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AsstracT. Three species of rabbitfishes (F: Siganidae) are recorded in the Saudi Ara-
bian Gulf waters near Dammam, of which Siganus canaliculatus (Safi Arabi) is the
most common and commercially important. Knowledge on two morphometric charac-
ters, namely: body depth and standard length of S. canaliculatus and S. spinus are
given. Condition factor, weight/length relationship and gonad development of the for-
mer species are thoroughly described, which could serve as a basis for the near future
mariculture practices of the species in the area.

Introduction

Rabbitfish or siganids are widely distributed and are
considered as excellent food fishes (Lam, 1974).
The mariculture potential of rabbitfish were pointed
out in many parts of the world (Lam, 1974; Baga
and Sacayanan, 1980; Al Aradi et al., 1985; Bwa-
thondi, 1986; Pillay, 1990; Nelson et al., 1992 & Al
Ghais, 1993). Seven siganus species are recorded in
Red Sea and Arabian Gulf waters off Saudi Arabia,
which are locally known as "Sigan" in the former
region and "Safi" in the latter (Daghestani et al.,
1988). Three species are reported along the Saudi
Gulf coast, namely: Siganus canaliculatus Park or
whitespotted spinefoot, (Local name, Safi Arabi), S.
javus L. or streaked spinefoot (Safi Sunaifi) and S.
spinus L. or Dusky spinefoot. The first species is
the most common and economically important
whereas the second one was less common in the
commercial catch during the investigation period
and the third was relatively smaller in size.
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The successful trials made to culture S. canalicu-
latus indicated that they grow up to about 80% of
their adult size in 6 months and reach maturity in
one year (Al Aradi ef al., 1985, Bwathondi, 1986
& Al Ghais, 1993). In Saudi Arabia culture of Sig-
anus rivulatus in cages and ponds in the Red Sea
coast were very promising (Thobaity et al., 1984
and Bukhari et al., 1989). Much interest has recent-
ly arisen in the mariculture of siganid fishes in the
Arabian Gulf area by studying the different biolog-
ical characteristics of the species (Al Ghais, 1993;
El Sayed and Bary, 1994, Wassef and Abdul Hady,
1996, 97 & 99). Reproductive biology of S. canali-
culatus has been dealt with (Wassef and Abdul
Hady, 1997) but no detailed description of the gon-
adal development has been made.

The objective of the present study is to provide
further information on S. canaliculatus which has
practical utility for larvae production in hatcheries,
and may be useful for siganid culture in Saudi Ara-
bia and similar areas.
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Material and Methods

Regular investigation for S. canaliculatus and S.
spinus, in the commercial catch of Dammam mar-
kets was conducted during January to December
1997. Fish samples were taken at monthly inter-
vals and examined for total and standard length
(TL & SL, mm), body depth (BD, mm) total and
gutted weights (g) for both species. Additional
samples of S. canaliculatus were also taken fort-
nightly around the spawning season, April-June
(Wassef and Abdul Hady, 1997). Total length var-
ied between 15 & 43 cm for the former species and
14-27 cm for the latter. S. canaliculatus maturity
stage was assigned visually using a six-stage scale
(Wassef and Abdul Hady, 1997). Gonads (ovaries
and testes) were carefully removed, weighed (mg)
and fixed in 5% neutral formalin, dehydrated in
graded ethanol series and embeded in Parafin wax.
Tissues were sectioned at 4 um for male and 6-8
um for female, and stained in Eosin and Hematox-
ylin (Bancroft and Stevens, 1982). Terminology
used for description of the different stages of
oocyte growth follows that of Yamamoto 1956a,
(Loc. cited West, 1990).

The weight/length relationship of S. canalicula-
tus was calculated from the logarithms of total
length (L, cm) and actual weight (W, g) (Beckman,
1948). Total or gutted weight was used in calculat-
ing the condition factor (K) of fish as follows : K =
100 W/L3 (Niklosky, 1963). Total weights were
used only to calculate a mean K value for com-
bined sexes monthly and seasonally.

Morphometric index (R/) was calculated as a per-
centage ratio of each morphometric measurement to
total fish length. The mean corresponding R/ for
each length group was then obtained for both males
and females S. canaliculatus and S. spinus.

Regression analyses were applied to represent the
relationship between either body depth or standard
length, on one hand and total length on the other
hand for both species. One-way analysis of variance
(ANOVA) was applied to test the significance of
sex variability (Snedecor and Cochran, 1980).

Results
Morphometry

Comparative Morphometric Characters of S. ca-
naliculatus and S. spinus

In the present work, more emphasis has been put
on three morphometric characters namely body
depth (BD), standard length (SL) and condition fac-

tor (K).

Ratio Indices

Body Depth Ratio Index (BDI). Examination
of body depth ratio indices (BDI) for S. canalicula-
tus according to fish length groups for separate
sexes (Table 1) shows that the range and mean val-
ues are not significant (P < 0.05) between sexes.
For combined sexes it is clear that BDI values re-
main about constant with fish length variation (Fig.
la). BDI range and mean (36.3) values for S. spi-
nus are higher than the corresponding for S. canali-
culatus (33.1) (Table 2 & Fig 1a). These values
identify each species in the area of investigation.
For S. spinus longer than 20 cm, BDI values in-
creased slightly with the increase of fish length
(Fig 1a).

TasLe 1. Ratio indices range and means for S. canaliculatus
from Dammam waters of Arabian Gulf (between
brackets are the number of fish analyzed).

Ratio index Sex Range Mean (cm) + s.d.
M 32.29-33.56 32.98%+0.4
(1056)
BD/TL F 32.37-34.63 33.27*+0.5
967)
M+F | 32.29-34.63 33.16+0.3
M 74.19-77.51 75.69* £ 0.8
(1056)
SL/TL F 74.27-77.83 75.55** £ 0.9
(967)
M+F 74.19-77.83 75.73+0.8

BD body depth, SL standard length, 7L total length, s.d. standard devi-
ation, M males, F females.
*not significant at P < 0.05.

Standard Length Ratio Index (SLI). From Ta-
ble 1 it is obvious that mean SL/ values for females
(75.6) and males (75.7) S. canaliculatus are more
or less the same. Sex variation was proved insignif-
icant (P < 0.05) therefore mean SL/ for sexes com-
bined were calculated (Table 2), which showed a
decreasing trend with the increase of total fish
length (Fig 1b). Comparable results for S. spinus
revealed similar trend. SLI values for S. spinus are
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Fic. 1. Variations of ratio indices (R.1.) of body depth (a) and standard length, (b) with total fish length for S. canaliculatus and S. spinus.

TasLE 2. Range and mean of two morphometric ratio indices (BD & SL) for both S. canaliculatus and S. spinus (combined sexes).

Morphometric ratio index S. canaliculatus S. spinus
Index range Mean + s.d.* Index range Mean = s.d.
BD/TL 32.29-34.63 33.16+0.3 35.14-37.47 36.32+0.7
SL/TL 74.19-77.83 75.73 0.8 76.71 - 77.86 7736+ 0.4

*s.d. = standard deviation,
BD body depth, SL standard length, 7L total length.

always higher than that for S. canaliculatus of the
same length group (Fig 2b).

Morphometric Regressions

The observed values of either body depth (BD)
or standard length (SL), were firstly plotted against
total fish length (7L) as scatter diagrams in which
a clear linear relationship existed in all cases.
Consequently, the following regression equations
were computed for S. canaliculatus to adequately

represent the correlation between the morphomet-
ric character and total fish length :

BD,, = 0.3323+0.3451 TL, (r=0.9986) for males

BDf = 0.1151+0.3384 TLf (r=0.9983) for females

SL,, = 0.7990 +0.7204 TL, (r=0.9996) for males

SLy = 0.7432+0.7272 TLf(r= 0.9996) for females
Sex variations found to be insignificant (P <

0.05) therefore, one equation was derived for each
species (Table 3).
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TasLEe 3. Comparison of morphometric regressions of standard length and body depth for S. canaliculatus and S. spinus.

S. canaliculatus 2" N S. spinus 12 N
BD =0.1515+0.3238 T.L. 0.9979 2023 BD =-0.3086 +0.3806 T.L. 0.9883 100
SL =0.7208 + 0.7258 T.L. 0.9989 2023 SL =0.2370 +0.7587 T.L. 0.9976 100

r* = Correlation of coefficient
N** = Number of fish analyzed

Cal. S. canaliculatus Cal. S. spinus

X obs. S. canaliculatus [0 obs.S. spinus

Mean standard length (com)
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FiG. 2. Variations of standard length and body depth for S. canaliculatus and S. spinus (sexes combined).

The close agreement between the observed and Condition Factor (K)

calculated values (Fig. 2) proved the fitness of the For all length groups, average K varied between

derived equations, to describe two important diag- 0.96-1.32 (mean 1.18) for males and 0.98-1.49
nostic characters for the two species under study. (mean 1.2) for females S. canaliculatus. Sex varia-
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tions were tested not significant (P < 0.05), and a
mean condition factor of 1.2 was calculated for
combined sexes. Figure (3) shows a marked de-
crease in K values by increasing the length. Also it
is evident that the highest value of K (1.33) at
length interval 14-19 cm TL. Figure (4a) clarifies
that K values began to increase from February to
reach a maximum value (1.6) at April then de-
creased from May to July (spawning season) par-
ticularly for females. Examination of the K season-
ally (Fig. 4b) revealed a marked increase in spring
(prespawning).

1.35

Gonadal Development of S. canaliculatus

S. canaliculatus was found to have unequal gon-
ad lobes, where the left lobe (ovary or testis) be-
comes bigger in size throughout maturation cycle
than the right lobe.

Ovary (Fig. 6-11)

The ovary wall, (tunica albuginea), consists typi-
cally of two muscle layers: The outer is of longitu-
dinal muscle fibers, while the inner is of circular
muscle fibers (Figs. 6a&b). Ovigorous lamellae,
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Fic. 3. Variations of mean condition factor (K) with total fish length (TL) for S. canaliculatus.

Weight/length relationship of S. canaliculatus.
Using the grouped length (L, cm) and the corre-
sponding total weights (W, g) of fishes ranging in
total length from 15-36 cm, the following equa-
tions were derived :

Log W, =—1.4564 +2.7242 Log L, (n = 1056,

r=0.9984) (for males) D
Log Wf =-1.5072 + 2.7751 Log Lf(n = 967, r
=0.9982) (for females) 2

Sex differences were tested (ANOVA) to be
insignificant (P < 0.05) accordingly, data were
pooled and one equation was given to represent
this relationship (Fig. 5) :

Log Wmf =—1.4647 + 2.7352 Log me (n=2024,
7=10.9979) (for females) (3)

containing oogonia and oocytes, project from the
tunica albuginea towards the center of the ovary
(Fig. 6a). During the development of oocytes from
oogonia, various transitional stages are identified
therefore, a sub-stages are also given. Six major
maturity stages are described as follows :

Stage I, Rest or Chromatin Nucleolar Stage

The rest stage of ovary (Fig. 6) extends from
September to December (Av. GSI, 0.42). Oogonia,
visible between the resting oocytes, were almost
spherical in shape and are mostly found on the pe-
riphery of the lamellae. Nucleus is round, large and
contain a single nucleolus associated with chroma-
tin threads. The cytoplasm is thin and stains uni-
formly with no defined cell membrane. Chromatin-
nucleolar oocytes, are larger (av. diameter about 25
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Fic. 5. Weight/length relationship for sexes combined S. canaliculatus.

pum) than oogonia (Fig. 7a) and characterized by a
well-defined dark ring of chromatin on the periph-
ery of the nucleus. The nucleolus is very conspicu-
ous and chromosomes are highly compact together
forming a dark mass (Fig. 7b). Ovary wall (about
350 pm thick).

Stage II, Early Maturation (Perinucleolar
Stage or Early Protoplasmic Growth)

Perinuclear oocytes are irregular in shape, with
no defined cell membrane, cytoplasm is homoge-
nous and densely stained. These oocytes are divid-
ed into early perinuclear (av. diameter 35 pm) or
late perinuclear oocytes (av. diameter 65 um).
Nucleus of the former is relatively large, centrally
positioned and contains multiple small nucleoli (7-
20) of various sizes. The later characterized by a
granular cytoplasm appearance, sometimes differ-
entiate to two zones, and two quite larger nucleoli
(Fig. 7b).

Stage IIlI, Developing Stage (Yolk Vesicle
Stage or Trophoplasmic Growth)

Wide range of yolk vesicles deposition are
formed in the ooplasm. Three phases (substages)
are identified:

a) Primary yolk vesicle oocytes, are more or less
round in shape (av. diameter 130 um) Yolk vesi-
cles appeared as purple small spherules or vacu-
oles. The nucleus is spherical containing numerous
nucleoli at peripheral position (Fig. 8a).

b) Secondary yolk vesicle oocytes, are greatly
enlarged in size (av. diameter 190 um) due to dep-
osition and accumulation of yolk globule. Few lip-
id droplets also formed in the central part of the
cell. Larger oocytes start forming a definite chori-
on. (Fig. 8a).

¢) Tertiary yolk vesicle oocytes, (about 360 um)
yolk globules show further increase in size, form-
ing yolk spheres which begin to coalesce, at cell
periphery and proceeds centerwards, giving rise to
yolk mass in later stages. Larger lipid vacuoles ap-
peared in the central part of the cell. Zona radiata
is clearly defined (Fig 8b & 9a).
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(b)

FiG. 6a. T.S in S. canaliculatus ovary (19.5 cm, December) (40 X) Rest stage: shows the ovary wall (OW), oogonia (Og) and ovocoel
(Oc).
b. Highly magnified ovarian wall showing two muscle layers: an outer longitudinal (Lml) and inner circular (Cml) (400 Xx).



Some Biological Studies... 197

(b)

FiG. 7a. Early maturation stage (25 cm, February GSI, 1.0) (40 X): Shows oocytes at the early stages of growth.
b. Magnified early and late perinucleolar oocytes (Ep and Lp) (400 X) Nu: Nucleoli, Yn: Yolk nucleus and Cz: cytoplasm zona-
tion.
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Fic. 8a. Developing stage (24 cm, March 10) (GSI 1.5) (100 x) shows the start of yolk deposition within the oocytes (early vitelogen-

ic stage).

Pyo: Primary yolk vesicle oocyte,
Syo: Secondary yolk vesicle oocyte,
BB : Brown Body.

Stage IV, Ripe/Prespawning Stage (Migratory
Nucleus Oocytes)

Yolk almost completely fills the oocyte, except
for a very thin peripheral cytoplasmic layer. Nucle-
ar membrane disappears and the nuclear matrix has
shifted to the periphery of the cell (animal pole)
(Fig. 9a). Most of the nucleoli retain their peripher-
al distribution, until they finally disappear. All lip-
id drops have fused and yolk liquefaction com-
mences (Fig. 9b). Zona radiata layer, beneath the
comparatively flat follicular cells, has clear radial
striations. Ovarian wall thin (80 pm). Ripe oocytes

Yg: Yolk granules,
Ch: Chorion,

are almost the same size (360-450 pm) (Fig. 10)
and some oocytes exhibited atresia (Fig. 9).

Stage V, Running Stage

Some empty follicles appear (Fig. 10), indicating
that spawning has started, and increase in number
in later stages (Fig. 11).

Stage VI, Spent Stage

Definite empty follicular coats are majority with
residual atretic oocytes. Larger oocytes (170 um)
also exist Ovarian wall thickness about 300 um.
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(b)

Fic. 9a. Ripe stage (32 cm, April 10) (400 x). A magnified tertiary yolk vesicle oocyte (Tyo) (ripe oocyte). A magnified tertiary yolk
vesicle oocyte (Tyo) (ripe oocyte).
Lv: Lipid vacuoles, Ch: Chorion and Zr: Zona radiata.
b. Ripe ovum showed yolk liquefaction (GSI 12) (400 x) Ly liquid yolk.
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(b)

FiG. 10. Running stage (26 cm, May 10) (GSI 10) (100 x) showing the ripe ova at different liquefaction stages and first appearance of
empty follicle (EF).
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Fic. 11. Spent stage (29 cm, May 30) (GSI 2.02) (100 x). Completely spent ovary showing empty follicles (EF).

Testis (Fig. 12-17)

As in the majority of teleosts, testis of S. canali-
culatus is of the lobular type, seems multi-lobed in
ripe condition. In sections, the testis is composed
of numerous semineferous lobules arranged in a ra-
dial way and separated by fibrous connective tis-
sue (Fig. 12a). The lobular wall containing cysts,
the primary male germ cells are large (av. diameter
10 um), lightly stained with a large nucleus (Fig.
12b). Testicular wall (tunica propria, about 100 um
thick).

Spermatogenesis takes place within these lob-
ules and mature sperms are released into the col-
lecting ducts at the end of the maturation cycle.
The changes in the germ cells associated with
sperm development are shown in Fig. 12 -17.

Spermatogonia, have pale cytoplasm and a small
central nucleus (av. diameter 7.5 um), often occur
as groups attached to lobulel's wall. They found at
most stages of testis maturation. Primary sperma-
tocytes are smaller in size (av. diameter about 3.5
um), darker in color, cell wall is unrecognizable
and nucleus is small. Groups of secondary sperma-
tocytes, are identifiable by their relatively smaller

size, homogenously staining nuclei and their patch-
es appear darker within the sperm cyst (Fig. 13b).
Spermatids, have very small, intensely-staining nu-
clei occupying most of the cell, therefore appear the
smallest (av. diameter 1.5 um) as well as darkest
cells at later stages (Fig. 14). Spermiogenesis,

which occur in lobules lumen, is evidenced by the
appearance of free spermatozoa which are clearly
identifiable by their tails. In the ripe stages, the pre-
dominance of Parashut-like sperm clumps within
the lobules are recognizable (Fig. 15). Lobular wall
undetectable. Tunica become thin and enlarged. In
running males the lobules are filled with milt (Fig.
16) which facilitate the release of sperm patches
during the spawning season. In spent stage, empty
lobules are majority with thick interstatial tissues
(Fig. 17a). By the end of spawning cycle, only sper-
matogonia and residual spermatozoa are present
within the lobules (Fig. 17b).

Discussion

Rabbitfishes belonging to the family Siganidae
include a group of potentially important aquacul-
ture species occurring in the Indo-Pacific, Indian
Ocean, Red Sea and Eastern Mediterranean regions
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Iet

(b)
Fi. 12a. T.S. in testis S. canaliculatus (16 cm, December) (GSI 0.42) (40 x). Rest stage: Showing semineferous lobules (SL) ar-

ranged in a radial way.
TW: Testicular Wall, Ict: Interstitial connective tissue.
b. A magnified part from the previous section (100 X).

Sc: Sperm cyst.
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Fic. 13a. Advanced early maturation stage (25 cm, February) (GSI 0.68) (100 x) shows sperm cysts (Sc) filled with primary and
secondary spermatocytes.
Sc: Sperm cysts, Sg: Spermatogonia
b. Advanced early maturation stage (25 cm, February) (GSI 0.68) (100 x) shows sperm cysts (Sc) filled with primary and

secondary spermatocytes.
Ps: Primary spermatocytes, Sc: Secondary spermatocytes, Bv: Blood vessels.
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Fic. 14. Developing stage (29 cm, March) (GSI 1.37) (100 %), shows different growth phases of spermatocytes within the sperm cysts
(Sc).
Ps : Primary spermatocytes, Cl: Cyst lumen,
Sc: Secondary spermatocytes, St : Spermatids.

Fic. 15. Ripe stage (22 cm, April 10) (GSI 12) (400 x). Early sperminogenesis process showing parachute-like sperms or spermato-
zoa (Sz).

Sc: Sperm cyst, St: Spermatids, Ss: Spermatocytes.
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Fic. 16. Running stage (26 cm, April 20) (GSI 12) (400 x). Lobules filled with Spermatozoa: Sz, LW: Lobular wall.

Fic. 17. Spent stage (partially spent): (29 cm, May 10) (GSI 4.57) (100 %), shows almost empty sperm lobules after the release of
sperms.
Rs: Residual sperms, St: Spermatids, Bv: Blood vessel.
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(Woodland, 1983 and Pillay, 1990). They attracted
the attention of aquaculturists because of their pre-
dominantly herbivorous feeding habits, fast growth
rates and high prices in the markets. Earlier inves-
tigations on rabbitfish cultivation have shown that
S. canaliculatus has good culture potential. The
fish is euryhaline and grows well in captivity and
in coastal areas (Lam, 1974, Al-Ardi et al., 1985,
Bwathondi, 1986, Kungvankij et al., 1990, Tacon
et al., 1989, Tawada, 1991 and Nelson et al.,
1992).

Although many taxonomic studies were carried
out, only few have dealt with the morphometry
(Mohamed, 1991 & Moharrum, 1994 for Siganus
rivulatus and S. luridus). Knowledge about S. ca-
naliculatus and S. spinus has been so far scarce.
The present work evidenced that these species are
not sexually dimorphic. The analysis of the morpho-
metric parameters and indices proved uniformity of
body depth of males and females fish and ascribes
significant body growth differences between the
two species under study in mid Arabian Gulf re-
gion. The derived morphometric indices are of par-
ticular importance as diagnostic features for each
species and can also serve for any other taxonomic
purposes. In earlier studies, sexual dimorphism in
siganids was reported by Helfman (1968). Males
are said to have slightly more elongated body than
females of the same length. Also, Manacop (1937)
wrote that that during the breeding season of Am-
phacanthus oramin ( = S. canaliculatus), the sexes
may be readily distinguished and separated. The
males are generally smaller than the females. These
observations suggested a possible significant body
depth variations among sexes. Moreover, Al Ghais
(1993) recorded heavier weights for females than
for males in relation to length.

K values are usually used to indicate the suita-
bility of the environment and to compare between
wild and reared fish.

The present work detailed information about S.
canaliculatus oogenesis and spermatogenesis pro-
cesses are of great value for artificial spawning of
the species and could serve as applicable technical
basis for fry production in the hatchery in the near
future. Apparently, spawning in captive S. canali-
culatus is influenced by the moon phase (El Sayed
and Bary, 1994). This species mature 1-2 months

earlier in captivity than in nature (Bwathondi,
1986). The development stage of the oocytes when
the fish were transferred to spawning tanks was
more important. Histological evidence indicated
that only those fish with oocytes characterized by
germinal vesicle migration spawned without injec-
tion. Successful breeding and mass rearing of S.
canaliculatus to metamorphosis were carried out
(Manacop, 1937, Mcvey, 1972, Bryan et al., 1975,
Akatsu et al., 1984 and Tawada, 1991).

Several investigators have recently demonstrated
that some rabbitfishes can be grown to commercial
size in various types of culture systems including
earthern ponds (Pillay, 1990 and Tawada, 1991),
cages (Baga and Scayanan, 1980; Bwathondi,
1986; Tacon et al., 1990 and Kunguankij et al.,
1990) and tanks (Paul et al., 1990). Under com-
mercial conditions (cages or ponds) growth rate
was at least twenty times higher than in smaller
tanks. Comparable results for S. rivulatus was 140
g for the same period (Shalaby, 1998). S. luridus
showed a faster growth rate than S. rivulatus and it
may prove to be worthwhile to put more effort into
developing it as a fish culture candidate. No com-
petition exist between the two species when grown
together (Shalaby, 1998). It is important therefore,
to collect more data on the possibility of polycul-
ture S. canaliculatus, S. rivulatus & S. luridus.
Since previous farming trials of raising S. rivulatus
with mullets and prawn in Saudi Arabia were suc-
cessful (Bukhari et al., 1989). There, the culture of
"Safi arabi" must be considered as being potential-
ly highly attractive. Not only fish can be reared
(from wild caught seed) to a market size of about
150 g in 8-9 months, but it also can be cultured at
densities of up to 150 fish / m3 with no risk of can-
nibalism. Furthermore, rabbitfish have the ability
to feed on a wide variety of low cost and locally
available animal feed lines in dried form, including
their ability to keep algal net fowling to a mini-
mum through their continuous browsing activities.
Floating net cages, covered above water with bam-
boo matting appears to offer the best prospect for
successful farming of rabbit fish (Lam, 1974 &
Tacon et al., 1990).

a) Detect the possible relation between size
(Body depth ratio index) and sexual dimorphic
growth, a very useful character for sexing the spe-
cies visually under aquaculture conditions.
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b) Derive formulae representing the relationship
between total and standard fish length so as a val-
id comparison between results based on either
length could be made.

c¢) Describe the state of well being (robustness)
of males and females S. canaliculatus using the
condition factor and signify differences if any.

d) Identify these three important diagnostic
characters (BD, SL & K) for two siganid species,
S. canaliculatus and S. spinus, inhabiting mid-
Arabian Gulf.
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