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STUDIES ON THE BIOLOGY OF YOUNG CREY MULLET, Mugil cephalus L.

Abstract

This is the second of a series of investigations into the biology of young grey mullet,
g% gephslus L., and the feasibility of its culture in the coastal, estuarine waters of
Sri Lanka. The fsod and feeding hl%i‘tl of millet, 20-55 mm in length, from the coastal
Negombo Lagoon (7 10'F latitude; 79 50'E longitude) were studied from November 1974 to
October 19750

The feeding intensity, estimated as the number of food organisms per feeding individual
followed a measonzl pattern with ihe intensity increasing from April onward and reaching &
peak during June-dugust. Over 80 percent of the individuals ware found to feed throughout
the year. The diet comsieted of 18 genera of diatoms, 8 genera of green algae, some desmide,
6 gensra of blue-green slgae and 8 other food groups. No sand or detriirs was found to ocour
in fish below 25 me in length, and the parceniage of ocourrsnce of detritus lml/or sand par-
ticles increased with incresse in body length. Quantitatively end quelitatively, diatoms
were the most predominent food items, sccomnting for more than 50 percent of the total diet.
Although only one genua of Xenthophyceas was found to occur in the diet its contritution was

-’.‘ﬂifim .

K. was found to show diwrmal periodicity in Peeding activity; peaks of sctivity
occurred at end around mid-dsy and were unrelated to the state of the tide.

The significance of ithe nature of the diet and the occurrence of two peaks of feeding
activity within a 24~hour period is evaluated in the light of known knowledge of the food and
feeding behaviour of M. cephalus at various stages of growth, and the possibilities of poly-
culture with other herbivorous epecies is discussed briefly.
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1, INTRODUCTION

Kost studies .of the food and feeding habita of fishes, from varying habitate, have shown
that those of any one species differ in time and spece and at different stages of growth
(Hardy, 1924; Savage, 1937; De Silva, 1973; Staples, 1975), thereby emphasiszing the need to
gtudy in more detail the food habits of & species. The food and feeding habits of at least
five members of the family Mugilidse have been studied, and that of Mugil cephalus, in

particulsr, by Lather (1962), Susuki (1965) and Odum (1968 and 1970). The present paper
presents the resulta of inmvestigetions carried cut in Sri Lanka from Hovember 1974 to
October 1975. It is the second of & series (sse De Silva and Ferera, 1976) of detailed
investigations into the bioclogy of the grey mmllet, M. cephalus, and the feasibility of its
culture in the coastel, esinarins waters of Sri Lanka. ;

2, MATERIALS AND METHODS

Young grey mullet (ramge in total length, 20-55 mm) were caught with a cast or push net
at three sampling stations, 1.5, 3.5 and.5 km respectivsly, from the ses-mouth in ths
brackishwater coestal Negombo Lagoon (7 10'N latitude; 79 50'E longitude)., Sampling was
cerrisd out semi-monthly betwsen 10.00 and 11,00 hours. The fish were put in ice immedistely,
brought to the lsboratory, and frosen until further exsmination. A minimum number of 150
fish were analysed momthly.

Eech fish was measured 1o the nesrest mm and the stomach contents identified to the
generic level, as far as possidle. After identification, the contenis of any ome sample wers
pooled and the numbers present from each major taxomomic group (e.g., diatoms, blue—gresn
algas, green algse, eto.) were ssiimated using s wet sampling technique. The relstive impor—
tance of the major group of food items was calculated relative to the total mumber of orga~
niems per fseding individusl. In April, July and August 1975, fish were captured et 3-hour
intervals to study diurmal feeding activity. The method of snalyses of these samples was
that of De Silva (1973).

3. HESULTS

3.1 Peeding Intersity and Distary Composition

Monthly veristion in feeding intensity, measured by the rumber of food orgsnisms per
feeding individual, during the study period, is shown in Fig. 1. It is seen from this that
the feeding intemsity increases from April onward resching a peak during the Juns-Auvgust
period and thereafier shows s downwsrd trend. Over 80 percent of the individuals were found
to fesd every month and the variations in the percentage of fesding individuals gererally
followed that of feeding intensity, except perhapz in Pebruary,

The monthly distary comwposition from November 1974 to October 1975 is summarised in
Teble I. A total of 1E genera of distoms (Becillariophycese), 8 genera of gresn algas plus
some desmids (Chlorophycese), 6 genera of blue—green sigas (Cysnophycess) and § other food
groups were found to consitute the dist of young grey mullst. Foreminiferans and other
animal materisl were found to ocour only im the dist of fish obiained from the station closest
40 the ssa~mouth and were taken, as indicated by Table I snd Fig. 5, rather rarely and
gparsely. The importance of distoms end the other three major taxonomic groups in ths diet 3
young mmllet is further shown in Figsl 2 and 3, whioh give the percentage of ocourrence ‘
each major taxcmomic group in feeding individusls month by month end for the full length
the investigation, respsctively. The minimsua length of mullet in which sand particlen
or detritus/found in the stomsoh was 25 ma. The percentege of individuala which hsd

S84

£

detritus or ' in the stomach in each om-group was calculsted; the relstionship which is
shown in Pig. 4 sppears to be a part of & sigmoid curve, i.e., with increesing length there

an incresse in the occurrence of sand or detritus in the food.
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Table I
Detailed dietsry composition of juvenile mmllet
Item Kov. [Dec. [Jau. [Feb, Har. lpr. 'v Wune |[Jul. h‘. Sap. |0ct.
mm'(amuhncwm)
4 Y e [ () [ Sled
+ |+ + |+ |+ +
+y + |+ + |+ ]+ |+ |+ |+ |+
| + (:) + + |+ 1+ |+ |+ |+ |2
i (+) (+) |(+) (+) |(#) # (#) |+ |+ [(+)
- + + |+ + |+ # | #* e
; + (+) + |+ + + + >
(")a + : {+) («) | + £+3 + [(+)
+ = + + +
' + |(+) + |+ |(+) [(#) s-r +
. + + |+ + |+ |+ |+ |+ 13 +
b (+) + |+ |+ 1+ |+ |+
l + * |+ + |+ |+ | + e [» hs
; + + |+ + |+ |+ + + |+ |+
a + L o . + [((#)]+ |+ |+ [+ |+
: + |+ + |+ ]+ |+ [(¢) |(+) | +
P 3 (+) | + (+) [ (+) |(+) |(+) 5«3 21'; (+)
T OREEN ALGAE (Chlorophyossa)
‘ (+) (+) +
. : |5 (#) | () [(0) (+)
+ + |+ + + |+ |(+) [+ |+
kS *) - + () | + + |+
+) |+ + + (e
’ & [
+ (+) |(+) {+) ) +) |[(+) [(+) +
ALOAR (Cyanophycese)
* + + + + 4 + +) (+) . +
v : O R 10 B X 2 3
" S ol (@]« |+ |m
+ + + + + + * + +
+ .|+ + |+ + |+ [+ |+ |+
o AR 1
8 W .
- +) {{+ +
ge) H + |(+) [(#) [(#) H
(+) [(+) (+) +
-* + + + + |+ kS + + +

ence of items in lems than 10 percent of fedding individuals
) of items in mors than 10 percent of fesding individusls
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rtance of Food Items

wve importance of the major food items for the whole year, excluding sand and

ghown in Fig. 5. It is evident that by far the biggest component of the diet

s (Bacillariophyceas) which accounted for 55.5 percent while all the animal material

sther accounted for lees than 1 percent. It ie also of importance to note that although

ene genus of the Xanthophyceae was taken by young mullet, quantitatively it accounted

~ for a significant portion (15.5 percent) of the diet. Green algae and blue-green algae
accounted for 22.3 percent and 6.1 percent of the diet, respectively.

Monthly variations in the relative importance of the major componenis are given in
Fig. 6. Diatoms domineted the diet every month except during August and September when
Chlorophyceae and Xanthophyceae, respeotively, were the dominent components. Further, the
ohanges in the relative importance of diatoms and Chlorophycese followed a reciprocal
relationship to each other throughont the year.

3.3 Daily Feeding Activity

Resulte of diwrnal surveys carried out on 12-13 April, 5-6 July and 29-30 August 1975
are shown in Fig. 7. Peeding activity in the present study was estimated as the weight of
stomach contents expreseed es a percentage of body weight; the mean for over 50 individuals
being obtained at 3-hour periods. Figure 7 shows that there are two peaks of feeding acti-
vity, one around dswn and a very high level of activity thereafter resulting in a peak around
mid-day. The former was most clearly visible in April; the latier peak distinctly showed
up on all three occasions. It is also clear from the figure thai tidal variation does noi
geam to affect ths feeding activity in young Mugil cephalus.

4. DISCUSSION

This study has shown that young M. cephalus do not feed at the same intensity throughout
ths year, as suggested by Hiatt (1944)_, based on studies in fish ponds. Similarly, Luther
(1962) observed seasonal differences both in the intensity and compoeition of the diet of
fish ranging in length from 78 to 300 mm, feeding intensity being taken as the percentage
occurrence of feeding individuale. The percentage of feeding individuals was generally much
bigher in the present study. The percentage of feeding individual. has aleo been found to
be generally higher among smaller sizes in other species of fish such as herring (Clupea

- and sprat (C. sprettus) (Hardy, 1924; Marshall, 1939; De Silva, 1973).

The increase in feeding intensity from March until September ia‘po-li‘bl,y a reflection
of food availability. The inter-monsoonal rains from October onward, and the southwest
monsconal rains which follow in April-May, would bring in mutrient material from land run-—
off. It is, therefore, possible that the peak in production of phytoplankton, the principal
food of M. cephalus, occurs sbout July-August. Studies on phytoplankion produciion are needed
to confirm this hypothesis.

The dietary composition of M, cephalus wes categorized by Thomson (1966) as: (i) micro—
algae (ng decaying plant detritus, 1ii) iorganic sediment particles. According to
Odum z1970 , juvenile mmllet up to 30 mm in standard length (about 35 mm total length) are
primarily camivorous. During the present study, fish ranging from 20 to 55 mm in total
length were investigated snd it is clearly evident from the present study (see Table I and
Fig. 5) that in grey mullet 20~55 mm total length animal material constituted only a very
minor proportion of their food. However, Suguki (1965) and Zismsnn, Berdugo and Kimor (1975)
have shown that post-larval M. cephalus are carnivorous, feeding mainly on micro—crustaceann.
The succesaful rearing of larval fish fed entirely on animal material (Nash, Kuo and McConnsl,
1974) also demonstrates the carnivorous nature of larval and post-larvel grey mullet. The
present study shows that the carnivorous habit is given up at a size much earlier than 30 mm.
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. Of the items given in Table I, four gensra of diatoms have also been observed to ocour
n the diet of M. cephalus of 16.2 to 400 mm in length in Hawaiian fish ponds (Hiatt, 1944).
The great wajority of the diatoms and almost all the green and blus-green algae that con-
stitutes the food of young mmllet in this study (Table I) are planktonic. Furthermere, in
‘most omses the ingested plant material was not in a state of decomposition or disintegratiom,
‘possibly indicating that this material was no: derived primarily from the detritus that was
ingested. On the other hand, Odum (1970) councluded that very little food ingeeted by mullet
bwngum{ed. {rom the water columm, the possible exception being planktonic forms settled on
the benthos. However, Odum did not clearly indicate the size-range of the fish he studied,
and it eppears that he wes referring to fish ranging from 75 to 200 mm. Adult mmllet in
provided with plastic pastures harbouring benihic diatoms and aligae (Shehadeh, Kuo and
Nash, 1973) were found to graze successfully on these plastic pastures, where only ihe genus
cula was found to occur in the size group presently studied. However, the high occurrence
“in fish over 25 mm in length of sand pariicles and/or detritus, foraminiferans and other
benthic material undoubiedly indicates a bottam feeding hebit, at least to a certain degree.
Further, incresse in the percentage of occurrence of detritus and/or sand in the stomach with
dncreasing length ies a probably indication of the edoption or gradual transition from a
planktonic to benthic feeding habit. From all the evidence, including that in the present
study, it appears that mmllet ranging from 20 to 55 mm represent a traneitional phase from
e planktonic carnivorous habit in the very young to an almost complete benthic grazing habit
in fish over 55 mm in length.

In the present study, unit value has been given to all the food items and their relative
importance calculated on this basis. This may not bs the most accurate method of masessment,
even though most of the organisms were of the same size group (Pillay, 1952). However, it is
seen that diatoms, green algae and blue—green algas together account for more than 90 percent
of the total diet. It is unlikely that the size group under study derives & significant pro—
portion of its food from detritus, unlike adult mmllet (Shehadeh, Kuo and Naeh, 1973). All
evidence indicates therefore that young M. cephalus is a primary consumer and an important
link in the food chain. Further, in contrast to larger fish (Odum, 1970) the bulk of the
material ingested originates from the water columm. According to Hiatt (1944) young mullet
frequently feed in schools at the water surface and have been observed to ingest the surface
scum which contains numercus diaioms.

Odv= (1970) suggested that under normal conditions mullet appear to feed almost con-
tinuously throughout the day, though at different intensities. PFurther, according to him,
there is a relationship between the state of the tide and rate of ingestion. The evidence
gathered from the present study is contradictory to his findings. There appears to be no
relationship between the state of the tide and the intensity of feeding, and at least
Fingerling mllet between 20 and 55 mm in length do not appesr to feed contimously. The
present study has shown that juvenile mullet feed during the day, starting around dawn.
Their peak of feeding activity is around mid-dgy, when the light intensity is at its highest.

The importance of studies on food and feeding habite in aquacultural practices, par—
ticularly in polycultural practices, is well kmown to fish culturista. M. cephalus is
extensively used in polycultural practices (Yashouv, 1968; Bardah, Ryther and McLarmey, 1972)
but as pointed out by Oren (1975) its food and feeding habits at various stages of growth are
1ittle understood. The prement study, however, provides useful information on the food and
fegding behaviouT of M. cephalus fingerlings. This should be of value to aquacvlturiats who
wish to include young mullet in ponds where polyculture with other herbivorous epecies is
practised.
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