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Abstract

Conventianal genetic improvement programsdill rely and exploit 1he paternsand anount of
variation in 1he phenotype of interest that understanding both aspects s of great importance. This
study was aimed 1o explore those important agpects and relae them with the context o f breeding
program. Three SOCKS Of farmed tiger shrimp derived from brood SOCK originated from Aceh,
Cilacap and Sumbawa, respectively, were sanpled and measured for variability wm 22
morphometric traitS. The patierns of variability ameng trans were andyzed descriptively while
those between stocks were analyzed USNg F teds. Exploration to find the begt predictor; for tail
weight was conducted USNg correlalion coefficient and muitiple stepwise regressians. Anlong-raits
vatiation was Srongly characterized by the type of data n that Weight measured traits were twice
higher in thar vaiaion relative to those lengih ineasured traits. With several cxceptions, levels of
variation amang S0CKS. in descending Order, were Aceh. Cilacap, and Sumbawa. Anong the three
between-stock compansans. Aceh against Sumbawa yielded most number of tras winch were
satidticaly significant, followed by Aceh agamst Cilacap and Cilacap aganst Sumbaws.
Marphometric traits which best explained variation in the tail weight were combination o f partial
length, anterror and POSENiOr abdominat circumferences and the endopod. Potential and
conditiond implications of these resultsin thie CONtExt of selectis e breeding are discussed.

Kev wards: Morphometric traits. breeding program, tiger AMPS. Pevccis monodon.

INTRODUCTION

Breeding programs as a way to improve performance of economically
important traits has been widely applied with aguaculture species. Despite
progress achicved by the fieldsof molecular genetics, the breeding programs, to a
very high extent, still rely and explait the information of variation in the
phenotypic traits of interest. Hence understanding of profile, amount and genetic
naiure of the traits is of greal importance. Patterns of morphometric variation
amoug traits for instance, may provide rough insight on the possibility of
perfonnming genctic improvement on the trait of interest. Specifically, genetic
improvement would be more likely for traits wilh high variation relative to those
with low level of variation. Likewise, different levels of morphomeiric variation
among different stocks, particularly in cases where variation due to environmental
cttects can be minimized, may indicate that variation in morphometric trait has

genetic bases and hence is possible to be genetically improved (Chow and
Sandifer, 1991)
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In Indonesia, severa locations such as Aceh, Cilacap, and Sumbawa, have
been widely known as producers of wild-caught brood stocks (kmron ct al., 1999;
Sugiama et al., 199%8). Enzyme-electrophoretic survey of these stocks found genetic
variation within the Sumbawa stock was the lowest while that within the other two
were comparable. (Imron el al., 1999) Whether these attributes will also be
reflected in marphometric traits has not been assessed yet.

Ameng variety of traits, growth as often measured in body weight, either as
total or as particular parts of the body, due to economic importance, is of
particular interest for most breeding programs. In crustaceans, the edible portion
of the animal lies in the abdominal partion, i.e. pan of the body seized at the
intersection between the body and the carapace, is of commercially important trait
that individuals with higher proportion of tail weight are preferable. Lester (1983)
caled this part of the body as ' tail weight™. Due to nature of the trait, genetic
approach to improve tail weight must be conducted by sacrificing the animals and
calculating breeding value of the relatives. Altematively, it can also be approached
by lTooking at the external morphological characters that show high correlation
with the trait (Sugama et al.,, 1992). Several previous studies {Goswami et al.,
1986. Huang ct al., 1990; Lester, 1983) have examined the subject in Penaeus
mergiiensis P penicullutus, P, vannumer and P. stylyrostris with varying results.
[n the tiger shrimp, P. monaden, Sugama et al. (1992) have studied similar subject
and recommended that the six segmment depth as good indicator for the tail weight.
11 should be noted however. the samnples used by Sugama et al (1992) were wild
stocks which the supply in the future, due mainly to fishing pressure, will be
litnited. In response to this situation, efforts to produce brood stacks from farming
practices art increasing. However, it is not known whether the 1ruit which was
found to be good predictor for tail weight in wild stock can be applicable when
selecting individual as brood stock candidate aiming at improving tail weight from
puopulation grown in fanming conditions.

This paper was aimed 10 describe the patierns and the amount of
morphometric svariations within and between the three fanned stocks, and to
explore the morphometric traits that may serve as the best predictors for increasing
tail weight in selective breeding program.

MATERILAS AND METHODS

Sample collection

Three populations of fanned tiger shrimp derived from brood stock
originaied from the Aceh, Cilacap and Sumbawa waters were collected. The three
populations were sampled {rom semi-intensive brackish water growing ponds in
Langsa (East Aceh), Indramayu (West Java). and Bali for Aceh, Citacap and
Sumhawa stocks, respectively. Although the last two stocks were riot sampled
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from the same area as their brood stocks origin, maximal efforts have been made
1o ensure that they were descendents of those brood stocks. Two hundreds
individuals from each location were sampled and measured for morphometric
variability in 22 morphometric traits as described by Dall {1957) and Lester
(1983) (Table 1). Except for weight-related traits which were measured using a
balance, and body-circumference measures which were measured using a the
remaining traits were measured using caliper.

Data analyses
Compuarisen of coefficient of varintion

As interstock analyses of morphometric variation may be confounded by the
presence of intersex differences within the respective stock, a preliminary analysis
examining the presence of this phenomenon was undertaken. Depending on the
result of this preliminary analysis, interstock analyses may be conducted using
separate or combined sexes. In case no differentiation between male and female is
found, further analyses are conducted by treating the whole data within each stock
as a single data set. Conversely, separate analyses for each sex are conducted,
when differentiations in morphometric traits between males and females are
detected. The preliminary analysis was conducted using procedure of multivariate
analysis of covariance (inancova).

Table 1. Description of 22 morphometric traits

_No. Traits Description Ref |
| Partial carapace length | Distance from the orbital tip (o the posterior of the | }
{PCL) carapace
2 Carapace width (CW) | Widest distance at the last rostral tecth 1
3 Carapace depth (CD) The highest distance between the top and the base of | |
- the carapace
4 First segment length Distance between carapace posterior margin and | |
(FL) posterior margin of the first segment
5 Second segment length | Distance from the posterior margin of the first | |
(SD) segment 10 1he posterior margin of the second
segment
0 Third segment length Dristance trom the posterior margin of the second to | |
TL) the posterior margin of the third segmem N
7 Fourth scgment tength | Distance from the postenior margin of the third | |
(FL) segment to the posterior margin of the third segment
] Anterior abdominal Circumference at the  intersection between the | 1
| circumference (AAC) | second and the third segments .
G Second segment depth at the intersection between the second and the | 1
| . | abdomunal depth (8D) | third segment . _
10 Fifth segment length Distance from postenor of the fourth segment to the | 1
(FSL) posterior margin of the fifth segment
11 Sixth segment length Distance from posterior of the fifth segment to the | |
(3SL) posterior margin of the sixth segment
i2 Postenior abdaminal Circumference at the intersection between the fifth | |
circumference (PAC) and the sixth segment
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Variability profile among traits and among stocks

The pattern of variability profile among traits in the three stocks cxamined
appeared to be similar. For instance, in the Aceh stock, trait number 16 was the
feast variable frait while the most variable ongs were the tail and total weights.
This pattern was also observed in both the Cilacap and the Sumbawa stocks.

With respect to the magnitude of variation, Figure 1 shows two types of
morphometric traits with highly different magnitude of variation. On one side,
there were length-associated traits, those measured with length measurement unit.
These traits were low to medium in the magnitude of variation, ranging from 8 to
14 percent. On the other side, there were weight associated traits, i.e. those
measured in weight unit {(gram). In contrast to the length associated traits, they
showed high levels of variations ranging from 27 to 35 percent. The magnitudes
of morphometric variation in the latter type were double relative to those observed
in the length-associated traits.

With several exceptions, the magnitude of morphometric trait variation in the
sample, ordered form the lowest to the highest was, Aceh, Cilacap and Sumbawa.
Between-stock variations were observed in most of the traits (Figure 1.) However,
further analysis showed that not all differences found in between-stock
comparisons were statistically significant as can be seen in Table 2. In
comparisons between the Aceh and the Cilacap, the Aceh and the Sumbawa and
between the Cilacap and the Sumbawa, it was found that only 64, 59, and 18
percent were statistically different. The table also shows that the most
considerable differences occurred in comparison between the Aceh and the
Sumbawa stocks. This was supported by not only the number of traits, which was
the highest but also by the level of statistical significance.

ag .
| mAceh

= Cillacap
N Sumbawa

30 —
25 —
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Figure 1. Variability profile expressed as CV of 22 morphometric traits across
three stocks of farmed tiger shrimp., Trait numbers represent
morphometric traits as described in Table 1.
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Table 4. Matrices of coefficient correlation of 22 morphometric traits in the Sumbawa stock

PeLicw " co JReT [ PST [ R | st [ 7L [ Fu TrsL [ ssL | SD [ssD | AAC | PAC [ TOL [ PLT [ TLS [ EXP | END
oW [a72 ! | _ !
cD | ovs| o082
RST | 0.58 | 065 | 0.62 .
PST | 060|083 | 059 | 057
FL 049 | 034 | 056 | 042 0.45 1 ]
St 070|077 | 076 065 | 0.64 | 0.56
L 075 | 0.85 | 0.8t 066 | 063 | 055 | 0.80
FL 077 | 081 | 079 | 065| 065|056 | 0.77 | 0.90
FSL 053 060 | 057 | 057 | 052|040 066|054 | 049
SSL | 068 | 072|069 | 054) 058 042} 063|073 /076|047
SD 1077|084 | 079 | 067 | 06t | 054 | 079 | 0.83 | 083 ] 060, 0.75
SSD 0791083 {0831 068 | 064 | 056 | 079 | 0.80 | 0.81 | 075 | 0.72 | 0.83
AAC | 080|084 | 088 | 068| 064 | 056 | 0.60 | 086 | 0.85 | 0.62 | 075, 089 | 089
PAC 067 |073|076| 060 | 056 | 051 | 072|074 074|054 | 067 | 078 | 0.76 | 0.82
TOL | 081|087 |085| 078 | 070|057 [ 083 (086|086 |067 | 076 | 087 | 088 | 090 | 0,78
PTL |081|088 | 086 | 073, 070057 | 083|087 ) 037|066 0.77 | 0.89 | 088 | 092 | 079 | 095
TLS [ 0.63 | 0.66 ! 0.66 | 054 | 0.55| 042 | 063 | 064 | 0.65 | 040 | 057 | 068 | 072 [ 072 | 063 070 , 071
EXP | 078 (082 077 | 066 | 064|053 | 075|078 | 079|059 | 068 081 | 081 | 0.84 | 0.64 ! 0.87 | 0.88 | 063
END | 068 | 075 | 0.70 | 061 | 066 | 046 ] 061 | 066 | 0.80 | 053 | 062 ' 069 | 0.71 | 0.75| 0.62 | 0.80 | 0.80 | 06O | 0.78 ]
TAW | 075|082 | 080 | 063| 063|051 ]|058|074(0677 653|067 | 080|079 |085( 073(085(08|(065(076| oa7
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Table 5. Contribution of several morphometric traits in explaining tail weight
variation (R?) assessed using multiple regression analysis

Stock Morphometric traits R’

Aceh Partial length §7.85
Partial length, anterior abdominal circumference 91,07
Partial length, anterior abdominal civcumference, carapace width 92 31

Cilacap Partial length 73,00
Partial length, posterior abdominal circumference 73,95
Partial length, carapace depth, posterior abdominal circumference 75,55

Sumbawa Endopod - 74,77
Endopod, anterior abdominal circumference 83,87
Endopod, anterior and posterior abdominal circomference, 85,38

DISCUSSION

Profile of among-trait and between-stock variabilities

With respect to phenotypic expressions, it is accepted that they are produced
from a combined effects of genetic, environiments, and interaction of both (Tave,
1986). From envirommental point of view, the Acch, Cilacap, and Sumbawa
stocks used in the current study came from growing ponds applying a semi-
intensive management in their production systemn. Other than this, no data on
measurable environmental parameters were available. Given this situation, it is not
possible to conclude whether they are considered to be variable or similar.
Conversely, different situation occurred for genetic factor. Previous study {Imron
et al., 1999) showed that the three stocks had slightly different levels of genetic
variation. The levels in descending order were Cilacap, Aceh, and Sumbawa.
When morphometric data obtained in the current study were combined with the
genetic data obtained previcusly (Imron et al., 1999), an interesting pattern of
relationship was observed. In general, stock with high level of morphometric
variation as occurred with the Sumbawa stock was characterized by low level of
genctic variation, and vice versa. This pattem seems similar to the resuits of other
study {Soewardi et al. unpublished) who found that variation of morphometric
characters in the base population was higher than those observed in the selected
populations. Conversely, genetic variation as measured by mitochondrial
cytochrome oxidasc T (mtCOJl), were higher in the selected populations relative to
the base populations. Despite acknowledging possible environmenial effects, this
phenomenon suggests the presence of genetic factor in determining structure of
vanability in morphometric traits including the growth-related traits such as body
weight.

From the perspective of genetic improvement programs, particularly those
applying conventional sclective breeding, high variation in body weight means
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as easy to measure, the trait can be used as a good indicator when selecting brood
stock candidate to be used in breeding program aiming at improving the tail
weight.
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