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I, INTRODUCTION,

The Zoology Department of the U.C.T. has been making
an ecological survey of South Afrlcan estuaries. The plant
and animal 1ife of many estuaries has besen studied in
relation to physico«chemical conditlions, and bottom fauna
has beeh dealt with in great detail. Not much is known
about the fish populations that occﬁpy these estnaries. It
was therefore decided that some information about typieal
estuarine fish might be of use.

For the first four months nettings were mades at two
estuaries near Cape Town (Milnerton and Hermanus Lagoons)

" and the stomachs and gonads of all the species of fish
caught were exemined. Thls gave a general idea of the
feeding habits of the species present, and it was realilsed
that more useful results would be obtained if after this
the general biology of one or two typically estuarine fish
was lnvestigated in more detail.

The genus Rhabdosargus Fowler was chosen. All three

members of this genus, R.globiceps (Cuvier), R.tricuspidens

Smith, and R.sérba {Forsksal) occur In South African sstuaries,
and are very sultable for study for various reasons;
a) In almost all estuaries from Walvis Bay to Natal at

least one specliaes of the genus ls found, and often in large
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numbers.
b) In the estuarles studled the major portion of the fish
fauna is made up of marine species that are tolerant of

estuarine conditions. All the speclies of Rhabdosargus fall

under this category.

e) Two of the species (R.globlceps and R.tricuspidens)

are found in estuariss within easy reach of Cape Town, and
samples of all the species could be obtgined from the
estuarles that were belng visited by the Zoology Department,

Rhabdosargus globiceps (Cuvier), the "white stumpnose",

ranges from Walvis Bay to Durban (Barnard 1927), being
abundant on the West and South Coasts, and occurring in
lesser numbers up the East Coast; Juveniles commonly snter
estuaries, but fish over about 150 mm. seem to prefer the
sea. The "white stumpnose” 1s of considerbble economic
importance as a food fishe. Shore netters take great hauls
of them on occasion at Langebaan (Blden I930), Blaauwberg;
Hout Bay, Fishoek, and Muizenberg. Line boats make fairly
regular catches in False Bay throughout the year, especially
from May to October in shallow water at night. Trawlers

nét them on the Agulhas Bank down to 40 fathoms, and they
are also an Iimportant angling fish on the West and South
Coasts. The largest record is 500 mm., about IO 1lbs. (Smith

1949).
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Rhabdosargps,tricuapidens Smith, the "silvie", 1s also

restricted to South Africen coasts, being found from the._
Cape'Peﬁinsula to Zululand. Although of fair 1mportanée as
an angliﬁg fish, it does not occur in such large numbers as
R.globicegl, and 1s not of sconomic importance. Ths "silvie®
1s often abundant 1n estuaries, both juveniles and adults
bsing present. Itvgrows to 350 mme (about 4 1bs.) (Smith,
1949). |

Rhegdosargﬁﬁ sagggv(Forskalj; the "yellow-fin bream®,
is the only mambef‘of theaéehus without such a restricted
range, belng found over the whole Indo-Pacific region, and
coming down our East Coast as -far as Knysna. It grows up
to at least 450 mme (about 7-8 1bs. ), and 1s an important -
angling fish on thevﬂatal caasts. It is not of scononmic
imporﬁancé-in South Africa. BNo Japanése, Chinese, or
Ihdién hotes are available on R.sarbs, but in Australila

this spécies {called the ﬁtarwhiné“ or "silver bream™) is
present in falr numbers, is caught- by anglers, but .is not
of economic significance.{Munro 1949). Both sdults and

juvenliles commonly enter estuaries.
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~ Legend to Figure I.

lobiceps (Cuvier).

Actual slige gpthxﬁo mihe

These three spegias gach seenm to be dominant at
daifferent reglons along the coast, overlapping gonerously
lobics

with the speclies alongslde.  Rs 3 1s the only member

of the genus on the West Coast, and is algso found on the
South Coast overlapping with R.tricuspidens. From Knysna

to about Durban Retricuspidens is the-commonest of the

three species; and north of this R.farba is pressnt in
greater numbers. o

. The differoncos between the threo specles are small.
. Differences in colorantion and barring, teeth, and the
presence or sbsence of scales on the preopercle flange are
mentloned by suthors (Barnard 1925, Smith 1945), as well as
some alight diffbreneea in body shape., As the teoeth of
the three spociss have nover been figured bafors it is of
itnterest to show thom here, (see Fig.2).






Uppérvmiddle'ineisbrsfof different sized
fish of the three species of Hhabdosargus.

I, Retrlcuspidens . 35 mm.
~ 24 Retricuspidens 130 mm,
3e Hetricuspidens 193 mm.

61 mma
94 mm.
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Rotricuspidens is unbarred, the preopercle flangs has

a few hidden scales, and a golden stripe can usually be seen
running along the side of the body just below the lateral
line. Juveniles have tricuspid testh, as can be seen in
Fig.2 (I), the sketch of a front upper incisor of a 35 mm,
fish, When the fish have reached a size of about IZ0 mm.
the cusps have become much worn, and usvally chipped. Fish
larger than this show little or no sign of cusps, and a
rather broad, spatula=like tooth resulﬁs;

RHegarba has no, or at most very faint, cross barring,
the preopsrcle flange is naked, and a yedlow mark at the
base of the pslvic fins running back for about an inch is
found in larger fish. The teeth in juveniles (Fig.2 (4))
have a fairly distinct tfiangular head, but beccms more peg-
like Whén worn down in the aéult,(Fig.E (8).)

R.plobicepa has about seven strong<crossbars, and the

preopercle flange is naked as in R.sarba., Juveniles have
very sharp pointed incisors, but these become worn’to’paés
very much 1like those of R.sarba in adults. The adults of
these two species could probably not be teld apart by the
shape of the teethe. For the juveniles of all three species

the teeth are the best characters for identiflcation.

Little former work on any of the spscies of Rhabdosargus
has bsen done, Biden (I930) in his popular book " The Sea-
Angling Fishes of the Cape" has devoted a chapter to the
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"white stumpnose", giving notes on angling, economic import=
ance, and a few records of gonad condition and food organisms
found in stomachs by anglers. Gilchrist (I904) in a paper
on the development of some South Afriecan fishes describes
succeasful fertilisation experiments carried out on this
species, and gives detalls of the subsequent developmental
stages observed,

Munro (I945) has describaed some postlarval stages of
R.sarba from Australia, and in 2 personal communication has
stated that no work on the biology of this species has been
done in Australia, India, China, or Japsn.

Many interestling problems were then in need of study:

a) Feeding. What are the fdo&aof these species inside and
outside aestuaries ? Is there a change in food with size ?
Do seasonal changes in food occur % o

b) Bresding. When do these fish reach maturity ? Do they
spawn inside or outside estuaries ? When are the spawning
seasons ?

¢) What is the rate of gfowth of these specles ? Why are
large fish never found in estuaries? Is the rate of growth
the same inside and outside the estuaries ?

d) How do salinity and temperature changes in the estuaries
effeet the distribution of the fish ?

e) As these afe typibal eatuarine fish can infbrmation

obtained about them be used to understand the habits of
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other members of tho estuarine fish fauna.

Hermanus and Milnerton Lagoons, from which most of the

Reglobiceps and some of the R.tricuspidens were obtained

are in ohe respect not typlcal estuasries, ZEach year the
mouth 1s dug open after the winter rains, and closés agaln
invsummer, érobably from wave action. Although many estuaries
along th@ coasts are open and closed periodically, this

does not happen with such regularity. An estuary may remain
closed for thres years before exceptional winter ralns open

it,

In the following account R.globiceps, which could be

easily and regularly obtained, is dealt with in detall, and

notes on Rs.sarba and Retiricuspidens are given.,

2. - METHODS

a) Obtaining Samples,

For the general description of the feeding habits of
estuarine fish two nettings were made at Milnerton and
Hermanus Lagoons in April and May I950 respectively, and
records obtained by Ecologlcal Survey excursicns have also

been used.

Rhabdosargus globiceps were obtained from regular
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nettings at Hermanus and Milnerton Lagoons during 1950 and
19561, From Jsnuary to July I951 monthly samples of fish
were bought from Kalk Bay lline boats, but in May and June
the line boats left for the snoeking season at Hout Bay.
Fish were also obtained from trawling off Cape Infanta, from
an Ecologlcal Survey excursion to'the Breoede River estuary,

and from angling, (Ses Table I,)

“I‘able Ie

- . No.Fish . No.Fish.
Place and Date, Caught by. Measured Opened. Size Range.

Hermanus Lagoon, Le.seline I, 166 371 52«1I54mm,

May50=-Jvly'561,

Hermanus Lagoon, Drag net. -12 12 27-105mm.
Jan,., Peb.sMarch,

April,Io5I.

Milnerton Lagoon, A
April'50=June'5I., S.seine 631 238 28-98mm,
Breede R.,Estuary, All nets 44 44 356=124mm,
July 1I951. .
Kalk Bay, Hand Lines 41 41 128-300mme.
Jan.’-July‘SIC .

Cape Infanta, Trawl at 5 5 128-~260mm,
July'50,JulytbI. 30 fathoms

Millers Point, Angling 6 6 200-320mm,
May 1IoH1.

Buffels R.Mouth, Angling - 6 . 300-350mm,

July 19561, approx.

For description'of nets see below.
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Rhabdosargus tricuspidens was obtained in smali

numbers from the following places: Hermanus Lagoon (62 fish},
lilnerton Lagoon (3 fish),{from regular nettings during I950
and I95I,)and from a number of surveys by the Zoology Depart-
ment to the following estuaries, St.Lucia (January'51),
Richards Bay (January'5I), Durban Bay (July'50 and July'5I),
Bushmans River (September'50), Knysna (January'51), Great
Brak River (liay'50), Breede River (July'5I). The total
number of records of fish is 275.

Re.sarba was obtainéd from Ecological Survey trips to
the following estuaries; St.,Lucla (January'5I), Richards Bay
(January'61), Durban Bay(July'50 and January'5I). The total

number of records is I75.

Nettings at Hermanus and Milnerton Lagoons were made
with three nets, the Large Seilne, the Small Seine, and the
drag net. All of these nets are more or less selectlive,
none giving a true random sample of a fish population,

1) The Large Selne.

This 1s a selne of English design which 1a welighted to
sink when pulled, so that 1t covers the bottom, and does not
float as do the seines of commercial fishermen usad for
shore and estuary netting in this country. It 1s I562 ft. 1n
length, has a purse of I9 ft., being 56 ft. deep 1n the wings
and 7 fﬁ. deep at the purse. The mesh of the wings 1is I% inck

bar, and that of the purse £ inch bar. To either end of the
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net are attached to ropes of 260 ft.

The net is most efficiohtly worked with four persons,
It 1s first packed on a boat, (see Fig.3). One of the ropes
i1s held ashore and the boat is rowed out right angles to
the shore. W m the net 1a reached the boat 1s rowed in a
U shaped ourve I e the net 1s lald. The purse will 1ie in
the middle of this U, and must be cast clear o prevent it
lying over and fou ing the net,(see Fig.4). The boat is
then rowed ashore 1lle the second rope 1s payed out, and
the two ropes are p .led $£1ll the net reaches the shore. The
head and foot rope of the net are then pulled separately .
In Pig.b the net has just been reached, and as soon as the
end of the het is Llear of the water the head and foot
ropes will be pull 1 sepapately.

The Large Seine was used at Hermanus Lagoon., 1Its
sampling error effects a) aspecies of fish that swim upward
when distrubed, b) fish fast and wary enough to swim round
the net, and c¢) fish small enough to slip through the mesh.
Lize remada and Mugil cephalus must often escape by swim-
ming over the net. gxgacanfhus amia and Pomatomus saltator
being typically fast pelagic fish should often be able to
swim over or round the net, Flah bet 60-80 mm, must
start slipping through the mesh. rfor , abdosargus sp. it
is an excellent net, for they are bottom feeders, and not

(1f one may judge by their shape) extremely fast swimmers .












b) Preserving Fish,
In opening fish brought back from Ecological Survey

field trips 1t was found that the contents of the body
cavity were often so decayed as to be impossible to study,
whereas others that had perhaps been kept for a year or more
were 1ln excellent condition. An experiment was made to find
an efficlent method of preventing decay, and 1f possible of
preventing the digestive julces from working long after the
fishes were netted.

Different methods of preservatlion were tested on
soms Coblus nudiceps, kept 1n an aquarium., The fish were
starved for some time, and then fed on quantitles of mosqul
larvee, Some fish were preserved lmmedlstely 1ln different
strengths of formalln and aleohol, with or without the
abdominal cavity belng opened. Others were left for 24 hrs.
before preserving, being placed in a cool place after belng
killed. It was found that I) immediate preserving, 2) st
formalin, and 3) opening the abdominal eavity helped prevent
excessive decay.

In sampling at Hermanus and Milnerton Lagoons fish
were preserved a few hours after catching, being thrown into
strong formalin (about20%4) after an incision had been made
in the wall of the abdominal cavity.

¢) Working Through Samples.

P.T.0.
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c¢) Working Through Samples,

At the monthly nettings the numbers of the differe
specles caught, and theilr maximum and minimum sizes w )
recorded, and 1f possible the fish were returned alive to
the water. The measurement of length was made to the base
of the caudal peduncle.

All Rhabdosargus were kept and preserved in the m . r

described (page I6), In the laboratory the lengths and
welghts of all the fish were taken, and a random sample of
30 fish opened.

The different food organisms, and the number of each
organism present, were noted. Gonads were weighed, and 7"
gonad described, 1f male as "milky" or "not milky", and ir
female the colour of the ovary, and the dlameter of the
ova recorded. Parasites in the gut were also recorded.

Four or more fish of different sizes from each sam )
were selected, and the supra-occipital crest, one otolith,
and a number of scales removed and kept dry 1in paper pac Be

Scales were taken from beneath the pectoral fin, as
these scales are large, and being in a protected place are
seldom regenerated. They were examined using the method of
Lea (I9I9) and Graham(I929), taken from Blackburn (I849).
The scales were left for six or more hours in 2% sodium
peroxide, and then put into a 2% solution of sodium sulp te

for a few minute:s rubbed with the fingers to remove any
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adhering skin, and then pressed on to a slide with some
blotting paper. The scale remains attached to the slide for
some minutea, and can be projected on a screen in a dark
room and observed. Large scales do hot adhere to a single
slide and were placed between a palr of slides,

The supra-occlpltal crests were examined dry under a
dissecting microscope with side lighting against a dark
background.

Otoliths were removed by cutting down through the
skull on one side of the midline in small fish. Larger fish
were more difficult to deal with, and a dlagonal cut from
the posterilor end of the operculum of one side of the fish
to the eye of the opposite slde was easler, Some otollths
showed rings when examined under water with side lighting

inst a dark background, but others had to be ground. This
was done with powdered glass as an abrasive against a ground
glass plate. It was then examined under water as before,

or with just the ground face molistened.

d) Sources of Error.

In all experiments where a sample 1s taken as represen-
tative of a whole population there 1s a certain amount of
error in the results purely due to chance., Thils 1s greater
the smasller the sample. In sampling a fish population of

unknown size 1t 1s very difficult to know how much this

sampling error 1s affecting the results.
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e HERMANUS LAGOON,

a) Description,
A detalled description of this lagoon and its bottom

fauna has been made by Scott, Harrison, and Macnae (in preas)
so only a short description will be given here,

This ¢ ry lies in the cwrve of Walker Bay, about
8C miles to the east of Caps Town., It is formed by the
Klein River, and a feow small streaps coming from the moune
talns on 1ts western edge. It forms a lake about sik miles

long and at most half a mile wide, with an average depth
of about 8 ft, in summer, and a few feet greater in winter
when the lagoon is full of flood water. Dspths up to I9 .,
have been recorded from the channel, (ses Fig.7).

When in the summer months little water 1s entering the
vlieil a send bank 1s bullt up at the mouth (probably mainly
by wave action) and the vlel becomes land locked. The lev
usually drop slightly during the summer as water 1s evapor-
ated, and then starts filling with the winter rains, When
the increase in extent of the lake interferes with farming
operations the mouth 1s cut open, At first a2 narrow man-
made channel, the mouth soon becomes wilde as the mass of
water pours out, and the lagoon becomes tidal for most of
1ts length, The mouth then gradually closes, taking usually

about five months. iere are thus fairly regular perlods



avery year during which the mouth is open and shut, Duri
I950 and I961 when this study was taking place the state of

the mouth was as followsi~

Mouth Shut Mouth Open
19503 Febru ry - September (October - January('5I)
19613 Febri 7y ~ June July ocawarde.

Both the flora and the fauna of the lagoon are rich.
Beds of Zostera marina, Ruppla maritima, and fillamentous
algae shelter and fesd abundant life. Animals such as the
small gasteropod Assiminea sp,, the pelecypod iodlola ¢ n-
8is, the amphipods Corophium trisenonyx and Melita zey v

and Chironomid insect larvae are abundant in arseas of the

woed beds. (Calllanassa kraussi 1s found in muddy sand in

the shallows and along the edges of the lagoon, and in the

firmer sand of the mouth Solen capensis forms rich beds,.

The lagoon has therefore the main elements to support
a very rich fish faunag both plant and animal foods in
sbundance, &and cover from enemles.

Two stations were chosen for regular netting at
Hermanub Lagoon,(ses ¥Fig.7). The region at the mouth, ly!i_
between asterisk (I) and asteriask (2) in Flgure 7, was the
first station, and anskyn Baal (asterisk (3)) was the
second. The first therefore lay in the channel, and the
second at the edg the opsn vliel, A station higher up

the lagoon would have been useful, but these two statlions
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were Jjust near enough to allow for a boat to be taken from

one to the other and both to be netted thoroughly in one day.

b) Fish Fauna Present in the Lagoon,
Table II. 18 a liat of species of fish netted in the

estuary at Hermanus during the monthly samplings in I960 and
I96I., At least 20 of the 26 species found there were marine
fish tolerant of estuarine conditions. Of the other five

species (llchristella aestuarius, Atherina breviceps, and

Psammogoblus knysnaensis seem t0 be found chiefly in estuar-

ies, and R,tricuspidens and Syngnathus acus are possibly

more estumrine 18n littoral in habit,

The fish in Table II. have been arranged very roughly
into three groupa, "sbundant", "common", and "rare". A more
accurate picture of relative abundance 1a not given by the
sampling becauses-

1) 8maller species get through the mesh of the Large
Seine.

11) The Lai > ine catches bottom fish and tends to
lose those fish 1at swim near the surface of the water,

114) Fish going to fhe deeper water of the channels where
the net could not reach would escape ocapture,

An unnexpected omission from this list 1is Mugil oceph-
alus, a mullet common in estuaries both east and west of

Hermanus, It 1s possible that this fish was present in
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Table II, (continued).

FAMILY,

o8 8 thor §° _Range. As GCo
MUGILIDAR,
Liza r iada (Risso). ?60-260 mm, x
ATHERINIDAE.
Atherina breviceps Cuvier, I5-60 mm, x
GOBIIDAE.
Ps mogobius knysnaensis Smith, 27«60 mm, x
Goblus nudiceps Cuvier. 50-I16 mm, x
CLINIDAE.
Clinus superciliosus (Linnaeus), 62-I1I0 mm, x
TRIGLIDAE,
Trigla capensis Cuvier, 140-200 mm,
LAGOCEPHAL IDAE,
Amblyr] 10tes honkenii (Bloch). 120-145 mm. x

Fish netted in Hermanus Lagoon

during I950 and I961.
Aeecevesessabundant,
CoeossoenssaCOmmon,
Recesssesssrare,
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sand grains.

Rhabdosargus globiceps, R.tricuspidens, Sarpa salpa,
and probably elso Diplodus gargus Detrifasciatus are
omnlvorcus, croppit plants such as Zostera marina, Ruppla
maritima, end fllar :ous algae (main] 1teromorpha 8p.),
and also feedlng on the small crustaceans, polychaetes,
and small molluscs in the weed beds on the bottom,

Lithognathus 11 >gnathus, the "white steenbras™,

althol 1 taking vegetable mat r occasionally, is mainly a
carnivore, feedi  on animals sheltering in the weeds, and

also using its prognathous snout to suck or blow Callianassa

kraussi and Solen capensls out of sand.

16 small ™ ' Heteromyaol capensis and the “goby"
Psi )bius knysnaenslg are o¢omm Lows
near uth of the vlel. P.knysnsensls was found to

contain ostracods, amphipods, and : haeromid isopods,snd the

few Hetoeromycteris capensis examined had eaten ostracods and

forameniferan protozoans. Soles bleekeri, the larger "sole"
present in the lagoon, and not restricted to the mouth
region, had a more varied diet, contalning isopods, amphipods

Assiminea sp., and Modiola capensis.

Typleal of the wi 1 3ds re Syngnathus acus, Clinus

superciliosus, and Goblus nudiceps, the former sucking up
amphipods and copepods with 1ts ludlerously long snout, and

the two latter having a varlied dliet of amphipods, sphaeromild
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lsopods, Assiminea sp., and sometimes corabs and small fish.
The "whitebaita", Atherins breviceps and Gilchristella

asstuarius, which are small, slmost transparent fish,swim in

shoals and feed on planktonic copepods and amphipodb.
Two large fish predators were present in the vlei, the
"leerfish™ or ' irrick", ‘pacanthus emia, and the %"elf" or

"shad", Pomatomus saltator. 18y re only occaslonally

caught, but‘be! exc nally fast riﬁh, and probably
swimming near the surface, they may be present in greater
numbers than is shown Large Seine nettings.

Three species of cormorant, the "white breasted comor-

ant" (Phalacrocorax neglectus), the "trek duiker" (FPhalacro-

corax capensis), and the "reed dulker" (Phalacrocorax afric-

)s were present {  wvlei, as well as the "darter" (An-

hinga rufa)s These birds are all notorious fish catchers,

. predation duve to them cannot be very heavy, for a usual

count during a days netting wes only I2 - 5 birds.

It must be emphasized that the above note 1a based on
the examination of very few fish, uch more work would have
to be done to get a good general plcture of the food relatlion.

of the whole lagoon fauna,
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Mouth Closed Mouth Open
18603 February - July Auvgust -~ December
I961; January - March April - August.

Milnerton Lagoon 1s not as rich in plant life as
Hermsnus vlei, ! pia maritima 1s is found in a few places
but Zostera 1s absent, No quantitative sampling has been
done at elther eatuary so it 1s difficult to compare the
abundance of food organisms., Much mors silt seems to flow
into Milnerton estuary, however, and except for an area of
muddy sand near the mouth the bottom of the lagoon is deep
soft mud, a type of bottom yhich does not ususlly support
an abundant macrofauna according to Percival (I929,from Day

I96I). Near the mouth of Milnerton Lagoon there is an area

riohiy colonised by Cal "ant¢ 'a kraussl, and Chironomid
1arvée, isopods, and amphlpods seem to abound.

Two stations were netted in the lagoon. The reglon
called the "mouth" lies bétween asterisk (I) and asterisk (2)
in Fig.B, and "King George Fort" between asterisk (3) and
asterisk (4). Three samples were also taken from the Road
Bridge.

The Large Seine waas tried at Milnerton Lagoon, but
becawse of the soft bottom the net could not be used, merely
digging into the mud when 1t was pulled, The small selne

was therefore used for sampling.
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b) Fish Fauna Present in the Lagoon,

Table IIX, lists the specles of flsh netted in Milner-
ton Lagoon during I960 and I96I,

Table III,

FAMILY,
gg!ﬂi.‘.' ‘g Autyg. Size Raggo. h _c_‘. B.&

STOLEPHORIDAE .
Gilcochristella aestuari (Gilochrist 30-60 mm, x

and Thompson).
SOLEIDAE,
He" r ycteris ca sis Kaup. 46-60 mm, x
POMATOMIDAE,
Pomatomus salt or (Linnseus). 70-146 mm. x
SPARIDAR,
R 3 glnhineps (Cuvier). 28~II6 mm, x
)i} 2 Thens Smith, 63~87 mm, x
Liznognhatnus 1! znathus (Cuvier), 265-I60 mm, x
MUGILIDAE.
Mugil cephalus Linnaeus, 70=-200 mm, x
ﬁgaa ramada (R18s0). 726-263 mm, X
APTHERINIDAE,
Atherina brevigeps uvier. I9-860 mm, x
GOBIIDAE. 0
Psam :oblus kn naensis Smith. 22-556 mm, b 4
Goblus nudiceps uuvier, 42-113 mm . x

Fish netted in Milnerton Lagoon

during I90 and I96I.
Aseesessabundant,
CecosvsoCOmmon,
ReaosseeslArea.
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The three speclea, Atherina breviceps, Gllchristella

sestuarius, and Psammogoblus knysnaensis that have been

considered as belng the "estuarine element™ in he fauna

at rmanus Lagoon are all common at ‘ton. R.tricusp-
idens, which was thought perhaps to favour estuarles more
than the shore, ls found very occasionally, beilng at the
extreme end of its range. The "marine element" accounts for
the remalning seven specles, and includes the three species
that are most abundant in the lagoon, Llza ramada, Litho~-

gnathus 1it! iathus, and kMugil cephalus.

In considering jlative abundance it must be mentloned

that larger and faster fish such as Pomatomus saltator

might be eacaping the net, and present in greater numbers
than ahbwn, and that « r fish inhablting water deeper than
wading depth not he netted.

A noticeabl feature of the fish fauna at Milnerton
Lagoon was that the ms o>rity of R.globiceps, L.lithognathus,
Liza ramada, and Mugil) cephalus were extremely small in size,.
Reglobliceps usually averaged about 60 mm., a size rarely

netted at Hermanus. Hundreds of Mugil cephalus, Liza ramada,

and Lithognathus lthognathus averaging about I00 mm., or

less were caught. Average lengths for the latter two speoles
at Hermanus are more usually about 200 mm.

This may in part be due to netting, but 1t 1s safe to
say that in generasl the average sise of H.globiceps, Litho-

gnathus lithognai us, and Liza remsads 1s much amaller at
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81: 1tly deeper 1 en washed | wavesa from the surf. In
Febm the moul had been closed for nearly a month, and
the mode (B) shows considerable movement., Continued migret-
ion out of vie r the larger fish would keep the modes
stationary, and they would only reflect the normal growth of
the fish when the mouth was closed and prevented such a
migration,

0f the two possibilities that of "mesh-se! stion"
Seems the most feaslible, for the modes are definitely near
(1f not at) the end of the netting range of the large seilne,
At Mllnerton, howe' », lack of mode movement can again be
seen to coincide with the open state of the mouth,(see p. )
I do not belleve that a definite conelusion can be reached
with the evidence avallable,

11. Appears--e and dissppearance of modes. The mouth
of the Lagoon was opened in October, and the sample taken
some time after the opening shows a different frequency
distribution from former months. Mode (A) of May, August,
and September seems to have almost dlsappeared, and a new
size group, which has been labelled mode (B) has appeared.
From this 1t seems that the larger fish of about I30 - I50mm
have migrated out of the vliei, and a smaller popul :ion has
entered, of an average slze of about 80 mm., or less 1if
netting error 1s effecting the mode. All those fish that
had been trapped in the vlel during the time 1t was closed
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and have reached a alige of about I30 mm, seem to have a
preference for the aea, perhaps related to thelr state of
maturity, A migration ) 1 1s occurring every time the
mouth opened would ¢ jlain the absence of large R.globiceps
in the lagoon.

A new mode se s .t0o be appearing in the sample of
March I96I, It ssems probable that this mode represents a
size group that 1s just reaching the netting range of the
Large Selne, and hich before has been missed in the nettings,
B the few fish of the mode (X) in January and February
netted in the Drag Net may belong to this size group.

‘The mode (B) 18 not represented in the catch of May
19861 except by a few fish. The vlel at this time had been
fillled with water from exceptionally heavy ralns, and must
have had a very much lowered salinity. The water was dark
coloured from dissolved organlc matter brought down by the
rivers. It has been suggested that water of higher salinity
might have sunk to the deeper parts of the lagoon, and the
fish of mode (Bi might have moved to these deeper parts and
been out of range of the netting., The fsct that the smaller
fish of mode (C) did not move although the larger fish did 1is
in accordance with the diff-rence in preference of the larger
and smaller size groups when the mouth opensd in October.

The mouth of the lagoon was opened in early June, and

the June and July samples contain no R.globiceps at all.

The fish seemed to have migrated from the lagoon because of
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the conditlions prevalling then; low salinity (about 20 parts
per thousand), low temperature (about { ° Ce.).and high
turbidity.

b) Length~Frequency Distribution in Milnerton Lagoon.

Catches of R.globlceps were much more varlable at
Milnerton Lagoon { n at Hermanus, so the length-frequency
raphs are not so complete. (See Fig,I0).

1. Movement of modes. DBetween the October and the

December samples t] re 1s agaln no mode movement seen, It
is difficult to say whether thia 1s due to netting error,
or some other cause, as at Hermanus, The mode 1s approach=-
ing the lower 1] i of the netting range of the Small Seine,
for few fish of any sort below 40 mm, are ca: ht with this
net, As at Hermanus, howsver, the lack of movement 1s found
when the mouth 18 ¢ en, and as soon as 1t closes mode move-
ment 1s again seen. It 1s therefore possible that as the
>pulation grows the larger fish are continually leaving the
vlel (and perhaps small ones entering it), and keeping the
mode conatant, If this 1s so, outward migration 1s taking
place at a smaller silze than at Hermanus (about 60-7C mm,
as opposed to the I30-I50 mm, at Hermanus)., The firat three
samples (April, June, August IS50), and the last three
samples (April, May, June I95I), were so small that no clear
peaks are shown in the grapha, and little can be draﬁn from

them,
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and transparent banding. The otoliths of 66 Regloblceps
from Hermanus Lago nd Kalk Bay line boats y examined.
The otoliths of all fiesh had opaque centres, The Hermanus
fish ususlly had clear rings, but the Kalk Bay fish, which
were larger, the rin; corowded toward the periphery and
the transparent bands usually very narrow.

. In previous work done on age : i1ding by otoliths
some authors (for instance Roux 1947 on the Cape stockfish)
have just assumed the annual nature of the rings. In all
those cases where the valldity of this has been tested
(Menon I950 on the poor cod, Hickling I933 on the hake,Jones
and Hynes I860 on the stickleback, among others) 1t has been
found to holde The commonest me!{ >3 of tesating 1s to
a ertaln from periodic samples the seasons at which each
type of band is laid down,

Hickling (fr« Jones and Hynes I950) has found that in
the hake the light and dark bands are due to "alternating
layers of thick and thin organic lamellae embedded between
radially arranged inorganic orystalline material®, Why this
change 1n the thickness of the lamellae occurs 1s not known,
The majority of workers have found that the transparent
ring is formed in winter, and the opaque band 1in summer,
but thils does not seem to be an invariable rule and may vary

with the specles of fish studled (Jc »s & 4 Hynes I960).
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4
occurrence given in Table IX, and there is almost a total
lack of bivalves and gasteropods. Filamentous algae,
Chironomid larvae, and copepods were the most important foods
being found consistently throughout the period of study.
The majority of the other foods were spasmodically import-
ant.

Change of food with increased size of fish was found
ss at Hermanus,{see Table X), The smaller fish fed mainly
on filamentous algae, copepods and insect larvae, agaln
partly planktonic and partly attached foods. Insect larvae,
(mainly Chironomids), and filamentows lagae remained
important foods in the larger fish, but many more items
were added to the diet. Isopods such as Eurydios longi=-
cornis, and the Juveniles of the mussel Mytilus meridio-
nalis were eaten above 40 mm,, and over 70 mm. Hymenosoma

orbiculare and the Potamogetonaceae seed were found. As

at Hermanus only fish over I00 mm. took Calllanassa kraussi.

Little can be deduced from the monthly comparisons
of each food organism,(see Flg.I3). Apart from filamentous
algae, chironomids and isopods, and copepods, which are
fairly regular elements of the fishes' diet, the fish seem
to feed on anything that occurs in abundance at any time.
In May I95I, when the mouth was open, a fall of the spat of

Mytilus meridionalis sesms to have occurred eand the flsh

have eaten a great deal of 1t, although it was not found
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before or after this month., Syrphid larvae also seem to
have besn abundsnt in only a few months of the ysar, and in
‘these months they are found in many of the fish in the
samples, Ostracods, which were only found in stomachs fronm
Pebruary to June I95I, were in 90% of stomacha in the June
samples Temporary increases in the populations of any

food specles seem to be utilised by the fish, again pointing
to the fact that the flah will In general feed on the most

ebundant avalleble organisms.

iv. Feeding of R.globiceps at Breede River Estuary.
A sample of 44 R.globlceps was obtained from the

Breede River Estuary in July 1981, netted by the same nets
used at Hermenus and Milnerton Lagoons (page 9.). Thls
sample showed that feeding was very similar to that at Her-
manus Lagoon. The flsh ranged from 30-I24 mm., and the
most 1mportant food orgsnlisms weret=

Bivalves {Oval bivalve with radiating brown
stripes, being identified).

Enteromorpha sp.

?Ulva _8p.
Sphaeromid Isopods (incl. Exosphaeroma spe)}

Zoatara marina,.

Leander pacificus, polychaetes, amphipods, copepods, and

Pish scales and vertebrane were also found,
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'vo Peeding of Reglobiceps from Sen Samples. ‘
68 specimens of R,globiceps were obtained from

the seas Unllke the estuarine fish, where the percentage
of fish with nothing in the intestinal tract was negligible,
9 out of 58 fish had both stomach and intestihe?empty, or
sontained only bait.

The only record of the feeding of marine R.gzlobiceps

is that of Biden (1930), who mentions that M

t 11 us

and Mybilus meridionalls, and polychaete worms are importe
ant foods, ‘

| Table XI, lists the food organismg found in the fish
fpom different pluaces. Amphipods were by far the commonest
foo&,_being found in abundasnce in Kalk Bay and West Coast
fish. Bivalves wefe also important. Six fish caught by
Mr.Reed when angling at Miller's Point were packed with
._ Mytilus perna; and many fish caught by other anglers at the

| séma time also contained these musselss Small white blvalve
fragments were also found in fallk Bay fish, and & small
brown bivalve was present in a sample of three fish from
Cape Infanta. Crab reméihs were found in a few stomachs,
and the other organisms listed in Table XI., were present
in ons 6? two fish,

No change of food with .size, or with season could be
obtained from the data.

in conclﬁsion it can be gtated thatia-

a) Amphipods and bivalves are important foods, b) éstraeods,



igopods, crabs, echinoilds, barnacles, and fish are also
taken, and ¢)vegetable remains are seldom found. The fish
are bottom feeders, as all the organisms found, including
‘the amphipods and the fish, live on the bottom. The strong
incisors and molars must be used to break barnacles and

bivalves from the rocks and crnsh them.

vi. Conclusions on Feeding Habits,

The estuaries studied act as "nurseries" to
R.globiceps up to about I50 mm. In the estuaries the fish
are both vegetable and animal feeders. F[Filamentous algae
such as Enteromorpha sp. are an exbremely important food,

and Zostera marina and Ruppia marltima are also cropped.

The flsh’prey on the majority of small weed and bottom
dwelling crustaceans, polychaetes, molluscs and insect
larvae.

The smallest fish found (20-40 mm.) 2re partially
planktoni# feeders, but also eat algac and small weed
dwell ing animals. With increase of size of mouth, strength
6f incisors and molaég; and speed of movement, more animals
becbme available to the fish and up %o about I00 mm. they
feaed on a wide vaprlety of small-animals, but not to any
great extent on hard shelled molluscs. Planktonic animals
’gre not eaten much at this stage, and the fish have become
bottom feeders. In fish over I00 mm. hard shelled gastero-

pods and bivalves becomé important foods, and large animals
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Table XI. -
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No.Flsh.

Place and Date. Size. Foods.
Kelk Bay Line  I28 mme .  Amphipods ° .. 41,
Boats. =300 mm, Barnacle shells.
Summer and Aut- Bivalve remains.
umn I951, Sand.
‘ Ostracods,
- Crab remains. :
’ ; Chorisochismus dentex. .
. Cape Iﬁfanta. 260 mme Crab remains; | 3
Trawled 36 fath. : ‘Bivalves.
July I960, Polychaete WOPnS .
Cape Infanta I28 mm. Crusheéd Echinold. 26
Trawied 35 fath, =203 mm, Amphipods.
July 1951, Crab loge.
Miller's Point, Mytilus perns. 6o
Cape Peninsula. : o -
Angling by Mr.
Reed, May I95I. )
Buffels River 300 mm. Amphipods, including G
outh. Wes ~350 mm, ale Saldanha Chilton.
.- Coast, Angling Paridotea sp.
by Mr.Guy Blue compound Ascidian.
Currie,July '51. Ulva 1like thallus '
: range sSponge.
68.

Fopd organisms found in

 Bugloblceps

from samples

rom the shors to 36 fathoms.

o i -2y G N g i U Y
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such as the crab gymenosoma‘orbiculare.énd the "prawm"
Callianassa kraussi are also eaton.-

F;sh in the estuaries seem to.take the most abundant:
available organism as a genéfallrule._ :

- Ko major food cycles exist in the estuaries, but less

food may be eaten in the colder months.,.

:R.globicegs of IB0 mme - 360 mm. from sea samplss
~ show a difference in feeding from estuarine fish. The fish
are éarnivorOus'bottom feeders eating no vegetable matberQ
Amphipods'were_fouhd to‘be the commonest food, which seems
a strange diet for a fish with such powerful tecth. Bivalves
- were also much eaten, as well as a number of. bottom living

animals such as crabs, barnacles, and schinoids.

e) Spawning and Sexusl Maturity of R.

R.globiceps lays floating eggs that give rise to a
pelagic larva,{Gilchrist I904). Spawning probably takes
place close inshore, for fertilised eggs have béen.pumped
into the 0ld St.James aquarium through the water inlet, |
(Bideh I1930), Not much is known about the spawning aeason,
but Gilchrist (oPOcit ) states that an abundanca of ripe
males and fomales can bs obtained from trawlers in November
end Decembor, and he performed successful fertilisation
expoeriments with the eggs and épefm of these fish, Biden

(op;cit) mentions that very'enlarged‘yeilow ovaries can
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be found throughout the year in fish caught by Kalk Bay
line boats. _ | ) |

In December IQSOIit was decided not, to restrict the
recofdsVOf R.glcbicegs to estuarine fish, and from this
date ﬁhtil'Augﬁst I951 the gonads of'fish bought from
Kalk Bay line boats were axamined; Although gonads that
were very yellow and had rounded eggs were fouhd in Dacember
January and February, the only fish that had fully ripe
eges (laége,1roﬁnd, and perfectly transparént with a central
01l globuie) were taken in Ahgust;- The eggs wereo véry
" similsr to the description of .Gllchrist (I904), but meas-
ured about I,06 mm, across. Gilchrist measured 50 eggs
'frpm one femsle, and found them to be 0.85 mm, - 0.88 mu,
Whether the egg dlameter ﬁay véfy‘with different fish or
‘the ripe fomals in Avgust nad abnormally lafge eggs 1s
impossible to determine without more data.

- Eggs seem %0 go'through"threé stages during their
‘developmentis They'are‘at fipvat traﬁséarent, closely packed,
‘and of differenﬁ'éhapes,‘dependenffon hoﬁ;thay are pressed
by neighbouring eggsy later they become granular, yellow,
‘and more roundeds finally the egg ready for shedding has
again become transparent and is very rounded.énd soft, with
one clear oil globule in the centre.

. The gonad'weights and the diameters of the ova were -

recorded from R.globlceps from Hermanus and Milnerton



The

estuaries and Kalk Bay., Tabls XII. gives the average

egg dlameters for 20 mm. @ize groups.

Table XiX.

- Size G‘rougsa Average Egg Diameter.
60-79..;....”....o.......”.NHO 04
80“99000..-9-4.ea-0¢-.n-oo.-aaoaO.O‘g

IOO‘IIQ»:.@Qcaonn-c-oo-n..-a...nco 06
,120-159.'-.....«....a.....-....uaOQOB
'140-1590..-..-......-.............0 09
.IGO'.I'?gcaooa.oooo--o.cuu-ao.-t;a-. -
‘180--199..".“....»....u-......-.o 08 7
200-219.....o...-..........a.a¢..0.07
220‘2390.'0"u'itnoto‘oco.ddct‘.b0.6
,240-%9;:...;.....a-.‘.a._...;‘.eo-ﬁa
260-279.-.--“”..@:-..........o.aoo 6
»280‘299.%!au-ocnooucogno-o-.e:qtoO.I
,300"’3196060¢.n¢nocan10-oonu--accc -
320”559--0‘0.-'-ooo'n-cuceaqaouca-0.5

Average dlaméter of ova of R.globiceps
from Hermanus and Milnerton Estuaries
and sea f{ish from Kalk Bay, for
different silzZe groups.

All measurements in mm. -

N

Fish below 60 mm., had gonads that were fine threads.
At abpﬁﬁ 220 mm. the average egg diameter increases by
nine times. All the estuarine fish were found to have
gonads of small size, the females having a maximumvégg
diameter of 0.I2 ﬁm. They were all immaturs, |

Fish of up to 180 mm, had ovafies that weighed at
most 1.7 gms., but 200 mm. fish had gonads up to 8.0 gms,

At 240 mm, some fish had tremendously enlarged gonads, one
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female of this slze having an ovary of 4I gms, The
condition of maturity and ripeness in males is 4difficult
to determine, but the first male to be described as "faintly
milky“Awas 275 mm. |

It can be seen then that both egg dliameters and
ovary welghts show a sudden increase at about 200 mnm.

The ratio of males to fomales is difficult to deter-
mine among the Juvenile fish in the estuaries, for there
1s 1ittle difference tc be seen between females with very
undéveloped gonads and immature mmles, There are definitely
more females than males, however. The ratio from the
Kalk Bay samples was approximately 2:I females to males.
Biden (I930) mentlons that ratlos of I0:I and 20:1 femsales

to males are commen in large shoals of R.globiceps

Conclusion:
- Rl.globiceps seem to mature at a silze of Just

over 200 mme, when they are at the end of their second or
beginning of their third year.

The oﬁly completely ripe fish are known from Auvgust,
November and December, so the breeding season probably is
| in spring and early summer, The fact that enlarged and
yollow ovaries are found at other times of year may pbint
to a longer and less definite breeding periocd. A spring
breeding season would fit in well with the (A) and (B) size

groups in Hermanus vlel (Fig.9)}, If mode (A) fish had been
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spawned in the spring of 1947 they wéuld have reached
about 140 mm. in roughly two years, This would give a
growth rate of about 70 mm. per year, which is very similar
to the estimated growth rates (page 5I). They would be
expacted to show two winter rings on the otoliths. Two
transparent rings are found on tha‘atbliths of moée (a)
fish., If mode (B) fish had been spswned in the spring of
1948 they would have reached about 80 mm. in one year. A
slightly faster growth rate could be expected in smaller
fishe They would be expected to show one winter ring on
their btolithsa Ons transparent ring is found,

The fish do not breed in estuaries, but probably
spawn fairly near the shors. The eggs are pelagic, and give

rise tc‘a pelagic larva.

£) Paragitism in R.globiceps.

A Trematode and some small Nematode parasites were
found in the gut of R.globiceps from both Hermanus and
Milnerton Lagoons, an Acanthocephalan parasite was found
in Hermanus Lagoon fish only, and no parasites were found
in sea fish. |

3% and 2% of Hermanus end Milnertcen fish respectively
were parasitised by small nematodes. The fish were never
heavily pérasitiéad, usually only one or two nematodes
being present, and fish containiﬁg them seomed to be Iin

excellent condition.
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The trematode found was & small parasite of about
'3 mm. long, found in the Intestine. It was firat seen

at Hermsnus snd Milnerton only after the mouths had besn

opened after the winter ralns of I950. The new populations

entering ths vleis after they were connected to the sea
were parasitlsed, although the populations which had been
present did not sesem to have been. It is interesting to
note that at both lagoons the percentage infection was at
first high ( 35% at Hermanus, 404 at Milnerton); but
rapidly decreased in both lagoons over a period of about
three months, and after this was found only occasionally.

The acanthocephalan parasite, with s body of sbout
5 mm. and a proboscis of about 2 M., Was attached to the
roctum just inslde the anus. Usually only two or thres
fish were present, but up to I2 were found. About 20% of
Hermanus fish were parasitlsed.

Tione of the parasites found were ever present in very
large numbers, and in no cases werse %the parasitised fish '

in poor condition.
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6o . NOTES ON RHABDOSARGUS TRICUSPIDENS.

Retricuspldens is the commonest specles of the genus
in estuaries from approximately Enysna to Durban, being
replaced by Re.globiceps and R.sarba westward and noith—
ward respectively. 62 fish were studied from Hermanus
Lagoon (netted in small numbers from May I950 to March
I956I), and 76 fish from Durban Bay (taken during two visits
to Durban in July I9560 and January I95I). Smaller
semples were obtalned from different estuaries along the
coast (page 9). The whole alimentary canal was studied
in fish from Hermanus, but in all other samples only the

stomach was opened.

a) Feeding, . : .
At Hermanus Lagoon the feedling of R.tricuspldens was
very almilar to that of R.globiceps. Table XIII, lists the

food organisms found in R.tricusgidens at Hermanus in order
of relative abundance. Filamentous algae were the commonest

food, and neatly bitten off pleces of Zostera marina were

often found. The most important animal foods were the

gasteropod Assiminea 8p. and the bivalve Modiola capensis.

Only large fish were netted in the lagoon at Hermenus (II2-
260 mm.), and if thelr dlet is compared to that of the
larger R.globiceps (Fig. VIII.) 1t is found to be strikingly -

simllar,.
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Table XiII,

Filamentous Algae. (mainly Enteromorgha ap.).,.......«...ag?
ASSiminﬁa sg..‘.a.aw.gl.‘.itg -pp--l-itii..a.aanucatpsoaécoss0

08332’& mal? namn.‘ne--.opc.qno.tuon«nluoo.lnnaoo.-osnaonso%

‘‘‘‘‘

Amphipods (Corophinm triaeaoqg“ and Melita zeglanica)...IB%
Sphaeromid Téepodg.....ao.........,..............n......II%

Hgm@nosoma Orbic‘llareba-aoo.ooeo.ivcantceoocau-.oaaan.oaos%

Gmss a’eeds.taniconuouoalhﬁnnceu'noo..aa-co.-o-c-nnnoooa.
Syrphid lax‘vae'ﬂ..'.illl.udo...DG'O‘.IDQICti.l..O...Gﬂﬂﬂbéz%
Chironomid larVaa..c.,o................,.....,...........2%

P@sid‘.."Q.‘..‘Q‘...BO..‘.......-OB-‘DI....I‘..‘.“.G.‘Q.'.?

Unidentified crustacesn remains..........................2%
Unidentifled bivalve Pemainsnou.-....e-....oa....a..-‘.--

Organisms found in R.tricuspidens from
Hermanus Lagocn. The percentage occurrence
of oach food item is given,

. N .

Ro change of diet with season wésraeen at Hermanus
Lagoon, and as only large fish were netted change of food

organisms with size could not be observed.

The feeding ofﬁﬁ,tricQSQidansAin‘Durban Bay was also

esasentially the same. Enteromorpha sSp. and other»filamentQ

ous algae form the commonest. food, and gasteropods (Assl-

minea,sg. and Naasagiua,krausslanal, bivalves (Loripes sp.,

and Modiola capensis), crabs (Hymenosoma orbiculars), and

the burrowing Upogebia sp. and Calllanassa kraussi were also
important.,
The percentage occurrence of the different types

of food organisms from all the fish recorded is given in
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Table X1V.

Filamentous Algae...........................20%
ZOBtBI‘B marina--.-ao---o.--.o--.-.-..--.--1016/0
Hard ﬁhelled biValves...................-...14%
Hard shellod gasteropOdSescicciscececcaceceeeaBP
C!’GbS-......-..............-..............-..B,a
Calliannssn KrausSSleecececececceccnssccaceasebP
Copepods.lDl..............‘l.l...D..IO..l..lis%
ergebia Sp......l.l...l‘.'.'...-..'..-.I.I..s%
Amphipods...................-.....--...-......2‘%
mva ﬂp..--..’l...l.-....-.l...'.l.......Q...
Solen capensis (usually siphons only)........z%
Polychaeto WOrMSeeeeassecscosscossacnccicessnlh
?Leander paclifiCUBccccececccsccscccccnssansaesald
Tnsect 1arVae................................I%

Unidentifled crustacean remaina..............z%
Fish with empty stomachS..ecieceessaciocneesa 295

Percentage occurrence of food organisms
found in 2I3 R.tricuspidens from seven
estuarles between Breede River Mouth
and Lake St.Lusla., Only organisms in
the stomachs have been considered.

e e A T G G e D S A G B D e S S D G D A T I D G —

Table XIV, (excluding Hermanus fish), the low percentages
being dus to the fact that only the stomachs of the fish were
opened. |

In all the estuaries from which samples have been
obtained feeding seems to bs much the same., Algae and
usually Zostera are the most important vegetable foods,
bivalvés and gasteropods are the most important animal
foods, and crabs and other crustaceans are also preyed on.
In the different estuarles the spescies which comprise the

dlet may be different, however. At Hermanus, for instance,



8I.

Table XV.

Size Groups (1in mm.)
20-39 40-889 T0-99 1I00-I49 I50-I99 200-249,

Copepods.... 4I% 5<%

Fil, Algae.. 465  657% 7% 23 57% 56%
AriphipodSa... 9% 5% 2% 3% 6% 374
Ulva Spesees 6% 10% 3%
Z0s5tOrfcsces 5% 22% 20% 43% 50%
Insect larv, 2% 1% 4%
Polychaets.. 29 29 2,
Sphaeromids. 29, 6% 127
Calllanassa. 1% 6% 4% 6%
CrabSesssces ' 8% 7% - 8% 19%
Gastropods.. B% 21% 45% I2%
Bivalves.... 8% I6% 37% 50%
Upogebife... 5% 2%
No. Fish: 22 21 64 103 49 16,

Change of food organisms with size 1in
R.tricuspldens. The number of times an
organism is found in each size group 1s
exprossed as r percentage of the total
number of fish 1in that group.
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b) Spawning and Sexual Maturity of R.tricuspidens,

The only refarence to the spawning of R.tricuspidens

is madse by Smith (1949),'who states that it breeds in
ostuaries, This‘is based on the fact that very small fish
are found in estuaries (Smith, personal communication),
and it seems possible that these fish might enter the
estuariés when gtill extremely small, perhaps still as
peiagie larvae, |

No R.fricuspldens from any estuary have been found in
" a completely ripe atéte;v At Hermanus six females netted
in May I950 had swollen and yellow ovaries, and rounded
 opaque eggs., No ripe males were found at the same timo. |
A statement based on this one record ccnceéning the breeding
season would have no value, however.

Females sesm to mature at about 200 mm. Fish below
this size had ovaries with a maximum weight of 0,87 gms.,
and egeg diameters of up to 0.22 mm. At 2I0 mm; fish were
found with yellow enlarged ovaries (4.8 gm.) and eggs were
opaque and had diamcters of 0.46 mm. The gonad weights
and the egg diameters show a;suﬂdenvinﬂfaaae, and although
the fish wereAnot ripé they were approachinglit.

Fo ripe males were found. |

 . c),PaféSiiism,in R.tricuspidens.

Hormanus R.tricuspidens were found to be parasitised
with the same Acanthocephalan parasite attached to the

‘rectum as was found in R.globiceps, These parasites, about
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one to five usually being present in a fish, were found
in 16% of Hermanus R.tricuspidens, |

Swmall nematodes were found in one fish from the
Bushman's River Mouth, and ih one fish from Hermanus.

Gut parasites are therefore extramaly few.in numbgr,

and no fish seemed to be in bad e¢onditlon through parasitism.

7o NOTES ON RHABDOSARGUS SARBA.

One winter and one summer sample of R.sarba (89 and
69 fish respectively) were obtalned from Durban Bay, and a
small number from Lake St.,Lucia and Richard's Bay. In

food investigation only the stomach was opened.

a) Feeding,
| Table XVI, gives the relative importance of the foods

found in all Durban fish. Bivalves (Loripes sp., Modiola

capensis, and an unidentified triangular speckled bilvalvs)
‘were the commonest food organisms present in the stomacha.

Gasteropods (Assiminea 8p.,Natica sp., and Nassarius kraus-

siana), and the crsb Hymenosoma orbiculare were also common-

ly found, and a small percentage of stomachs contalned
crustaceans such as Penasid prawns and isopods, polychaetes

and chewed Balanus amphitrite. The fish were almost entirely
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Table XVI.

Bivalves (Loripes sp.,Modiola capensis,
triangular SpecKled)sescesssessoessse28?

Gasteropods (Assiminea sp.,Natica sp.,

Nassarius kraussIanai...........I4¢
Crabs (HYmenosSoma OPDLCULATG Jecsseecscsscssssss dD
Prawns (Penaeus japonicus ......................3%

Copepods'............'............--....‘........5’0
Filamentous Algae (including Enteromorpha sp.)..3%
Balanus amghitrite..............................Iﬂ
olyc ate mrms‘.'...'.............'..."’.III.I%
éo_stem marina....‘..‘-.‘-..’.‘..........I..-....I%
Ulva sp......‘ll.l.'la...‘....l..'...'."..n..-.. /

cllianassa kraussl.‘...l'.....l.......’.......‘I%

Mys d.........‘..'......‘l'.....'..........‘..l..I‘

Isopod..........'..‘.'...l‘...-...‘.ll......‘....Io

Fish with ompty StOMAChS..ccerecssceverascescss26h
The percentage occurrence of food
organisms of 158 R.sarba from

Durban Bay. Only the organisms in
stomachs have been consldered.

carnivorous, vegetable matter being found in very few stom-
achs, Fllamentous algee, which were of such lmportance

in R.globiceps and R.tricuspidens, were only present in 3%

of R.sarba.

No differences in feedlng between the wlnter and
summer samples from Durban were seen.

As in the other ﬁwo speciesvthere is a change in
food organisms with growth,{Table XVII), although the
records are too few to give a very accurate plcture. The

smallest fish contained amphipods snd copepods. Crabs and
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o Size Groups {in mm.)
'20-39 40-69 70-99 . 100-149. I150-I99 200249,

AmphipodSees B7% |

Crabs.esvess  I00% - 8% s 149 R
Prawns.....s 2% 4% 3%

- Zosteraiiies 3% o 1% ., .IQ% 7%

. Gastropods.. _ 17% 4% 7% 14%
BivolvesSeees 8% 219 z8% 204
File AlZeese &%

 Polychaetes. 2%

| Barnacles... | o %

Callisnassa. | | g
“Wo. Fioh: 6 i 1z ioa 29 id.

Changs of food orgenlsms with slge in
R.8arbn netted from Durban Bay, St.luclsa,
and kichard's Bay. The number of times
an organism is found in sach slge group
15 exprosped as a percentage of the total
nunber of fish in that group.

s il i s i " U
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prawns were first eaten at about 50 mm., and gastro-
pods and bivalves were taken by fish over 70 mm., Crabs,
gastropods, and bivalves remained important foods of all
slzes of fish above this. Only fish over I00 mm. seemed
capable of crushing barnacles.

Besarba seoms then to be almost entirely s carnivore,
the smgll fish below 40 mm, feeding on amphipods and |
copepods, and fish above this size taking various crusté-
ceans and molluscé. Bivalves, gastropods, and crabs form

the predominant fcods.

b) Spawning and Sexual maturity of R.sarba.

No ripe fish have been netted in any of the estuaries.
The ovaries and testes seem to be undeveloped and thin un-
t11 about 200 mn, At 216 mm. A male was found with thick-
oened and slightly milky testes, and also one at 230 mm,.,
and at 240 mm. a female was descrlibed as having an ovary
"glightly thickene’ and diffused with blood vessels". It
looks therefore as though the fish mature at about 200 mnm.
In Australla there seem to be confllicting opinlons
as to the breeding season of R.sarba. Munro (I945) thinks
that the fish breed over an extended winter season, but
ment ions Roughley in "The Fishea of Australia and their
Technology" to state that they spawn in eaily summer. The
estuarine fish netted in Natal do not elucidate the problem.

¢) Parasitism in R.8arba,

A tromatode paraslte which looks ldentical to that
found
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in Hermanus and Milnerton Lagoon R.globiceps was present
in the Intestine of four Durban R.sarba., No other parasites

of any type were found.

8. COMPARISON OF THE THREE SPECIES OF RHABDOSARGUS.

Retricuspidens and R.sarba seem to be restricted to

shallow coastal water and estuaries, and are not recorded
from trawlera. They do not seem to occur in vast shoals.
Both adults and juveniles are found in estuarles.
R.globlcepa, however, 1s found in abundance right
dowmn to 40 fathoms, often being present in huge shoals
around the Cape. As 1s typical for many marine animala,
the cold rich waters of the West Coast seem able to support
larger numbers than the sub-tropiosl Bast Coast. Only the
juveniles were found in estuaries, larger flsh migrating
out bafore they were mature. What causes thls preference
for the sea in larger fish is difficult to determine. Lack
of multable food does not seem to be the answer, for hard
ghelled mollusca which are an important part of the dlet
of larger fish are present in estuaries such as Hermanus
Lagoon and the Breede River Mouth. If food were the cause
of migration it does not seem likely that all the larger

fish would suddenly leave, as they did in Hermanus 1n
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October I9650. It looks as though some salinity, tempe
erature, or perhaps even pressure preference is changing
with the growth of the fish. Thers 1is no evidence of a
sudden change in the state of the gonads just before the
fish leave the estuary, but while the fish were growing
Inside the estuary the average gonad weight, and the
average egg dlameter in females, were steadily Increasing.
The migration may be connected to change in state of gonads.
The fish are not nearly ripe by the time they legve the
estuarles, however, the gonads of males being still thread-
like, and those of femalse being under I gm. in weight.

Fish of all three species are partially planktoniec
feeders in the young stages, and from the smallest fish
netted, about 25 mm,, to about 40 mm., feed mainly on
copepods, amphipods, and (excepting the carnivorous R.sarba)
filamentous algae.

Fish above 40 mm. become entirely bottom feoders,
but differences in feeding are seen between the three
specles,

R.tricuspidens, with the most chisel-like incisors,
takes vegetable and anima)l foods both as a juvenlla and
an adult in estuarles,

Re.globiceps, with more pointed incisors, feeds on
animal and vegetable foods as a juvenile in the estuariles,

but takes less Zostera than R.tricuspidens, which may be
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rolated to the inclsors of the latter facilitating the
biting~off of Zostera blades. Adult R.globiceps out at
goa have an almoot carnivorous diet.

R.sarba, also with rather pointed incisors, is
mainly carnivorous both as a juvenile and as an adult, in
the estuarles,

There seems then to be some relation between testh
and feeding. The‘ﬁwo apqciea with pointed inclsors foed
more on animals than does R,tricuspidens with its chisel-
like inclsors. Teeth do not fully explain the differences
in diet, however. Small R.globiceps 1n estuarles feed
to quite a large extent on fllamentous algae. R.sarba of
the same size, and with very similar teeth, do not, sven
though they must come across algae durlng their feoding.
As therse 1s no other structural differsnce that could
make filamentous algae not "avallable" to R.sarba 1t looks
as though 1ts avoidance of such food 1s due to soma innate
behaviour pattern.

There R.tricuspidens and R.globlceps occur together
in South Coast estuarieé they feed on the saome species of
animal and vegetable food., Similarly in those Natal

eatuaries in wvhich both R.tricuspidens and R.sarba are

found the same spocles of bivalves and gasteropods are
important in the diet of both fish, There must be some

competition for food organisms betwsen these pairs of
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specles.

9 CONCLUS IONS AND GENFRAL DISCUSSION.

Tho composition of the fish fauna. In a review of

estuarine conditions Day (I96I) has stated that an
estuarine fauna 1s mainly derived from the sea, with a

fow fresh-water forms at its upper reaches, and that

the number of species that is restricted to estuaries

is very umall; This has alao been shown specifically for
estuarine fish faunas by Hardenberg (I93I), Hartley (I940),
and Irvine (I947), This was found to be trus for the

fish faunas of Milnerton and Hermanus estuaries.

In the reglona of the two estuarles that were atui-
ied the fresh-water component 1s absent. Scott, Harrison,
and Macnae (in press) found one small fresh-water Silurid
in the upper reaches of Hermanus esatuary, however.

Only Psammogobius knysnsensls seems to be entirely
restricted to sstuaries (Smith I949), Gilchristella
aestuarius 1s also mainly estuarine, but is known to
exist occasionally in completely fresh water (Barnard
1947).

All the other specles mesent in both lagoons can

be considered as marine species tolerant of estuarine
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cenditiions. It 1s difficult %o say which of these are
freslﬂengjin the estusries throughout thelr lives, and -
which migrate to and from the estuaries. Possibly only

Clinus superciliosus, Gobius nudiceps, and Syngnathus

acus are marine species that reside thelr whole lives
in estuaries, .for they all seem to breed thers, By far
the majority of the larger fish are marine migrants. .

Typical of this catogory are Rhabdosargus globiceps,

‘ V 18y Hypacanthus smis, Pomatomus
| altatogh hnd Liﬁé-ramada. o |
Irvine {1947) in stuﬂyiﬂg tho . fish faunas of
Gold ccast estuaries and tamparary 1agoons found that
 the young of some apacies wers prasent although the
adults wors. net. 31milar1y at Hormanus and Milnerton

only the young of Lithognathus iithognathus, R.globiceps,

_and Pomatomus saltator were founds It seems as if the

young are mbrévtolerant of estuarine conditions.'

and their affect on

: ”_ysical and Gheminal conditions<,
- £ish distribution. R
Salinity: Most of the fish In the estuaries sesm to be
Bﬁﬁrenbly ouryhaling. ‘Afﬁmilnertén‘salinities were taken
by Millard and Sﬁott {in process of publication) at the
same time that'nettlngs wore made., Table XVIII. shows

the highént and lowent salinities at which the different
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Zable XVIII.

Salinity, = _Salinity.

1.8 S BIe
I.8 . 654
I8 B5.
Pgam  kny 1.8 61,
_ Rhabdosargus giobicegsA S Ime. 55,
Gilchristella éaatugriua, F@W.(Barn,i4?).lﬁz.
17.2 44,

Heteromycteris capensis

Athorina bravieeps 17.2 , 45.

Gobius nudiceps me BB,

Pomatomus gaitator - 85, 5T,

The highest and lowsst salinitiaes
in parts por thousand at which
the different specles of fish
wore netted at Milnerton Lagoon.
Salinities from Millard and

Scott, (in process of publication).

species of fish were netted at Milnérton. It ﬁustrbe
emphasized that thls does not represent the range which
each fish 1s capable of withstanding, and that becauss 80
few salinitios~a?§ émbed1ed ih‘thebtable a comparison

of the salinity ranges betweon species is not of much
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valus. The table ahows, however, that some apaeies are
oapable of standing graat variatian of salinity.
Bassindale (1945,citad by Day IQBI) streSSes that many
animals can withstand great sannm-.y changos 1f thess
are. made slowly, but that the rate of change of salinity
is important. Nc indlcation of what race of changa of
salinity the species of fiah can stand is given by the
data. and the- high sallnitias in Tabla XVIII. wero ‘
'raached slowly ac the lagoon was. evaporating while tha '
moubh was. ¢1oseds.

Temperature: The temperature variatlon over the year at
Hermanus 18 thought to be about from I2°% C, to 28° ¢,
AtzMi;nsftonvthe vgg;ation in tamperatura\at ths mouth
_during the time of study was'10°rcg,ﬁo'20° c.,'and at
‘Kihg Gsorge Fort I2° C, t0\27°g0t As not much variation
oceuré.iﬁ the fish fauna over thb yoar the fish must be
able to stand,%hese’temperaturé changes, |
Turbidity: mhaaturbidity‘of,ﬂefmanna.Lagvon‘is seldom
high. At Milnernon, however, the water is usually very
turbid at King George Fort, n Ssechi Disc often being
invisible at a few inches;’ ﬁhe mouth ﬁag,alao'be fairly
turbid, but turbidity 15 alwﬁys higher at the uppér than

the lower end of the estuary..

Distributioni Both at -Hormanus and Milnerton estuaries
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some species show differendes in occurrence between the

upper and the lower stations., At Milnerton R.globiceps

was common at the mouth, present at the Road Bridge, and

never found at King George Fort. Mugil cephalus was

rare at the mouth, but abundant at King Gsorgs Fort.

Both at Hermanus and_Milnertonaﬂeterom'cﬁeris,¢a ens1s

was reatrieted.to the sandy areas near the mouths. It

vwas firat thought that the distributlion was prelated to

salinity differenées between the upperfand'lowsr stations

in oeach estuary. At Hermanus a constant salinity grade- |

font has been found o oxist, but the gradlent at Milner-

ton 1s variable. ihen the mouth closes, and 1ittle

water flows into the estuary the salinity rises and

King George Fort bescomes more saline than the region near

the mouth, e.gs King George Fort 68,6, and mouth 49.56

parts per tho'usand. ' When the mouth is open the salinity

in the whole estuary falls, King George Fort salinity

going dovn as far as I.83, and ﬁhe\mouth varying from.

18,0 to 35,0 parts per thousand, but always besing lower

than King Geofge Fort, (figures from Millard and Scott,

in process of publication), The salinity gradient is at

times higher at the mouth, ad at athérs higher,a£ King

George Fort, but no change in distribution of the fish

is found to occur with the change in ﬁhe.aaliniﬁy gradient,
Other factors that might effect distribution are
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d) the state of the b@tﬁom, 6) the tﬁrbidity of'tha'
: W&téfj‘of'v‘C’ the‘diatribution’of food 6rganisms. The
. temperatures, specially when the mouth is closed, differ
enly slightly between the uyper and lowar stations at .
Milnerton, and prnbably 1638 at.Hermanus where theﬂwaber
is deeper. | : | | ‘

In the case of Hetero cteris ce ensis the restric-
} _ting'factor}is probably the state of the bottom, for it
'is foun& only-on fhe clean sand éroand the ﬁouth at béth
eatuariea, and not on the muddier bcttom of the uwpper
stations, A% Milnertcn it was noh netted even & I00
yards ﬁway from the mouth on - muday bottom.

The cawses of the distribution of R.globicops and

M ‘11~95 haluﬂ are more-difficﬁlt to determines Diste

ribution of food organisms does not offer a satisfactory

explanation in either case. Ra

loblceps is found at

the Road Bridge but not at King. Georfge Fort, bub the

fauna varies little if at all between the two places.

My il=pe_nalua.is mainly found in thé upper estuary

alﬁhoﬁgh-Lizaﬂgamada, fae@ing.on_the.gama dilatoms, 1s
present throughout the estuary. | ,

Turbldity might be an importéntifactdr in the case .
of R.globiceps, but probably more data would have to be.
obtained before a satisfactory explanation for ths
distribution of these two species could be obtalned.
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Probably not one factor but a combination of factors is
effécting distributionvof these species. | |
Sgawning‘in}estuaries. In spite of the prevalent opinion
of South African anglers and commercial fishermen few fish
aeém to breed in estuaries, Developing eggs wers found

in the brood pouchss of male "pipe fish", Syngnathus acus,
and in the uteri of the viviparous Clinus superciliosus. -

One Psammogoblus knysnaensis was described as having an

ovary that was "ripe running” at Milnerton when the

mouth was closed, and ripe (Goblus nudiceps have alsco besn

found In the Breede River Mouth. No ripe Gilchristella
goestuarius were among the few opened,'hub they probably
also breed in estuaries.
The only large fish seen with enlarged ovaries were

Liza ramada and R.tricuspidens. Neither of them were

completely ripe and 1t is possible that they migrate out

of estuaries to breed. Liza ramada is known to migrate

out of estuaries in quite considerabls numbers at times,
The majority of large fish, such es Lithognathus
lithognathus, Rhabdosargus globlceps, Pomatomus saltator,

and Hypacanthus amis, were never found with developed

ovaries or testes. What has besn found for R.,globiceps,
1.,0. that they migrate out of the estuvaries before they

are mature, may well apply tq these flsh.



Bionomics, In both Milnsrton and Hormanus estusries the
food cheins seem to be very simller. Groen food mattes is
taken by come aaimla' (‘-afuma of the eommon £ishes, and probe
ably alse v.ﬁsg.imine_é, £p, Bursatella Jeachiif, and Hemincoa

—

) fzfédens}ia) + but dotritus Jorived from the beds of Ruppia,

- Zostera (at Hormanus), and algae support e large inverte-
brate population on which the majority of fish foed. Mo
~ Ginitle and MacGinitie {(I949), and Day (I95I), both stross
the importancs of dotritus as a basic food in estuarioes.
~ Some of the common flshes are wholly or partially
herbivorous, such ag the mullets W and Liga
‘remags vhich gtnze on atteched diatoms, R.globlcops and
- Ruppia, and Enteromorpha,
3 2ithognathus which sometimos

ReSricuspldens which crop Zoste.

and to somo oxtont Lit
‘takes filamentous algao.

 The smol) carnivorous fishes swueh as Clinus super-
- giltosus, , , iyonaensis, snd Gobius nudicep
and the onmivomua Bagl0l ,
;t:hw feaé to a large axtont on detelitun

R.trinuﬁgidenn, and Lithoe-

fish population at Eemnua, and only the lattor at Bilnopre
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tons In both estuaries cormorants alea~£akevtheir toll
of small fish, »

Farmers from the surrounding districts do ﬁueh‘
netting in Hermanus Lagoon, using very large seinss, and

easch shoals ofgﬁ-globiceggw Lithognathus lithognathus,

and Liza famada. They must also help to reduce'the fish

population.

o TheAmain‘SQurces of?er?or in the work done Beem t0
iie\in sampling methods, If this work was continued many

‘more fish would be-caught, using aé many ﬁeta.as possible

in each estuary, to improve the 1engthpfrequaney distribut-

tv,ian data..
| The oounting of food organiams nhich took so much
time wauld be discontinued; and only tha occurrsnce of food
,organiéms'be noted. The aample of 30 fish for oponing ‘
~would be increased. say to 50 fish.‘ ‘ ’

Strsas would be 1aid on marine fish, and if possible
) 1ength frequency distribubion data obtalned from Kallk Bay
or trawler catches, |

No work on scales or suprawoecipital crosts would be
attemphed, but age reading by otoliths would be concentratgd

on, to obtaln more accurate 1nformation‘on age groups and
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rate of growkth.

it .

I have to thank Professor Day for continusd help P
and gutdance thrm:g;haﬁt the work; Mr., A, Harrison (M.5c.)
for identifiecation .af Crustaceans oend Insset larvaes
Mossra. 0. Currie and L. Reod for samples of ,fiah caught
by rod end line; Mr, Ion Williams of Hormanus for pubdlicising
the marking of fish 1in ﬁermanus Lagoon; and Messrs., Tunny
Eirvic (B.Sc.ong.), Richard Liversidge, and John Horgans
{B.AJhons. ) for help in nettiﬁg} and much useful criticism.

The Council for Sclentlfic and Induatrlal Ressarch.
kindly sﬁpplie& a rosearch grant which coversed exponses.
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