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EFFECTS OF PARTIAL AND COMPLETE FOOD DEPRIVATION ON

COMPENSATORY GROWTH OF JUVENILE SOFFSHELLED

TURTLE ( PELODISCUS SINENSIS): TEMPORAL PATTERNS IN

GROWTH RATE AND CHANGES IN BODY COMPOSITION

XIE Zh+ Gang and NIU Cu Juan

(Ministry o Education Key Laboratory f Biodiversity Science and Ecological Engineering, College o Life Sciences, Bejiing Normal University, Bejing

Abstract: To ascertain compensatory growth capability of juvenile soft-shelled turtles ( Pelodiscus sinensis) , the turtles with an avw
erage body weight of 9. 56g were treated with one of the following regimes: full food deprivation for O (control), 1, 2, 3 and 4
weeks, respectively; Partial deprivation by feeding with the equivalent of one per cent of mean body weight for 4 weeks, and then
the tuitles in each goup were fed to apparent satiation until the end of the 18-week experimeri. Each fully food deprived goup
showed significantly higher specific growth rate than the conirol during the firg re-feeding week, but the final body weight of all
food deprived groups did not exceed the control. By the end of the deprivation period, body lipid content showed a decreasing
trend with increasing duration of food deprivation, while body ash and moisure contents showed a clear reverse trend: lipid content
was significantly lower in each deprived group than the conrol, bu ash content or moidure content was significantly hisher than
the control. No significant differences were found in protein content among all groups. Final body lipid, protein and mosture re-
stored to the corirol level, but ash did not. The resuks indicated that the juvenile turtles subjected to starvation firstly consumed fat

as their main energy source, and full food deprivation could trigger a partially compensatory growth response, whereas paitial de-
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privation failed to mtroduce the compensatory response.
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In animal kingdom, some species are able to modify
their growth rates in response to fluduations in food avail-
ability. Compensatory growth is an interesting physiolog-
cal response of the animals subjected to starvation. It has
not only ecophysiological significance, but potential im+
portance to farm industry and resource management. If the
starved animals display a rapid growth spurt when
switched to a food-abundant condition and consequently
catch up or exceed the body weight of those being fed
enough onsistently, the compensatory response is named
as completely compensatory growth or over compensatory

growth!""? | respedively; If finally the starved animals
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can not catch up with those being fed enough consistently
in body weight in spite of ever possessing higher growth
rate, the compersatory response is named as partially
compensatory growthl3J .

Compensatory growth has been intensively studied in
a variety of animal taxa, such as domestic animals, fish

e, mollusks and crustaceans, and the results are d+

versel > 479 However, few studies are available on com-
pemsatory growth of aquatic turtles under experimental
condition. Soft-shelled turtle ( Pelodiscus sinensis) is an
important aquaculture species in China. We have reported

some studies on its bioenergetics and nutritional require-
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7791 but little is known about compensatory growth

ments
of this species. Purpose of the present study was to obtain
knowledge of compensatory growth capacity of juvenile

soft-shelled turtles under different feeding regimes.
1 Materials and Methods

The experimental turtles were obtained from a hatch-
ery in Shijiazhuang, China, and acclimated to laboratory
conditions of a fixed photoperiod of 12L: 12D at the tem
perature of maximal growth (30 °C)[8] for two weeks.
During this period, all the animals were fed to apparent
satiation twice a day on a commercial formulated feed
powder (mean composition as percentage of dry matter:
crude protein 44% , crude lipid 6% and ash 16%),
which was blended with water and extruded to soft pellets
before use.

Prior to the trial, all turtles were starved for 24 h to
empty the gut. Each animal was then toweled off and
weighed to 0. Olg with an electronic balance. Three an+
mals were sampled randomly for initial body composition
analysis. The animals sampled were anaesthetized by
ether and then froze to death at the temperature of
- 20C. Seventy two turtles with a mean body weight of
9.56t1.57g were chosen, and randomly divided into six
groups. Each group was placed in one glass aquarium
with the dimension of 90cm X 60cm X 50an, which was
enough for the 12 turtles to avoid space competition and
fighting. A code was marked with water insoluble lacquer
on each animal’ s shell to differentiate it from the others.
Six treatment regimes are as follows: starved for 0 ( cor
trol), 1 (S1), 2 (S2), 3 (S3) and 4 (S4) weeks re
spectively or fed with the equivalent of one percent of
mean body weight for 4 weeks (R). Then, all turtles
were fed to apparent satiation (about 6% of mean body
weight) by the end of the 16-week experiment. When
food deprivation or restriction regime was teminated in a
group, three animals were sampled randomly for body
composition analysis, and then adequate food was sup-
plied to the remainder individuals in the group twice dai-
ly. Food was placed in different positions of the aquarium
to guarantee satiation of each animal, and the remnant
was removed after 30 min for preserving water quality.
Once a week, all of the turtles were weighed, aquaria

were cleaned and on that day the animals were not fed.

At the end of the trial, all the experimental animals were
weighed after being food deprived for 24 h, and three tus
tles were sampled at random in each group for body com-
position analysis.

All turtles sampled were dried at 65 C to a constant
weight for determination of water content, and then he-
mogenized by a minitype muller for body composition de-
temination. We determined protein content by Kjelldahl
analysis and protein content was calculated from nitrogen
by multiplying by 6.25. Lipid content was determined by
the chloroforms methanol extraction. Ash content was de-
temined by combustion at 550 C for 12 h.

Specific growth rate (SGR) in body weight was com-
puted as follows: SGR (% /day) = 100( Ln W, - In
Wi)/T, where W and W; are final and initial weight in
grams respectively during each growth period, T is dura
tion of growth period (d).

As there were marked differences in body weight at
the start of refeeding among different treatments, analysis
of covariance (ANCOVA) with body weight at the begin-
ning of refeeding as covariate, was utilized to compare
SGR among the treatments. In the process, SGR was cor
rected for the effect of body weight, and Least-significant
difference (LSD) test was employed to assess the effects
of treamments. One-way analysis of variance ( ANOVA)
tested the differences in initial body weight, final body
weight and body composition. The Tukey HSD test was
carried out for making pairwise cmparisons between
means in different groups, and p< 0.05 was taken as the
level of significance. All statistical analyses were per

formed wsing the SPSS10. 0 software package.
2  Results

No animal died during the experiment, but two ant
mals in S4 showed bad health at the end of starvation and
anorexia during the refeeding period.

Changes in body weight among treatments are pre-
sented inTab. 1. At the start of refeeding, significant dif-
ferences were found between the deprived groups and the
control, and also among the deprived groups ( F's, 68 =
18.85, p< 0. 001). Body weight declined with the dura
tion of full food deprivation. Body weight in the food re-
stricted group (R) was significantly higher than that in
each fully food deprived group, while significantly lower
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than that in the control. At the end of the experiment,
body weight still varied among the deprived groups ( F's 48

= 27.56,p< 0.001), and all were less than mean body
weight of the control group.

Tab. 1 Changes in body weight ( Mean £SEM) of experimental groups during the experiment; letters after each value indicate
results of Tukey HSD test. Values not sharing a common letter are s gnificantly different at the 0. 05 level
Group Initial body weight (g) Body weight after full or partial deprivation ( g) Final body weight (g)
N= 12 N= 12 N=9
S1 9.9240. 25 8.75£0.29° 36.50+ 1. 78
S2 9.9470. 39 8.3210.44¢ 31.54%1. 85
S3 9.5810. 29 7.10£0.36% 29.56£0. 86
S4 9.9810. 30 6.67£0.37¢ 22.14%1. 43
R 9.32%0. 38 11.99%0. 7¢ 34.22%1. 85
Control 9.710. 46 19. 59 1. 0% week 4) 45.98%2.51°

During the period of food deprivation, the fully food
deprived turtles had negative specific growth rates ( SGR)
(Fig. 1), and the food-restricted animals had a lower
SGR than the control (Fig. 1). During the refeeding
weeks, the results of the repeated ANCOVA showed that
SGR of the fully food deprived turtles increased signift
cantly relative to the control (Fig. 2) ( F4,42= 6.735,
p< 0.001) in the first refeeding week, and subsequently
declined to the level of the control group in the following
refeeding week. The SGR in S4 remained significantly
higher than that in S1 or S2 during the third refeeding
week (Fa0=4.064,p< 0.05) .
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Fig. 1 Temporal pattems of changes of mean specific growth rates (%
pe day) of the soft-shelled turtles during the expeaiment: fuly food
deprived groups SES4, Podresricted group (R) and the conirol group

No significant increase was measured in SGR be-
tween group R and the control during F3 refeeding
weeks. However, SGR in R was significantly higher than
that in S4 during the fourth refeeding week ( Fig. 2)
(F22= 6.685, p< 0.05).

Mean specific growth rates (%oper day)

Fig.2 Comparisons of mean specific growth rates (mean£SEM, % per

day) of the soft-shelled turtles among the groups during the anterior six

weeks of the refeeding period of each group: fully food deprived groups

SES4, the food resticted goup (R) and the conrol group (The +6

week SGRs of the contiol group were wsed as the controk which were

compared with the SGRs of other groups, respectively) . Values not sharing
a common ldter are significantly different (p < 0. 05)

The result of body composition changes is shown in
Tab. 2. After full or partial deprivation, protein contents
were not significantly different between the deprived
groups and the control, as well as among the deprived
groups ( F's, 12= 0. 264, p> 0. 05), while lipid (or fat)
contents in all the deprived groups declined significantly
relative to the control ( Fs 2= 39.075, p < 0.001).
Furthermore, the lipid cntents showed a diminishing
trend with increasing duration of deprivation. There were
significant increases in both moisture and ash contents in
the fully deprived groups compared with the control
(Fs,p=29.122, p < 0.001; Fs5 2= 9.323, p =
0.001), and both wntents showed an increasing trend
with the increasing duration of full deprivation. At the
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end of the trial, all the body compositional contents, ex
cept ash content ( F's 1= 34.571, p< 0.001), restored

to the control level. The final ash content in S4 was still
the highest.

Tab.2 Body biochemical composition of the sof¢ shelled turtles at different stages of the experiment; values are means® SEM of concentration
of protein, lipid, ash (expresed as % dry weight, % DW) and misture ( expresed as % fresh weight, % FW); sgnificant differences
within the same column are denoted by different letters (p < 0. 05)

Protein (% DW) Lipid (% DW) Ash (% DW) Moisture (% FW)
Initial 60.22+4. 37 16. %1£2.60 17.32%1. 07 78.591£3. 41
After full or partial deprivation
C 61. 6532, 14 20. 47%0.76¢ 13.98%0. 81« 73 12%1. 29
S1 62.0512. 87 14. 87£5.49" 16. 88%0. 57" 76.7212.19
S2 61.34%1. 04 14.40%£1.19" 17.95%0. 46 78. 5612, 30
Ss3 61.29%1. 58 9.27%0. 31° 21.78%1.31¢ 80. 7413, 23
S4 59.34%2. 17 6.90%0. 70 23.47%1. 9 83.03£1. 8%
R 62.0316. 91 12.87%£1.33" 16. 72%1. 54° 77.75%3. 45
Final
C 61.97%£1. 48 18.07%1.60 13. 71£0. 95 73.62%3.51
S1 61.64%3. 42 17.37%£1.70 15.26%1. 32" 73.84%2.35
S2 61.37%1.50 18.30%1.21 15. 81%0. 65° 74.56£1.94
S3 60.91%2. 71 17.27%0.15 16. 04£0. 79" 73.55%3.17
S4 58.22+4. 58 16. 0%1.30 19. 07%0. 53¢ 73.53%2.52
R 61.8813. 4 18.10%1.93 14.67%1. 02 74, 12%1. 633

3 Discussion

Compersatory growth is considered as an adaptation
to a lifestyle with widely fluctuation of food resources.
Under natural conditions, soft-shelled turtles experience
alternating periods of feast and famine. Thus, they maybe
need strive to lessen variation in body weight for competi-
tion and survival. In our study, the severity of food depri-
vation was responsible for the different growth responses
adopted by the turtle. The fully deprived groups showed
accelerated growth when restored to satiation, although fi-
nal body weight did not exceed the control, which re-
vealed a partially compensatory growth pattern in the fully
food deprived turtles but not in the partially food deprived
ones. Similar compensatory growth patterns were reported
in some fish species, such as Arciic charr'>""! hybrid
tilapia ( Oreochromis mossambicus Peters X 0. niloticus
L™ and fry of cyprinid species' . However, the def
inition of severity of food deprivation should include two
aspects: the abundance of available food and the duration

of starvation. In terms of the later, completely comper-

satory growth happened within a shorter duration of food
deprivation in the above fish species. Therefore, it seems
that there might be a point of no return or a threshold in
the duration of starvation, 1. e. animals will not recover
their body weight fully if the time of starvation overrums
this threshold. More detailed studies on whether the
threshold exists in the turtle will be carried out in the fir
ture.

Unequal food acquisition can result in increased
variability in growth because of competition for the limited
resourcel B , and leads to marked difference in ind+
vidual body weight, which is possibly harmful to aquacut
ture. In the present study, the turtles under the food re-
stricted regime obviously showed more variances in ind+
vidual weight than those under the wnirol and the fully
deprived regimes (Tab. 1). Sarvation or malnutrition can
always deflect animal’ s physiological age from its chrone-
logical age, usually represented as differences in body
sizes and growth rates. As for experimental design, it is
suggested that comparisons of compersatory growth rates
should be based on physiological agel ™ or similar body
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weight'""! . So we used body weight at the beginning of re-
feeding as covariate by ANCOVA to compare SGR among
the treatment groups.

During the food deficient period, most animals firstly
mobilize stored fat, rather than stored protein as their
main energy resource, and restore fat reserves when
switched to a food-abundant condition. However, Mad-
dock & Burton'™! found that the winter flounder ( Plew-
ronectes americanus) mainly depletes protein during the
starvation period. In the current study, fat content of the
turtle was diminished with the increasing duration of star-
vation, and then restored to the control level after refeed-
ing, which agrees with most of the results published in
other species[ e

The mechanism of compensatory growth is inconclu
sive and varies in different species. Usually, starved ant-
mals recover their weight loss by increasing food consump-

[3.11.15] , or by improving food

(4

tion as in some fish species
conversion as in European minnows In the current
work, although we culd not quantify feed intake per i
dividual due to the experimental conditions and design,
we observed that the food deprived turtles had temporary
strong good appetite ( lasted for about 2—5 days) . The
good appetite periods were protracted with the increasing
duration of starvation. The total feed intake of each treat
ment group was obviously higher than the control in the
first refeeding week in spite of no statistical support. Ju
venile soft-shelled turtles probably adopt the first way.
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