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ABSTRACT

Chow, S. and Sandifer, P.A., 1991. Differences in growth, morphometric traits, and male sexual ma-
turity among Pacific white shrimp, Penaeus vannamei, from different commercial hatcheries. Aqua-
culture, 92: 165-178.

Postlarvae of Penaeus vannamei from four commercial hatcheries (lots) were divided between two
laboratory sites. Body length, body weight, condition factor, male sexual maturity, and ratios of the
101l lenoth and caranaca width ta hadv lanoth wara manitarad at dave S0 R0 11 lﬂ l7n 200 21U anrl

tail length and carapace width to body length, were monitored at days 50, 80, 200,230 an
270. There were small differences in body size between sexes within each lot at all age groups. Consis-
tent differences were observed between sexes in the proportional variables for all age groups and sites.
Males had a larger average tail length ratio than females, while females had a larger average carapace
width ratio and higher average condition factor than males. Average tail length ratio of younger age
groups was smaller and the average condition factor was lower than those of the older groups.
Significant differences in all of the morphometric traits were found between sites, indicating that
the environmental differences affected not only the growth but also the shape of the shrimp. Rank
order of the lots for all of the morphometric traits varied among age groups and between sites. How-
ever, certain lots consistently exhibited significantly smaller values for the proportional variables than
other lots, independent of age and site. Percent of maturing malies was significantiy different among
lots, and the rank order was consistent for ages and sites. These results suggest the presence of genetic
differences for morphometric traits and male sexual maturity among the shrimp hatchery lots, al-
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INTRODUCTION

There has been little attempt to date to
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taceans for aquaculture. This is largely because of the dearth of pertinent in-
formation. A few studies have dealt with genetic variation in quantitative
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traits of decapod crustaceans (Hedgecock et al., 1976; Hedgecock and
Nelson, 1978; Malecha et al., 1984; Lester, 1988; Lutz and Walters, 1989).
However, a number of surveys have attempted to detect differences in mor-
phometric traits between sexes and among localities and size groups for pen-
aeid shrimps (Anderson and Lindner, 1958; Fontaine and Neal, 1968; Klima,
1969; Villaluz et al., 1969; Fontaine and Neal, 1971; Thomas, 1975; Farmer,
1986; Huang et al., 1989). While useful, these studies have been limited be-
cause the samples came from wild populations which differed in age, paren-
tage, and location.

In the present paper, we report observations on differences in growth, mor-
phometric traits and male sexual maturity among production lots of Penaeus
vannamei from four hatcheries. These lots had the advantages that the ani-
mals were all of similar age, that they resulted from a quite small (but, unfor-
tunately, undefined group of parents) and that, within a lot, they were sub-
jected to virtually identical rearing conditions.

MATERIALS AND METHODS

Rearing condition

Separate lots of postlarval Penaeus vannamei were acquired from four com-
mercial hatcheries, designated as A, B, C and D, in February 1988. (These
same lots of postlarvae were designated A, D, B and C, respectively, by Stokes
et al., 1989). Since the postlarvae came from different hatcheries, it was im-
possible to standardize their ages. Thus, the lots of animals were introduced
into the laboratory rearing system at ages PL27 (27 days following the molt
to postlarvae), PL19, PL13, and PL8 in lots A-D, respectively. No informa-
tion was available on the size of the parental groups for each lot, and it was
assumed that some or all of the lots were mixed offspring from several fami-
lies. Each lot was divided into two groups, one reared at the Marine Resources
Research Institute (MRRI) in Charleston, SC, and the other reared at the
Waddell Mariculture Center (WMC) near Bluffton, SC.

At MRRI, 700 postlarvae from each lot were placed into concrete tanks
(2.9%1.2x0.8-0.9 m deep) at a density of 200 shrimp/m? of tank floor. Sea-
water (10-34 ppt) was circulated through a biological filter and returned to
the tank at a rate of 12 1/min. Tap water was added weekly to replace losses
to evaporation and cleaning, and half the total volume of seawater in the sys-
tem was replaced with fresh filtered seawater every 2 months. The juveniles
were fed minced squid and shrimp meat for the first 50 days of the study and
a 38% protein commercial trout feed (Zeigler Brothers, Gardener, PA) there-
after. The shrimp were fed twice daily morning and evening. Water tempera-
ture ranged from 19 to 32°C.

At WMC, the postlarvae were first stocked in circular fiberglass tanks (1.8
m diameter and 0.8 m deep) at 645 shrimp/m? of tank floor. They were fed
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three times daily with frozen adult Artemia, chopped squid, postlarval diet
and commercial shrimp grow-out pellets (Zeigler Brothers, Gardener, PA).
Continuous water flow was maintained at an exchange rate of 170%/day. On
day 70, the juvenile shrimps were transferred into larger circular fiberglass
tanks (6 m diameter 0.8 m deep) at 30 shrimp/m? of tank floor. A 40%
protein shrnimp grow-out diet (Zeigler Brothers) was fed three times/day, with
chopped squid offered as a supplemental food three times/week. Water ex-
change rate in these tanks was 59%/day. Temperature and salinity ranged
from 20 to 33°C (mean, 27.8°C) and 30 to 32 ppt (mean, 31 ppt).

Measurements

Measurements of individuals exhibiting body deformities were excluded
from consideration. Body weight (BW) was measured to the nearest 0.01 g.
Body length (BL) (from postorbital edge to tip of telson), carapace length
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pace width (CW) (maximum width), as shown in Fig. 1, were measured to
the nearest 0.1 mm. Tail length (TL) was calculated as BL-CL. Ratios of tail
length (TR) and carapace width (CR) were calculated for body length. The
condition factor (CO) was calculated by the formula: CO= (BW/BL3) x 10°.
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Fig. 1. Morphometric traits measured in Penaeus vannamei. BL, body length; CL, carapace
length; CW, carapace width; TL, tail length.
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After day 110, sex could be determined by observing the male and female
gonopores. After day 170, male sexual maturity was determined according to
the appearance of the terminal ampullae. Males possessing full, whitish ter-
minal ampullae were recorded as maturing males. At MRRI, the samples

maacnrad A r]ouc SN N and 110 wara nat returnad ta the tanke fallawing
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examination. Measurements were carried out only on day 230 at WMC. Sur-
vival counts were made on day 270 at MRRI and on days 70 and 195 at WMC.

The absolute (BL and BW) and relative (TR, CR and CO) variables were
log-transformed for analyses of variance (ANOVA) which were performed
for sex, stock, age group and site. Duncan’s multiple-range test was used to
determme rank order among lots, age groups and sexes. The G-test, using a
contingency table, was employed to detect differences in the number of ma-

turing maies among the four hatchery iots and between the two rearing sites.
RESULTS

Survival

A total of 143 to 150 individuals was removed from each lot reared at MRRI
during sampling on days 50, 80 and 110. These shrimps were subtracted from
the initial population size (700) for each lot, and survival at day 270 was
conservatively estimated, based on corrected initial population size of 550-
557 shrimp/lot. Lot A showed the highest overall survival rate (50.7%), fol-
lowed by B (29.0%), C (14.4%) and D (7.0%). Similar trends were observed
among the lots reared at WMC. At day 70, survival rates were 82.4, 67.4, 60.8
and 37.9% for lots A-D, respectively. Survival from day 70 to day 195 fol-
lowed the same pattern with 76.8, 63.8, 73.2 and 55. 9% in lots A-D, respec-
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hatchery lots exhibited clear differences in relative survival in laboratory cul-
ture, with A>B=C>D.

Body size

Significant differences in body length and weight were observed among the
four hatchery lots (Tables 1 and 2). These differences varied somewhat over
the culture period, and Duncan’s multiple-range test indicates that the rank
order of the lots was not consistent over time or between sites. However, the
shrimp in lot D tended to be larger than those in the other lots from day 200
onward, reflecting iot D’s lower survival and correspondingly lower popuila-
tion density. At day 110, males were significantly larger than females in both
length and weight, but at the end of the study (day 230 at WMC and day 270
at MRRI), females tended to be slightly heavier than males (Table 2).
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TABLE 1
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Age (Site) Lot N! Male? N Female Difference
between sexes?
50 A (50) 209+ 4.0
(MRRI) B (50) 242+ 6.6°
C (50) 245+ 5.2°
D (50) 233+ 4.5°
80 A (50) 358+ g.1°
(MRRI) B (50) 36.2+12.0°
C (50) 42.6+12.5*
D (50) 39.3+13.9%
110 A (20) 61.7+ 6.8° (30) 58.7% 8.6 M*
(MRRI) B (23) 70.5%21.0° (25) 56.4+18.3¢
C (30) 73.4+1422 (20) 68.7114.1%®
D (26) 72.4%17.0° (17) 73.8%£15.92
170 A (50) 90.1+ 3.3° (50) 90.7t 4.2°
(MRRI) B (49) 96.5+10.2* (40) 97.9+10.2°
C (43) 99.4+ 9.7° (24) 98.6+ 9.6*
D not measured
200 A (44) 97.8+ 5.0° (44) 98.0t 6.1°
(MRRI) B (44) 99.8+ 7.4%¢ (36) 102.5+ 9.3°
C (42) 103.1+ 8.1° (21) 100.6+ 8.3°
D (20) 110.5+11.0° (26) 109.0+13.3*
230 A (50) 100.4+ 4.0° (50) 101.1+ 5.3°
(MRRI) B (48) 104.6 8.8° (49) 105.7+ 9.3°
C (48) 106.8+ 7.4° (38) 105.31£10.4°
D (20) 1154+ 7.42 (25) 117.6+12.9*
230 A (47) 102.3+ 8.0* (49) 103.1+ 6.4%°
(WMC) B (50) 98.4+ 9.6* (50) 99.3+10.5°
C (46) 98.2+ 7.9* (50) 99.9+12.5°
D (48) 101.0+14.1* (45) 106.7+13.12
270 A (50) 112.6% 5.1° (50) 114.5+ 4.8°
(MRRI) B (48) 106.4+ 8.0° (46) 109.7+ 8.9°
C (48) 113.7+ 7.3° (29) 112.4410,1%
D (21) 121.04+ 7.72 (18) 120.1+11.92

"Number of individuals measured.

Sex was not determined on days 50 and 80.

3Means within each age group in each sex carrying different superscripts are significantly different at
P<0.05 (one-way ANOVA).
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Tail-lengthr (TR) data are summarized in Table 3. Note that wherever
there were 51gn1ﬁcant differences among lots, lot B exhibited the smallest TR.
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Age (Site) Lot Male! Female Difference
between sexes’
50 A 0.12+0.07*?
(MRRI) B 0.221+0.15%
C 0.21+0.13*
D 0.18%0.10°
80 A 0.64+0.38°
(MRRI) B 0.78£0.70°
C 1.22+0.99*
D 1.03+1.012
110 A 2.87+0.90° 2.51+0.95° M*
(MRRI) B 5.45+3.53 3.0312.60°
C 5.43+2.36 4.67+2.36%
D 5.461+3.25° 5.82+2.69%
170 A 9.64+0.97° 10.01+1.41°
(MRRI) B i3.23+3.52¢° 13.91+£3.67*
C 13.97+3.39* 14.05+3.63
D not measured
200 A 12.21+1.64° 12.54+2.18°
(MRRI) B 14.11+2.81° 15.63+3.63°
C 15.2013.10° 14.63+2.89"
D 19.66 +4.86% 19.07£35.76%
230 A 13.36 £ 1.48¢ 13.87+1.96°
(MRRI) B 16.27+3.62° 17.30+ 4.04°
C 17.3113.10° 17.41+4.42°
D 22.02+4.18 22.3246.30°
230 A 14.16 +2.57° 14.58 +2.45°
(WMCQC) B 13.68+3.532 14.31 +3.94°
C 13.21+£2.85% 14.32£4.58°
D 14.66 £ 6.05° 17.47+£5.46*
270 A 19.18 £2.50° 20.44 +2.54°
(MRRI) B 17.74£3.22¢ 19.60+4.31°
C 20.81+3.29° 20.94 + 4.86°
D 25.38+4.52¢ 25.17+6.37°

For 1, 2 and 3, see 2, 3 and 4 in Table 1, respectively.

The average TR did not appear to be related to survival rate, but there were
mgmf'mm and consistent differences between the sexes, with males always

exh1b1t1ng a larger mean TR than females. However, this dlfference in TR did
not appear to be related to the slight difference in size between the sexes, since

Y7

the TR was posmvely correlated with BL and BW and females tended to be

larger than males.
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TABLE 3

Means of tail length ratio (TR) *s.d., in each lot, age, sex and site

Age (Site) Lot Male! Female Difference
between sexes®

50 A 0.731+0.012?2
(MRRI) B 0.72910.0122

C 0.731£0.010?

D 0.730+0.008*
80 A 0.734+0.007*
(MRRI) B 0.727+0.015"

C 0.733+0.0122

D 0.7321+0.0122
110 A 0.744+0.005* 0.745+0.0072 M*
(MRRI) B 0.743+0.011* 0.729+0.015°

C 0.745+£0.013° 0.74310.009*

D 0.749 +0.009* 0.746 £0.010*
170 A 0.747+0.004? 0.743+0.003° M***
(MRRI) B 0.741+0.011° 0.738+0.009°

C 0.748 £ 0.004* 0.7451+0.0072

D not measured
200 A 0.745+0.005* 0.74210.004* \Y i
(MRRI) B 0.746 £0.007* 0.739£0.009*

C 0.748 £ 0.005* 0.741 £0.0082

D 0.747+0.005* 0.741£0.010*
230 A 0.747+0.003° 0.742+0.0042 M***
(MRRI) B 0.742+0.009° 0.737+0.006°

C 0.745+0.012% 0.742%0.0072

D 0.748 £0.004* 0.742£0.0062
230 A 0.749+0.007* 0.744+0.008 M
(WMC) B 0.746 +0.009* 0.74510.006*

C 0.74940.005* 0.744+0.0072

D 0.747+£0.010° 0.74310.0092
270 A 0.749 +0.004% 0.744+£0.003 M***
(MRRI) B 0.743+0.008° 0.735+0.008*

C 0.749+0.008* 0.742+0.005%°

D 0.747+£0.006* 0.741£0.007°

For I, 2 and 3, see 2, 3 and 4 in Table 1, respectively.

TR was related to time in culture (“age”). No differences in TR developed
between days 50 and 80 (two-way ANOVA; F=1.72, P>0.1) or among days
110 to 270 for either sex (two-way ANOVA; male: F=1.68, P>0.1; female:
F=0.92, P>0.1). However, pooled data combining sexes indicated signifi-
cant differences between the early (50 and 80) and later (110 to 270) parts
of the rearing period (two-way ANOVA; F=641.37, P<0.001). On day 230,
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TABLE 4

Means of carapace width ratio (CR) *s.d. in each lot, age, sex and site

Age (Site) Lot Male! Female Difference
hatwann cavac 3

50 A 0.141 +0.0082
(MRRI) R 0.151x£0.009°

C 0.149 +0.006*

D 0.147+£0.006*
80 A 0.141 +0.006°
(MRRI) B 0.151£0.008°

C 0.148+0.009°

D 0.1474£0.007°
110 A 0.14010.004° 0.13910.005° Fr**
(MRRI) B 0.143£0.006% 0.149+0.009*

C 0.144 £0.008* 0.14710.007*

D 0.146 £0.007° 0.151 £0.008*
170 A 0.141 £0.004° 0.143 £0.004° F***
(MRRI) B 0.148+0.007% 0.151+0.008*

C 0.14540.006* 0.15010.008*

D not measured
200 A 0.138+0.006° 0.140£0.004° | Sl
(MRRI) B 0.145+0.007* 0.147+0.008°

C 0.144+0.0072 0.149+0.007¢

D 0.146 £0.007° 0.14910.0072
230 A 0.140£0.005° 0.142+0.004° | S
(MRRI) B 0.146 +0.006" 0.148£0.007°

C 0.145+0.007° 0.149+0.009*

D 0.146+0.007° 0.14740.008*
230 A 0.145£0.006¢ 0.147+0.005¢ Fr>*
(WMC) B 0.15210.006* 0.156 £0.006*

C 0.150+0.006° 0.152+0.006°

D 0.148 £ 0.005" 0.152+0.005°
270 A 0.138 £0.004¢ 0.140 +£0.005° | S
(MRRI) B 0.146£0.007* 0.14910.008*

C 0.143+0.006° 0.14710.007*

D 0.145+0.007%° 0.146 +£0.007%
Farl T70md2 cnn? 2aomd A ie Takla 1 cacemandiants,
rutl 1, Lallu o, dC L, Jalusul 1aviv 1, lcbpc\,llVCly

the MRRI group exhibited a significantly smaller average TR than the WMC
group (two-way ANOVA; male: F=7.73, P<0.01; female: F=18.07,
P<0.001).

1 i 1 e in caranace width ratin
Significant differences in carapace width ratio (CR) were observed among

lots for all sampling periods (““ages™) (Table 4). Lot A always exhibited the
smallest average CR. Females were found to have a significantly larger aver-
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1, age, sex and siie

Age (Site) Lot Male' Female Difference
between sexes

50 A 1.175+0.095
(MRRI) B 1.2701£0.109*

C 1.249+0.078*

D 1.242+0.106*
80 A 1.210+0.068°
(MRRI) B 1.246£0.079*

C 1.27410.1022

D 1.244+0.072*
110 A 1.185+0.043" 1.177+0.053°
(MRRI) B 1.2691+0.065° 1.296 £ 0.109*

C 1.270£0.094° 1.295+0.0882

D 1.254+0.0812 1.298+0.081*
170 A 1.320£0.107° 1.336 £0.054° F*
(MRRI) B 1.437+0.130° 1.457+0.092*

C 1.396+0.093? 1.438+0.097*

D not measured
200 A 1.300£0.060°¢ 1.319+0.058"° Fr*
(MRRI) B 1.402£0.080%" 1.432+0.080°

C 1.374+0.091° 1.427+0.100*

D 1.430+0.087* 1.430+0.0922
230 A 1.318 £0.060° 1.335+£0.047¢ | Sl
(MRRI) B 1.402£0.076* 1.445+0.085%

C 1.412+0.091* 1.466+0.106*

D 1.420+0.098® 1.400£0.091"
230 A 1.317£0.104¢ 1.3194+0.052¢ F*
(WMC) B 1.405+0.062* 1.430+0.0812

C 1.37710.065% 1.392+0.081°

D 1.367+£0.079° 1.397+£0.088°
270 A 1.337£0.041° 1.356+0.059° F*
(MRRI]) B 1.459+0.0842 1.466 £0.093*

C 1.410+0.087° 1.453+0.080%

D 1.419+0.082° 1.424+0.079*

For |, 2 and 3, see 2, 3 and 4 in Table 1, respectively.

age CR than males throughout the study. Since the CR was negatively corre-
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males, this consistent difference did not appear to be related to the slight size
difference between sexes. The WMC group exhibited a significantly larger
average CR than the MRRI group (two-way ANOVA; male: F=68.55,
P<0.001; female: F=63.87, P<0.001).
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Significant differences in average condition factor (CO) were observed
among lots and between sexes for all sampling periods except day 110 (Table
5). The CO of lot A was always the smallest, and females had a higher average
CO than males. Pooled MRRI data combining sexes and lots indicated that
the “younger” shrimp (50-110 days) had a significantly smaller average CO
than the “older” ones (170-270 days) (two-way ANOVA; F=1397.96,
P<0.001). There were no significant differences in average CO by sampling
period within the younger group (two-way ANOVA; F=2.70, P>0.10), and
only males exhibited differences by sampling period within the older group
(two-way ANOVA; male: F=5.44, P<0.001; female: F=2.30, P>0.10). The
MRRI group had a larger average CO than the WMC group (two-way AN-
OVA; male: F=4.24, P<0.05; female: F=10.48, P<0.01).

Male sexual maturity
Counts of maturing and non-maturing males by sampling period are illus-
trated graphically in Fig. 2. The contingency G-test indicated significant dif-

170

200

230

DR SRR
S
230 B F iRy

15(50)

wHMe 15(486)
D 26(48)
A
B
270
c
D 14(21)

9% of maturing male

Fig. 2. Number of maturing males (total number of males examined is shown in parentheses)
among lots (A-D) and between sites. See text for the result of statistical analyses.
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ferences in male maturation among the lots at all sampling periods except day
170 (day 170: G=5.37, P>0.05; day 200: G=54.38, P<0.001; day 230:
G=51.64 at MRRI and G=28.46 at WMC, P<0.001; day 270: G=14.28,
P<0.001). Comparison between the MRRI and WMC rearing sites on day
230 showed a significant difference only in lot D, with a higher proportion of
maturing males at MRRI (lot A, G=1.22;lot B, G=0.99; lot C, G=0.25; lot
D, G=4.24, P<0.05). Rank order among lots was consistent throughout the
study, and was the reverse of that for survival. The routinely higher level of
male maturation noted in lot D beginning at day 200 and continuing through-
out the remainder of the experiment was probably related to the significantly
larger mean size of the lot D shrimp (Tables | and 2).

DISCUSSION

Highly significant differences in the tail-length ratio (TR) and condition
factor (CO) observed here between younger and older Penaeus vannamei ob-
tained from four different hatcheries coincide with allometric relationships
reported between carapace and total lengths in the wild penaeid Plesiopen-
aeus edwardsianus (Formoso et al., 1980) and between total length and weight
in the wild white shrimp Penaeus setiferus (Anderson and Lindner, 1958).
The tails and bodies of older individuals tend to be proportionally longer and
thicker, and the weights greater in proportion to length than those of younger
shrimp. Although not described in detail, relationships between body length—
body weight or body length—carapace length have been found to differ be-
tween sexes in several penaeid species (Kutkuhn, 1962; Klima, 1969; Villaluz
etal., 1969; Thomas, 1975; Farmer, 1986; Liao, 1988). In Penaeus duorarum,
Kutkuhn (1962) reported that females had a greater carapace length and body
weight than males of the same total length, and that this difference became
more pronounced in larger size groups. On the other hand, Choe (1971) noted
no differences in body length and weight between sexes in P. japonicus, but
he sampled only relatively small ( <14 g) shrimp. Thus, the growth of pen-
aeid shrimps seems to be allometric with differences between sexes.

Attempts to identify differences in morphometric traits and to correlate
such traits with geographic location have been made for some penaeid shrimp
species for fisheries managements or genetic resources (e.g., see Klima, 1969:
Huang et al., 1989). However, electrophoretic survey indicated that the nat-
ural population of penaeid shrimps does not seem to be finely subdivided
(Lester, 1979; Chow and Fujio, 1987). It is highly probable that heteroge-
neous environments at different localities may cause morphometric differ-
entiation among local samples. Similarly, in the present study, differences
were apparent in morphometric traits between the two rearing sites.

Potential problems in comparing morphometric traits of the hatchery lots
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utilized in the present study include differences in postlarval age at introduc-
tion, unequal survival, and unknown numbers of parents for each lot. Lot A
was the oldest at introduction and had the highest survival, while lot D was
the youngest and exhibited the poorest survival. Body size was more hetero-

ano a tha lnte rnofpfl at MRRIT nrl\prn thare were nrannnneed sur-
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vival differences, while the same lots reared at WMC showed less striking size
differences. The animals at WMC were stocked into larger tanks on day 70,
at which time the population densities were standardized again. A negative
correlation between stocking density and growth has been observed in P. van-
namei reared at moderately low densities (5-20 individuals/m?) (Takietal.,

1984; Sandifer et al., 1987; Wyban et al., 1987), while there is much less neg-
ative effect at higher densities (20-100 individuals/m?) (Sandifer et al.,
1988). The standing stock densities in the MRRI tanks on day 270 were 80,
46, 21 and 11 shrimp/m?, for lots A-D, respectively, while at day 195 the
densities in the WMC tanks were 23, 19, 22 and 17 shrimp/m?>. Thus, it ap-
pears that the pronounced differences in population density significantly af-
fected growth among the four hatchery lots at MRRI. Further, the differences
observed in bOd'y size between sites within a particulal hatCu’c‘rfy 1ot suggest
that site-specific factors, such as diet and rearing condition, may also have
affected shrimp growth. The marked effect of environmental factors on gen-
otypic expression makes estimation of growth heritability in decapod crusta-
ceans very difficult (Hedgecock et al., 1976; Hedgecock and Nelson, 1978;
Lester, 1988). Other traits measured in the present study (i.e., TR, CR and

.... 1700 WILAAND AL LAAVQOI A8 220 AN PR RORAAL 2L A1~ v o222

CO) were mdependent of the density effect but not of the site (envxronmen-
tal) effect. And onset of male sexual maturity appeared to be little affected by
either density or site.

The significant differences in growth, morphometric traits, and onset of
male sexual maturity reported here among shrimp lots from four commercial
hatcheries suggest the possibility of genetic differences among the lots, al-
though the traits measured were largely influenced by environmental factors.
Unfortunately, we lack detailed information on the genetic background and
number of parents for each lot. However, at the time the animals were ac-
quired, hatcheries A and C were thought to be operating with closed brood
stock populations (i.e., no wild animals were being introduced to the breed-
ing stock).
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