that previtellogenic follicles (2-4 mm in
cluding a preserved reproductive tract and sev-  the preserved reproductive tract) were anechoic
en females that were examined wwice each (Ta-  or below the equipment’s resolution limit, Cor-
ble 1). Once the cloaca and lower digestive tract  pora lutea were visible with laparoscopy (10-15
were voided, recently ovulated (less calcified) mm diameter) but undetected by ultrasound,
and fully developed (well calcified) oviductal —perhaps for the same reason. No atretic follicles
eggs appeared as echogenic ellipsoidal images  were detected by either ultrasound or laparos-
(Fig. 1). Egg dimensions averaged 70 X 37 mm  copy. It was unknown whether any follicles that
with ranges of 62-83 mm in length and 82-42  remained in postovulatory and postoviposition
mm in width (Table 1). Eggs were more echo-  captive females would become atretic or be re-
genic than vitellogenic or preovulatory follicles  tained until the next reproductive cycle.
and thus easier to count (18 of 18 females). Vi- In the wild population, cluteh size increased
tellogenic and preovulatory follicles appeared  significantly with female SVL (F,, = 9.42, ' =
as clusters of round echogenic images. Two gen-  0.006) and mass (F, 3 = 1346, P = 0.001), but
eral size classes of larger follicles were distin-  there was no relationship between egg dimen-
guished because some females were further ad-  sions and SVL or mass (Fvalues ranged from
vanced in vitellogenesis than others, The largest

0.16-0.80). Lincar relatonships of SVL and

follicles were 32-38 mm diameter (n = 11 fe- mass against reproductive output (Fig. 2) were
males) and regarded as matre preovulatory clutch size = 0.17(SVL) — 1.332 and clutch size
follicles (Table 1). Follicles less than mature- = 0,32 (mass) + 8,95, but these relationships
sized but regarded as in vitellogenesis for the explained only 32% and 38% of the variance,
present breeding season (n = 3 females) respectively. A condition index of mass to
ranged from 22-27 mm in diameter (Table 1). length (kg/cm SVL) gave minor improvement
A few smaller follicles (10-19 mm) were occa- in explaining reproductive output (clutch size
sionally seen, but this size class was believed to = 46,03 [condition index] + 6.22, r* = 042,
be too small to mature in the same reproductive  F,y, = 14.18, P = 0.001).
season, given that scans were conducted so close Average clutch sizes were similar between the
to the onset of nesting. Ten of 13 females with  ultrasound study (# = 13.8, SD = 2.4, n = 21)
vitellogenic follicles were imaged well enough  and a Lynd nesting survey (£ = 11.8, SD = 2.5,
to provide a confident count (Table 1). n = 19), indicating that ultrasound gave a rea-
Laparoscopy (n = 27) or cloacal examina- sonable estimation of the average reproductive
tions (n = 46) confirmed that all gravid females output. However, this small difference was sta-
were correctly diagnosed by ultrasound al-  tistically significant (¢ = 2,58, 28 df, P < 0.05),
though two situations warranted comment. The  and given the relationship between body size
first situation was a procedural difficulty when and reproductive output (Fig, 2A), a difference
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TABLE 1. CounTs AND DimMENSIONS OF Ecos RALIAN
! A AND FOLLICLES FROM FEMALE AusT g
rfi g:u;::z:’ ;.;hm!:m) AS pmzmm:n BY ULTRASOUND, Females are identified by num&n;s;x:al;l A“C’:!;?comms
m.ml s for br:" dgptm population, x.md 1 for the necropsied animal. Developmental slale: ' Jw 5%
e cnrcmeﬂ; - : :12' lll};:; ;e:lgple: ::ﬁll-cojc.:;_i:d!olriclu. : = preovulatory follicles, 8 = recen.l‘;; 'ovuTntpe:-
" ggs, 4 ki cilied eggs, and 5 = postoviposition. D) :
l[_:l : 3) n:‘ ni:::::l: idm“e“f" or av:.:;:sebller:ii:hu and widths of she!lc%o cggs.P . indi:lu:'::n:ﬁir;:l::t:l:;?:z:
g ncoimpletely votded bladder. ** designates a post I i

no follicles or eggs by ultrasound (0) but bearing corpg:rz luwal::‘h‘::ulc:t:;’;rf:zn:zl; I:b)af sl s,
cloaca when examined by cloacal palpation. sl i

Fenwle SVL
[1}] e (cm) Fll:']. &mil-.]‘ . Iu:w o y
35741 95 721 88 6,6 =
1908 05 79.4 7.8 0.0 s -
95 7.2 73 0.0 =
1889 % 75,0 80 5,5 H 6 x 3
wooonoomoom o w °
: s 90 _
658 95 769 8.5 00 o s
2955 95 7.4 87 . : _'
877 95 78 920 0,0 e
244 94 78 0.5 6,8 : a2
st 95 78.4 85 0,0 5 =
1549 95 785 9.8 6,6 2 M
9156 o5 78.7 135 75 2 4
249 94 79.7 8.8 0.0 0 "
634 a5 85.0 110 8 6 2 %
226 04 89.6 10.0 0,0 s
295 05 835 100 0.0 0 -
27 95 8.0 115 0,0 o -
05 05 845 125 55 2 3
5 01 849 11.0 . 1 4
:1‘7?‘ a5 84.8 11.2 6, 8 1 %
w v 7.5 121 7.6 2 .
a7 m 878 15 810 3 o 37
Mo 5 88,5 18,7 7.6 9 5
l-w; 04 R85 180 0,0 0/ 5% »
76 94 905 155 57 ) 8
976 95 90,0 16.0 8.7 : i
$170 04 00,4 148 77 a R
212 4 910 145 56 h e
o :
w o oLl 15,1 68 3 g;”—,-
Bl o 2 17.0 6.6 2 38
:&fg 95 031 e i 2 Ak
A 3: 034 200 7.8 4 - 35
A 0 935 = 8,9 4
9 95 044 188 8.8 3 oo
6o 9% 96.0 : 5
1 = 5.5
T o 96.0 225 6,8 : ol %
TA g 081 e 8.9 4 68 % 8
p 94 99.8 23.0 8,10 4 =t
i o 904 23,0 10,9 4 66 X 38
319 o4 100.9 198 7.6 4 81 X 42
i g 101.0 = 77 3
9% 1042 s 0.0 5 sl
TE 9% 1091 = 0,0 0 =
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Fig. 1. Uluasound image (lateral view) of a soft-
shelled oviductal egg in a female Crocodylus johnstoni.
The white elliptical border outlines the calcified shell
surrounding the egg contents. The sphere centered
in the dark elliptical area of the egg contents shows
a welldefined yolk. Egg dimensions are 7.8 cm X 39
cm.

among years in female body size may have con-
tributed to a minor difference in reproductive
output. Mean body size of breeding females in
the ultrasound sample (88.5 cm SVL, SD =
779, n = 21) was larger than for the nesting
survey (84.2 cm SVL, SD = 6.41, n = 12) f’"
though the difference was not statistically sig-
nificant (¢t = 1.63, 28 df, P =0.10) because of
low statistical power (power was 0.36 for Co-
hen's effect size d = 0.59 and alpha = 0.05).
All captive females were correctly diagnosed,
whether gravid (n = 6), pmtnvipusiﬁun (n =
1), or not breeding (n = 1). Most nests were
destroyed before eggs could be counted; wwo fe-
males laid 16 and nine eggs after 15 and 10 eggs
had been estimated by ultrasound. Average ¢gg
measurements by ultrasound for these clutches
were not significantly different from average
egg dimensions in length (P > 0.05) or width
(P > 0.06). A female (AS) examined one week
after nesting retained a preovulatory-size follicle
(41 mm) and three vitellogenicsize follicles
(30-32 mm) and, on this basis, was correctly di-
agnosed as a female postoviposition. One fe-
male (ME) was bearing 14 shelled eggs but also
retained three follicles (each 37 mm). Only two
follicles (13, 19 mm) were found in the largest
female (TE), and she did not breed that year,
The preserved reproductive tract examined
in vitro contained vitellogenic follicles from 19~
29 mm, a smaller size class from 9-17 mm, and
previtellogenic follicles of 2—4 mm. There was
no difference between vitellogenic follicle di-
ameters measured by electronic calipers and
Vernier calipers (paired Hest, 11 df, ¢ = 0.64, P
= 0.54).

Diseussion—Ultrasound diagnosis was correct in
assessing reproductive status if crocodiles were
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Fig. 2. Clutch size ploted against (A) body siee
and (B) body mass for breeding female Crmocodylus
julmstoni in the Lyne River, Slopes are leastsequared
regressions reported in the text.

examined before oviposition and with due care
taken to void the intesine. Egg or follicle
counts were obtained for 91% of gravid females.
Difficulties in counting eggs or follicles (as op-
posed to detecting them) were related to in-
completely voided intestines. Similar precau-
tions are needed for correct assessment of re-
productive status during cloacal examinations
(Limpus, 1984). This result differed from find-
ings in turtles in which bladder urine was not a
source of visual impairment on scanned images
(Rostal et al., 1990; Kuchling, 1989).

We did not resolve images for previtellogenic
follicles, corpora lutea, or late stage atretic fol-
licles by ultrasound, possibly because of equip-
ment limitations. Corpora lutea meu.mre.d sev-
eral months after oviposition were approximate-
ly 17 mm in C. Johnstoni (Webb et al,, 1983a),
10 mm diameter in €. niloticus (A. Graham, Ke-
nya Game Dept., 1968, unpubl.), and less than
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10 mm in Alligator mississippiensis (Guillette et
al,, 1995). Only one of two postovulatory fe-
males had large follicles remaining, and these
were not atretic at the time of scanning. Atretic
follicles in A. mississippiensis are seldom greater
than 20 mm, and postovulatory females gener-
ally have from 1-4 atretic follicles. However, the
low number of atretic follicles suggests that
most follicles that enter vitellogenesis are ovu-
lated (Lance, 1989). Latestage awetic follicles
in turtes have an anechoic center bordered by
a hyperechoic layer (Rostal et al., 1990). If sim-
ilar atretic follicles occur in C. johnstoni, resolv-
ing the size and composition should not be
problematic, A linear array probe would be
more effective to detect small structures than
the sector scanners we used (Rostal et al., 1990).

In C. johnstoni, previtellogenic follicles were
1< mm (Webb et al., 1988b; this study), and
intermediate-sized follicles measured from 7-17
mm in nonbreeding adults (Webb et al., 1983b;
this study). We found that vitellogenic follicles
ranged from 22-38 mm with the preovulatory
size class from 32-38 mm. Intermediate follicle
sizes are also noted for C. niloticus, A. mississip-
piensis, and C. latirostris (A. Graham, Kenya
Game Dept., 1968, unpubl,; Lance, 1085; Vac et
al,, 1992). Preovulatory follicles are 40-45 mm
in A. mississippiensis (Lance, 1985, 1989), 30-35
mm in C. latirestris (Vac et al., 1992), and 40-50
mm in C. niloticus (A. Graham, Kenya Game
Dept., 1968, unpubl,). The similar gradients in
follicle size suggest that any follicles remaining
after ovulation (Webb et al., 1983b; Vac et al.,
1992; this study) either become follicles for a
subsequent season or undergo atresia. In only
one female were we able to observe follicles
when shelled eggs were also present. We cannot
say whether this was a general result of all fol-
licles being ovulated in the single cluich per
year or whether strong acoustic reflections from
calcified eggs obscure the images of any re-
maining follicles.

A large temporal window exists for detecting
breeding status via ultrasound because vitello-
genesis extends for several months in crocodil-
ians (Lance, 1989; Vac et al., 1992), and the pe-
riod of ovulation to oviposition lasts an addi-
tional 8—4 weeks (A. Graham, Kenya Game
Dept., 1968, unpubl; Joanen and McNease,
1980). However, corpora lutea were undetected
by ultrasound even though 15-mm scars were
visible by laparoscopy. Therefore, late in the
nesting scason, scans do not distinguish be-
tween pubescent females, nonbreeding adult fe-
males, or females that have already oviposited
unless enlarged follicles are noticed (as in cap-
live female AS).

Egg counts validated from the captive females
suggest that ultrasound provides a reasonable
but not always accurate estimate of clutch size.
Larger samples are clearly needed, but if count
discrepancies for captive females are represen-
tative, biases of the order of 6-9% can occur if
eggs are difficult 1o image or lie within an
acoustic shadow. Vitellogenic follicles that are
not ovulated can also inflate estimates of repro-
ductive output if follicle counts rather than egg
counts are used to estimate reproductive out-
put. Kuchling (1989) found a similar discrep-
ancy (~7%) by ultrasound when comparing
numbers of preovulatory follicles, oviductal
eggs, and eggs oviposited by the trte Chelodina
oblonga. We consider +1 egg or follicle to be a
reasonable error estimate for the range ol
clutch sizes produced by C. johnsioni or C. oblon-
ga. Other rescarchers report difficulty in achiey-
ing clutch counts for turtles with large cluiches
or multiple clutches per season (Rostal et al.,
1990) compared with turtles that have a single
small clutch (Kuchling, 1989). We anticipate
similar difficulty in achieving precise egg counts
for crocodile species with high fecundity. There
are alternative methods to assess reproductive
status in crocodiles (Gibbons and Greene, 1979;
Webb et al,, 1983a; Limpus, 1984). For our
study, the combination of diagnostic ultrasound
and laparoscopy had distinct advantages in rap-
id field assessment (Table 2).

We tested standard veterinary equipment that
required limited training because similar equip-
ment is available to most researchers. Improved
resolution can be expected with equipment of
improved quality or if a linear convex probe is
used (cf, Rostal et al., 1996). A 5.0 or 7.5 MHz
transducer was appropriate for C. johnstoni, but
a 3.5 MHz probe would provide greater scan-
ning depths for larger crocodilians, However,
scanning heavily ossified crocodilians such as
Paleosuchus or Osteolamus may prove difficult if
osteoderms cause acoustic shadowing. For ex-
ample, lateral positions for scanning provided
the hest resolution in C. latirostris because of the
heavy ossification of belly scales (Vac et al.,
1992).

Diagnostic ultrasound is commonly used by
captive breeding programs and zoological
parks, but our investigation illustrates its prac-
tical use for studies of ecology and life history.
Because female C. johnstoni were seldom en-
countered during nest-finding surveys, size-re-
lated reproductive information was previously
lacking. The existing information on size-relat-
ed reproductive output in €, jehnsteni consisted
of four females from the McKinlay River, two
from the Katherine River, and two from the
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TABLE 2. TECHNIQUES FOR DIAGNOSIS OF REPRODUCTIVE STATUS IN REPTILES.

Technique Cont Portability Training Detects Disdvantages

Dissection low high low all stages requires sacrifice of animal

Surgery low high high all stages low processing rate, not well
suited as a field echnique

RIA high low high hormonal samples taken in the field levels
only but not a field diagnasis

Cloacal exam 0 high low all stages qualitative information only

Laparoscopy high high high all stages qualitative information only

x-ray high limited moderate  shelled eggs does not detect follicles

NMR very high limited  high all stages not widely available, impractical
for field diagnosis?

Ultrasound moderate high moderate  all breeding limits of image resolution

Mann River, pooled to derive a tentative rela-
tionship for female size and clutch parameters
(Smith, 1987), In contrast, ultrasound provided
a rapid means (10-15 min per crocodile) to de-
termine that female reproductive output was
scaled with body size in C. johnstoni, a trend in
common with other crocodilians (Thorbjarnar-
son, 1996). Given the uniformity of crocodilian
ovarian anatomy, ultrasound equipment may be
useful to investigate similar questions with croc-
odilians that have small clutches or where nest-
guarding is uncommon.
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