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ABST:-?.ACT 

The tolerances to sea water, soiiUQ chloride and 

sodium sulphate of various cichliu, cyprinid and 

anaban tid species which occur n~turally in or n~ar the 

Eastern Province r~gion of Southern -~frica, were de­

termined, and correlated with their distribution 

ranges . Of the nine freshwater species tested, onry 

1~1a~a mos~ambica is able to disperse through the sea 

and is therefore the only merub3r of the secondary di­

vision O"Iyers 1937) present in thi:..: region. The re­

maining species are possibly all limited to the use of 

freshwater links for dispersal between river systems. 

Death of fish in sea water and in sodium chloride is 

chiefly due to loss of osmotic control, but in solu­

tions of sodium sulphate a pronounced toxic effect is 

responsible for death . In all the solutions used , 

an inverse relation between survival time and concen­

tration is present . No evidence of any cells 

specialised for salt excretion was found in the gills 

of fish exposed to various salt concentrations. 



1 . INTRODUCTION 

In the study of South African freshwater fishes, 

sufficient information is now available on the systeiliatics 

to allow attention to be paid to the zoogeography of the 

various species . Many of the early travellers , like 

Andrew Smith and Burchell) provided the initial impetus 

for systematic vwrk , and furti1er descriptions of species 

were given by Cuvier and Valenciennes, Castelnau, Boulen­

ger, and Gilchrist and Thompson, and by the turn of the 

century a large number of species were known. Barnard 

(1943), Groenewald (1958), Jubb (1959, 1963) Gnd other 

authors have put the classification of the freshwater 

fishes of Southern Africa on a sound basis by careful re­

vision of various groups . 

Consequent on the careful systematic separation 

of valid species, it has been possible to study the dis­

tribution of these species and attempt a synthesis of the 

local fauna and its relations to the freshwater fish faunas 

of the neighbouring zoogeographical regions, the ConGO 

basin and East Africa . This work was initiated by Barnard 

(1943), but the most significant advances were made by 

Farquharson (1962), Jubb (1964), and Jubb and Farquharson 

(1965). Details of the distributions of individual 

species are also t;iven by GroenevJald (1958), du Plessis 

(1963), and Crass (196LJ-) as well as in Jubb (1965). 

According to the evidence presented by Jubb and 

Farquharson , the South African cyprinids, anabantids, 

clariids and bagrids not only show affinities with the 

Congo region, but appear to have utilised various fresh­

water links in their dispersal both into and within 

Southern Africa . On the other hand, at l east some of 

the South African cichlids have apparently used the sea 

as a dispersal route, although t hey also show affinities 
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with the Congo and ~ast Africa faunas like the other groups . 

These interpretations are based in the .first in­

stance on the distribution ranges which the various species 

exhibit at present. These conclusions on the dispersal 

routes followed are also supported by the hypothesis for­

mulated by Myers (1937), which states that fresh·~..; a ter fishes 

can be separated into at least two categories, as far as 

their distributionary possibilities are concerned. These 

are -

(a) the prim.g;y:_divisiQg which cadnot enter the sea under 

no£wal circums cances and therefore depend on various 

freshwater linl~, caused by physiosraphic changes , for 

dispersal, 

(b) the second~~viSi£Q which can enter the sea freely 

and can use it as a dispersal route therefore. 

Myers ' conclusions on the ability of various fresh­

water fishes to tolerate sea water or not, are based mainly 

on records of occurence in high salinities and on smne ex-­

perimental evidence of the tolerance of a few species . 

Experimental deterillination of the salinity tolerance of in­

dividual species and correl~tion of these r esults with t he 

distribution routes avail~ble to these species have been 

undertaken only by Renfro (1959) and Arwitage and Olund 

(1962). Further work on this aspect of the hypothesis is 

therefore urbently required, as has also been emphasised 

by Lwer in the discussion of Farquharson ' s (1962) paper , 

particularly wi th respect to the distribution of fish fauna 

in the rivers of the Eastern Cape. The present study is 

intended to close this Gap in our knowledGe by careful 

correlation of experimentally deterwined salinity tolerances 

with the distribution of a nu~ber of local freshwater fishes. 

An examination of the rol e of osmoregula tion in the tol eranc e 

of various speci e s towards different ionic environillents was 

also carried out , in addition to an exawination of the gill 

histology of an intol erant species. 
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_g~ITE?..ATURE 

For the purposes of the present study, the Eastern 

Province region is arbitrarily lilliited to all the river 

basins between and including the Buffalo River in the east 

and the Gamtoos basin on the western side . The escarpment, 

as defined by v!ellint;ton (1955), is taken as the northern 

boundary. All th0 ri V·3rs in t .. lis region flow in a general 

north to south direction and open in the Indian Ocean. The 

arrangement of the various rivers within the region is in­

dicated in figure 1 . 

Possible methods of distribution 

Two main dispersal methods arc of special importance 

in the distribution of freshwater fishes , and these are 

freshwater links and dispersal through the sea . Other 

possible methods, such as transpor t of fish eggs on birds 1 

legs and by wind,could also extend the distribution range 

of a species, but Jubb (1964b, and p~rsonal coillillunicat i on) 

thinks that they have not played any role in the dispersal 

of freshwater fish in Southern Africa . 

Freshwater links: Freshwater links, consisting mainly 

of river captures and coastal lreshwater lakes, are 

always the results of physiographic changes of varying 

magnitudes . 

Darlington (1957) and l"Iycrs (1963) consider river 

capture to be the most important type of fr~shw3ter 

link in the dispersal process . Amon3 the list of un-

doubted river captures known today , exaillples which are 

known to have assisted in the dispersal of fish are 

rare . Kuehne and Bailey (1961) have discussed the 

role of a v~ry small capture which enabled ~heosto~ 

sp . to reach the headstreams of the Ken tucky River 

from the Cumberland system . This capture involved 

two small str ea1ns ·which •Jere com1ected by the erodinc; 
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down of a watershed of only a few feet in height. Barnard 

(1943) has also discussed the role of river capture in the 

distribution of various cyprinids between the Berg and 

Breede systems. The river capture as suggested by him, 

occurred in the Tulbagh Kloof and allowed the dispersal of 

Barbus andrewi into the Breede syst em. Barnard (1943), 

Jubb (1965) and Gabie (1965) have all succested that a 

connection betvwen the Olifants and Oran::;e Hivers occurred 

in the vicinity of Verneukpan and was responsible for the 

entrance of Barbus capensis ancestors in the Olifants 

River. Very often, all 3eological evidonce of river cap-

tures has been obliterated and in t~1ese instances fish dis­

tributj.on patterns then provide the only indication that 

such a process has occurred . Bond (1964), for instance, 

postulates that such a link between the Zambesi and Limpopo 

Rivers occurred on the basis of gydrocyon distribut ion . 

Only a few instanc es of river captu~e, some very 

doubtful, are kno~l as yet from the Eastern Province . 

Schwartz (1926) has discussed a possible capt ure between 

the Great Fish and Kowie Rivers . ~ount~in (1962) has 

discussed a few small captures which all involved the 

Keiskamma and Buffalo syste~s . f1ountain (personal com-

munication) has further suggested t:wt a capture could have 

occurred between the Bushmans and Great Fi sh Rivers. 

~lliether these captures occurred recently enough (geologi­

cally speaking) to have allowed dispersal of the local 

species is not kno~~ . Sinc e river captures occur sooner 

or later in mos t river syst e~s, it is presumed that t hey 

also occurred between thos e river basins f or which no 

speci fic examples have yet b een described. The very 

soft strata of the Karroo Series which cover most of the 

Eastern Provinc e , and the folded beds of the Cape system 

near the coast, both provide favourable conditions for 
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captures , according to King (1964). 

Incipient river captures , consisting of the flooding 

of low watersheds , as proposed by Barnard (1943) and the 

sharing of common sources by different river systews , for 

example the Congo and Zarn.besi systews , or the Orane;e and 

Tu6ela systeffis, as discussed by de Beaufort (1951) , King 

(1964) , and Jubb (1965b) , could provide adequate fr eshwater 

links for the dispersal process . These links are often, 

however , accompanied by sev3re physical conditions, such 

as ·wat.;rf alls or oxygen deficient marshes, <-Jhich can limit 

the free dispersal of fish, as indicat ed by de Beaufort 

(1951 ) an d Darlington (1957). 

After a heavy rain, Jubb (personal corumunication) has 

observed individuals of !ilapi~spa~anii swimuling up a 

small stream of water in a footpath , and Farquharson (per­

sonal communication) has also noted larGe Clarias, Barbus 

trimaculatus, B. paludinosus and indi6eneous cyprinodonts 

svlimming up a stream of wa cer so SJJ.all that the large 

Clarias had the dorsal half of the body exposed to air . 

Under favourable conditions, very tenuous freshwater links 

would therefore allow dispersal, so that even small phy­

siographic chan3es could produce the desired effec t without 

leaving any geological evidence that a freshwater link had 

been established briefly. 

Farquharson (1962) and Crass (1964) both sus6est that 

freshwater links between adjacent river systems can also 

be brou6ht about by heav-J flooding i n conjunction with the 

presence of an extensive series of freshwater lakes on the 

coastal plain . In the Eastern Cape the coastal plain is 

so narrow that no such links could have been formed at all 

within recent geological history. 

Distribution th~ough the sea : Unlike the freshwater 

links , which can be used by all freshwater fishes, 
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dispersal through the sea is only possible for those 

groups of freshwater fish which can tolerate sea 

water . This difference in sea water tolerance be-

tween various freshwater fishes, was first clearly 

recog:1ised by I·Iyers (1937) and h·'3S been elaborated by 

Myers (1949 , 1951 and 1963) and by Darlington (1957) . 

At present a pri&ary or obligatory freshwater divi­

sion, a secondary division which can tolerate sea 

water for limited periods, and a peripheral divis ion 

which can tolerate sea water for indefinite per iods , 

are recognised (Darlington , 1957). 

Determination of salinity tolerance 

Evidence on the ability of freshwater fishes to to­

lerate sea water or various dilutions of sea water has 

been obtained in a number of ways . Of these the most 

i mportant ar e r ecords of actual occurrence of a species in 

various salinities and survival experiments . 

Actual occurrence of the fish in water of various 

sal inities: Such studies have b een undertaken by Chipman 

(1959) , Renfro (1960), Carpelan (1961), Ganapati (1964) 

and Keup and Bayless (1964) in estuar ies or in brine pol­

luted str eams and consist of a comparison of the numbers 

and species of fish collected at localities with different 

salinity l evels. Further information can be obtained for 

some species from incidental observations during studies 

of a general biological nature . Myers ' forillulation of 

the tolerance categories was mainly based on this type 

of evidence . The chief objection against the use of 

this evidence , is that the occurrence of a spec i es in any 

given salinity is a function of complex interacting en­

vironmental factors and chance, and does not depend on 

the salinity tolerance of the species alone (Pearse and 

Gunter, 1957) . The fish may therefore conceivably 
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tolerate higher salinity levels, than those they are re­

corded from . 

Survival experi~ents : Under car efully chosen con­

ditions the survival of fish in various salinities pro­

vides the best est imate of salinity tolerance . 

The most frequently used illethod consists of exposing 

a population of fish to Gradually increasing saliniti es 

and noting the concentration at which the last of them 

dies . Wiebe et al . (1934) , Renfro (1959), I'1ortimer 

(1960) and Sasaki and Ito (1961) have all used this method . 

A better measure of salinity toleranc e is an esti&ate of 

the concentration at which 5ryfo of the sample just survive, 

since a sample may include some individuals with exceptional 

tol erance whi ch would provide very high values with the 

former method . This concentration parameter, known as 

the median tol erance limit (TLm), is also very suitable 

for comparative purposes , since with the sillall samples 

normally used in this procedure , the midpoint of the sur­

vival curve is statistically the most accurate point and 

can be used to characterise the sample, because the sur­

vival values for the population can be expec ted to range 

about this estimate. Since any toxic agent also affects 

the length of survival of an animal , the median time of 

survival (MTS), which is an estimate of the exposur e time 

required to reduce survival to 5ryfo of a sample in any 

given concentration, is another useful measure of toxicity . 

The 5ryfo val ue is once again used since it i s statistically 

the ~ost rel iable estimate on the time- survival curve . 

For zoogeographical purposes the median time of survival 

is very useful , since long survival periods in high con­

c entrat ions or in undiluted sea water would allow disper­

sal through the sea , while shorter l engths of survival 

may be inadequate. Graphical esti~~tes of both the 
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TLm and the MTS can be obtained by the use of probit 

transformation methods , as developed by Bliss (1937) and 

Finney (1952), and will be used in the present study to 

indicate the concentrations a species will tolerate a4d 

the time it will survive in these concentrations . 

Evidence on the salinity tolerance of various freshwater 

fish~roups . 

Some evidence is available in the literature on the 

salinity tolerances of various wembers of the thr ee 

families which are represented in the Eastern Province . 

Cyprinids : From occurrence records most cyprinids 

appear to have a low salinity tolerance. Berg (1959) and 

Zenkevich (1957) have found various cyprinids in the 

Caspian Sea with an average salinity of 12 to 13%o (parts 

per thousand) . Anadromous cyprinids also occur in the 

Aral Sea with a salinity of l~bO according to Zenkevich 

(1957). They are also found in the Black Sea and the 

Sea of Azov, at a maximum salinity of 2~6o (Kosswig , 1955; 

Caspers, 1957; Slastenenko, 1959). The ionic proportions 

of the Aral and Black Sea waters differ somewhat from the 

noru1al sea 1vater proportions , in that sodium and chloride 

are more predominant. Keup and Bayless (1964) have found 

cyprinids in the Neuse River estuary in salinities up to 

4%o . In the Cooum Hi ver in Southern India, Ganapati 

(1964) has found Barbus ticto in polyhaline conditions 

(18 to 30 %o) and other Barbus and Rasbora species in 

lower salini ties. Renfro (1960) has reported a cyprinid 

from a salinity of 1 %o in the Aransas River, Texas . 

Tribolodon hakonensis is found in sea water although it 

does not breed there (Darlinbton, 1957; Myers, 1963 ) . 

Darlington (1957) also illentions another cyprinid which 

sometimes occur in the sea off British Columbia, Canada . 

Various exceptional cyprinids, with a suggested tolerance 
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of sea water , which belong to the genera Rasbora , Puntius 

and Nematalestes, occur on the more distant islands of the 

East Indian archipelago , and on IIindanao in the Philli pines 

(Myers, 1951) . 

Duval (1925, quoted in Black, 1957) has found that 

Cyprinus carpio can osmoregulate up to salinities of ll %o, 

but can live up to a level of lo/foo. In survival experi­

ments, Fora (1939) found that Carassius auratus can l i ve 

indefinitely in salinities up to 15·;oo . Her bert and Mann 

(1958) reported that Rutilus rutilus has a maximum 

tolerance of 6CP;& sea water (approximately 20 %o ) with a 

median survival time of less than 2 hours . Garrey (1916) 

has concluded t hat Notropis blennius can sur vive 2 to 5 

weeks in 35% sea water (about 12 %o) but only for 4 to 20 

hours in 40% sea water (about 14 %o) . Other Notropis 

species have been demonstrated to have a maximal tolerance 

of 12 %o of a sea salt solution (Renfro, 1959) . 

Cichlids: The cichlids are far more tolerant of high 

salinities than the cyprinids and on occasion t hey are 

actually found in the sea . IIyers (1949) has cited the 

example of a Tilapia that was caus ht in brack water and 

lived in sea water in an aquarium for 7 years . Aronson 

(1949) has indicated that Tilapia macrocephala inhabit 

brackish lagoons (salini ty unknown) in West Africa. El­

Zarka (1956) has found T. zilli in Lake Qarum at a salinity 

of 29 %o and also found that T. nilotica and ·r . p;alilea 

did not survive this salinity although they can l ive at 

slightly lower concentrations . Renfro (1960) has re­

ported specimens of Cichlasoma cyannoguttatum in a 

salinity of 17.4 %o . Crass (1964) ms found Tilapia 

mossambica in Lake St. Lucia where salinities in excess of 

that of sea water are reached on occasion , and calls it a 

" ..• rehlarkable adaptable species that can live i n both 
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fresh and saline v.rater ." Tilapia mossambica can complete 

its entire life cycle in sea water, as has been demonstra­

ted by Reid , To\msley and Ego (1959). Tilapia sparrmanii 

and T. melanopleura are less resistant of high salinities 

(0rass, 1964). 

The only survival experiments with cichlids have been 

undertaken by Mortimer (1960). 1ilapia mossambica and 

T. andersonii could tolerate higher concentrations of 

sodium chloride after gradual increases in salinity than 

T. melanopleura and T. macrochir could tolerate under 

similar conditions. 

Anabantids: Forselius (1957) has summarised the 

occurrence r ecords of various anabantids in waters of high 

salinity. Anabas testudineus thrive in brackish water 

according to Forselius, and Colisa fasc~ occur in the 

Ganges estuary. Macropodus_£££~ and ~_Qpercularis 

often occur in brackish water . Unfortunately Forselius 

does not give any salinity values for these conditions . 

From these references it must therefore be concluded 

that l.il.Ost cyprinids appear to have a low salinity tolerance 

while the anabantids are perhaps sli0htly more tolerant . 

Both groups , therefore , ~Ji th a few exceptions, are 

appar ently not suf ficiently tolerant to use the sea as a 

dispersal route . The cichlids are in seneral more 

tolerant and some, but not all, of them will be able to 

disperse through t he sea . But it is also clear that 

s alinity tolerance varies widely within all three families 

and the tolerance of any given species, such as our in­

digenous species, has to be determined experimentally as 

has been attempted in the present study. 

Osmoregulatory physiolo~. 

In the case of the Salmonidae and the Anguillidae 

intensive work has been done on osooregulatory processes 
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(Black, 1957, and Jullien et al., 1959), but in the case 

of Ostariophysi very l ittle is known. r-1ost of the 

studies sumillarised by the above two authors have dealt 

with the efficiency of the osmoregulatory processes in 

various species and under varying external salinity levels. 

This efficiency is usually expressed in terms of the os­

motic pressure of the blood and of the external environ­

ment. A useful estimate of both these osmotic pressures 

is provided by the use of the freezing-point depression 

technique. Since determinations of the freezing- point 

depression of various solutions can be made on very small 

volumes of fluid by the use of the Ramsay apparatus (de­

signed by Ramsay and Brown, 1955), it i s the method of 

choice in the study of fish osmoregulation. Determina­

tions of the osmotic pressures of fish serum after different 

salinity exposures have been made by Duval (1925, quoted in 

Black, 1957), Parry (1960, 1961), Gordon (1959) and other 

workers. 

In the case of cyprinids, Duval (1925, quoted in 

Black, 1957), has found that at an external salinity of 

ll %o, the freezing-point depression of carp blood starts 

increasing gradually above the freshwater level and this 

process continues till a salinity of 19 %o is reached 

where the osmotic pressure of the blood is vastly in­

creased and death occurs . I nitially t he blood is hyper­

osmotic to the environment, but from 11 %o upwards the 

blood becomes isosmotic to the envi ronment, unlike the 

blood of various euryhaline fishes, which become hypos ­

motic at these salinities and the fish therefore survive, 

since the osmotic pressure of the serum is not increased. 

Ernst (pers onal communication) has determined freezing­

point depr ess ions in Tila~ia mossambica from various so­

dium chloride concentrations and he has found that t he 
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freezing-point depression varied only slightly in all the 

concentrations tested up to the upper limit of 15 %o used 

by him, which is already hyperosmotic to the blood . This 

species can therefore be considered as an hyposmotic re­

gulator in high salt concentrations. 

The role of the gills in osmotic regulation 

Smith (1930) and Keys (1931) have demonstrated the 

extrarenal excretion of electrolytes , observed in eury­

haline fish in hyperosmotic media, to be localised in the 

cephalic portion of the body. In Anguilla Keys and 

Willmer (1932) and other later authors (reviewed in Straus, 

1963) have found specialised eosinophilic cells, situated 

on the gill filaments between the bases of the gill lamel­

lae, which they consider are responsible for the excretion 

of electrolytes. Morphologically these cells resemble 

other cells with a known ion-secretory activity, as noted 

by Ito (1961 ). According to most authors , the difference 

in structure between the cells of fish exposed to fresh 

water and those of fish exposed to sea water indicate thei+ 

involvement in t he processes of ionic regulation. Datta­

Munshi (1964) has, however, found typical 11 Sea water" cells 

in a strictly freshwat er species as well. Bevelander 

(1936), on the basis of his histological work, is of 

opinion that the entire gill epithelium has a salt- excre­

tory function and that no specialised cells occur in the 

gills for this purpose. The latest evidence has been 

summarised and reviewed by Doyle and Gorecki (1961) and 

by Straus (1963), from whose conclusions it is clear that 

morphological investigations will not solve this interes­

ting controversy on t he function of these specialised 

cells. Fleming and Kamemoto (1963) could not correlate 

increased secretory activity of the gills (as demonstrated 

by radioactive ions ) with histological changes of the 
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specialised c~lls, which only occurred some time after the 

peak of the secretory activity. 

As far as the families represented in the Eastern 

Province are concerned, Datta-Munshi (1964) has found these 

specialised cells in cyprinids from fresh water. Among 

the cichlids, such cells have been found in Tilq2ia macro­

cephala by Doyle and Gorecki (1961) , but no information is 

avail able for the anabantids . 

These specialised cells have been generally known as 

"chloride excretory" cells, but the term "S-cells" (short 

for specialised cells) as adopted by Doyle and Gorecki 

(1961) is preferred, since the former term implies a func ­

tion which has not yet been demonstrated conclusively. 
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Materials 

The origin of and oth~r details about the different 

species used in the present experiments are summarised in 

Table 1 . 

Except for Barbu.§_:..1o lu£!_, all the species were ob­

tained by illeans of electrofishing (the ~ethod of choice) 

or by nettin3, which often injured the fish. Immediately 

after capture the fish were transported to the laboratory 

in cans or in plastic bags . The sawe oet~ods of transport 

were used for B. holubi , Hhich survived a 800-mile train 

journey with hardly any casualties . On arrival in the 

laboratory , the fish were immediately transferred to clean 

v;ater of approximately the same temperature as that of the 

o.vater in 1.1hich the fish \vere transported . The fish were 

kept for at least two wee~:s before use in experimental work, 

to allow complete adjustment to laboratory conditions. 

Tank covers were provided during this period to prevent the 

fish f r om jumping out of the tanks but were not necessary 

after•.Tards because the fish rA.pidly grev; accustomed to the 

confined space . 

Daily feedinss of a s imple &ealie-meal and fishmeal 

mixture uere given. Temperature control was provided by 

bi-metallic thermostats in conjunction v1i th heating 

elements . Aeration was provided by passing compressed 

air through diffuser blocks or corner filters . The ex-

perimental tanks measured 2 feet by one by one, and were 

always topped up to 30 liters . The tanks were cleaned, 

when necessary, after the fish had been transferred to 

tanks with clean water of the same salt concentration and 

the same temperature . For experimental purposes ten 

fish were kept in each tank . In the sea vJater experiments 

the fish were kept in 5 liters of solution in plastic 
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TABLE l 

THE ORIGIN AND USE OF THE EXP..i:RII·iENTAL SP.i:CIES 

Experimental 
Species 

Barbus holubi 

B. afer 

Lab eo 
umbratus 

Til apia 
~arrmanii 

T. mossam­
bica 

Sandelia 
capensis 

Number 
of 

batches 
used 

Source of 
each batch 

Bxperim0nts per­
forwed on each batch 

-r-·---___,f--------+------------
2 

2 

l 

l 

l 

1 

3 

3 

2 

a)Lyd.enburg Preli..uinary and final 
hatchery, chloride and sui ­
Transvaal !phat e Gzperiments 

b)- do- !Final sea water ex-
1 periments 

a)Kariega I'Preli~inary chloride 
River and sulphate ex-

! periments 
b)- do - ·Freli~inary sea 

water expari~ents . 

Buffalo 
1:li ver 

Klein Berg 
River (Gam­
taos system) 

Witte 
River 

Lake I1entz 
(Sundays 
River sys-
tsm) 

a) Brick­
fields 
Grahams­
town 

b)Pirie 
hatchery 

c)Kariega 
River 

a)Kowie 
River 
estuary 

b )Bushmans 
River 

c)Port Al­
fred Pond 

a) Kl ein 
furg l:liver 
(Gamtoos 
system) 

b) - do -

Preli~inary chloride 
and sulphate ex-

j perimc;nts 
· Preliminary chloride 

experiiilents 

Preliminary chloride 
experiwents 

Prel iminary chloride , 
sulphate and sea 
•.Jater experiment s 
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Final sea water 
experiment (par­
tially) 
Final sea water ex­
periment (par~) 
Preliillinary chloride 
and sulphate ex­
periments 

Final chloride ex­
perL.:lents 
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basins, due to the difficulty experienced in transporting 

glass aquarium tanks for long distances. 

The ~:ater used for all stockkeepinc and all experi­

mental purpoGJs, except the sea water experiwencs, ~ms 

Granamstoun tap water, as supplied by the local municipality. 

An analysis of this vvater is given in Table 2. The water 

is treated with chlorine and with li:ile at the municipal 

waterworks. l!'or the sea ~·mter experiments rain ~:a ter was 

used for dilution purposes. 

Durins the adjustment period hardly any mortalities 

occurred in the stock tanks. In tvvo instances, however, 

very large mortalities were experienced due to a parasite 

infection of Barbus trevelyani and excess chlorine in the 

water in the case of a second B. asper batch, which pre­

vented the use of these species for anything other than 

sic hting experiments . 

In the determination of the relation betwe3n various 

concentrations of sodium sulphate or sea water and the 

freezin3point depression of serum only Labeo Uillbr~tus and 

a few fish from the secoad batch of 3 . holubi were used. 

A few Barbus holubi obtained in Pretoria were used for 

the histolocical exalliination of the gills. 

Tolerance deten:ination: experimental procedure 

The survival of various species was deter~ined in 

solutions of s odium chloride and of s odi um s ulphate and 

:L."l various dilutions of sea water, ~v·here possible. .Sodium 

chloride was used sinc e it forms such a l ar;e proport ion 

of t h e dissol~.red salts of s(,a watGr, and i t therefore 

served as a conveni ent sol ute for increasin::; the osmotic 

pressure of the environment of the fish . Sodium sulphate 

is an important constituent of t h e waters of brack rivers 

in the area . D11e to the unfavourable ionic proportions 

produc ed by both these salts, in compar ison with the more 
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balanced composition of sea water as demonstrated by 

Jullien et al. (1959), sea water experiments were under­

taken to provide an estimate of the specific tol erance to 

sea water itself , which is the most important parameter 

for zoogeo;sraphical interpretation. The sodium chloride 

and sodium sulphate experiments were completed in Grahams ­

town, but the sea vn..t .::: r experimt;nts were undertaken at 

the F.w. Armstrong Field Station of ~ho1es University at 

Port Alfred, \'There sea vJater is frvely available. 

Three different experimental procedures , which can be 

designated as initial, preliminary and final procedures, 

were used in the tolerance estimation. The init ial pro­

cedure provides data on -,·Jhat occurs with very rapid in­

creases in salinity whil e; the preliminary and final pro­

cedures indicate the effects of lon; er exposures to hich 

sal initi 3S. Durin; each experiment the stock tanks 

served as control groups . In no case v;ere any mortali-

ties reported from the control groups durins the duration 

of an experimen t . 

Init ial_Qrocedure: This procedure and the next 

served chiefly as sightin; experiments. In the initial 

method rapid increases of 3 %o of sodium chloride at a 

time were wade ev0ry hour , until all the fish succumbed . 

Observations were wade of the number of fish surviving at 

the end of each hour . 

Prelimi nari_££ocedure: The very rapid increases in 

salinity of the initial series produc ed very high es­

timates of tolerance , s ince the fish died i n concentra­

tions far in excess of those in which they were 

initiBl ly affected . The preliminary procedure was 

ther2fore designed to indicate long-term survival of the 

f i sh s ubject ed to small daily increases in salinity . 

Daily increases of l %o in the conc entration of sodium 
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TABLE 2 

THE CHEMICAL C0riP08ITIGN OF GRAHAI''I.STO .. .JN TAP ..J!~'rER__(INFOR.:: 

1~TION SUPPLIZD BY THE GRAHi~STGkN CITY COUNCIL) 

Date of anal;ysis: unl;:nown 

pH 8 . 4 

Total solids, P · 9 · ~ · 150 
Loss on i~nition, p . p . ~ . 50 
Soluble solid3, p . p .~ . 150 

Insoluble solids, p . p . m. 0 

Chlorides (as NaCl), p . p . ill . 52 
Free chlorine, p .p . m. 0 

Alkalinity (to methyl orang8 
as NaOH), p . p .w . 20 

Acidity (to phenol phthalein 
as H2 so4 ) p . p.ili . 1 . 0 

Temporary hardness p . p .m. 0 
Permanent hardness, p.p . w. 17 

TABLE 3 

THE CHENICAL COIV'J.POSITIO.lT OF ":S1LNOVA 11 ,SALT (AS SUPPLIED 

BY CEREBOS _,___gMI 'I' ED) 

Date of analysis : Janugry, 1963 

l"'ois ture, 5.} 
Calcium, as Ca, % 
Magnesium, as Mg, % 
Sulpho.t c , as so4 , 7~ 

Insolubles,% 

Starch , % 

~odium Chloride, % 

0 . 033 

0 . 018 

0 . 027 

0 . 031 

0.027 

0 . 5 

99 . 38 
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chloride , sodium sulphate or sea water were used, except 

in some sodium sulphate experiments where a daily in­

crease of 0 . 44 %o \.vas used, due to the use of hydrated 

sodium sul phate. 11 Sal nova 11 brand househ.old salt was 

used to obtain the required sodium chl oride concentra-

tions . The chemical composition of this salt is given 

in Table 3. For the sodiu~ sulphate solutions, 

analytical quality salt with low impurities was used in 

the unhydrated form, except in specified instances. Sea 

water was obta ined at high t ide from the estuary of the 

Kowie River and hAd an average salinity of 35.29 %o 

(according to the simplified titration technique of 

Barnes , 1959). 

Ten fish were used for each experiment, except #here 

otherNise stated, and were selected at random from the 

stock tanks . The number of fish surviving in each con-

centration was recorded before increasing the concen-

tration by another step . The analysis of these results 

is discussed in a later section . 

Einal_Qrocedure : I n this procedure an estimate of 

the median time of survival was obtained for various 

concentrations of the solutions being tested . The range 

of concentrations was chosen in most cases from the range 

of concentr~tions suggested to be lethal by the pre­

liminary experiments . Within this range, t h e concen­

trations to be tested were ar·r anged at 1 %o intervals . 

After random select ion from the stock, the fish to 

be used in the experiments were gradually acclimated by 

daily increases in concentration of 1 %o until the 

testing range of concentrations is reached . The fish 

were then randomised into groups of ten fish each, by the 

use of numbered cards drawn from a container . These 

groups were then assigned to t he various testing 
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concentrations by a similar randomisation technique. The 

groups were then transferred as simultaneously as possible 

to their respective concen trations, which were at the same 

temperature as the acclimation solution. Observations 

were made continuously for the first thousand illinutes af­

ter t r ansfer, and thereafter at logarithmically spaced in­

tervals, until a period of 5 ,000 minutes elapsed. The 

logarithmic spacing of observation t i mes was adopted, 

firstly because the survival probit transformation and the 

logarithm of the t ime instances when the percentage sur­

vival changes are very frequently linearly related, as 

was also found in the first experiillents of the present 

study. Secondly it pr ovided evenly spac ed points on the 

graph of the survival probit against the logarithmically 

arranged time interval s to improve t he accuracy of curve­

fitting . The usual lensth of the observation period, 

5 ,000 minutes, was arbitrarily chosen , but was also used 

by ATianson and Noble (1964) who fotmd that with longer 

exposure periods external factors obscure the cold-death 

relation . In the present study no such factors were ob-

served when the length of exposure was increased. This 

length of exposure provided a tolerance estimate for ille­

dium-term exposure to the test soluti ons . In addition 

the experiwental results of Barbus hol ubi, s ummarised in 

figure 4, indicate that fo r the 5 , 000 minut e period 

tolerance is nearly msximal but drops rapidly for longer 

periods of exposure . 

I n a few instances the chosen range of concentrations 

did not prove let hal enough to provide a reliabl e estim~~~ 

of the median time of survival, due to various reasons. 

This condi t i on was remedied in one of two possible ways , 

as discussed below . These remedies had to be adopted 

because in no~e of the cases were sufficient f ish available 

to start a n ew series of experiments at the higber 
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concentrations. If a number of deaths occurred in most 

of the concentrations used initially, the period of ob -

servation was prolonged to 10,000 minutes in order to ob-

tain an estimate of the ~edian time of survival for a 

given concentr ati on selected at the start of the experi -

ment. Where no deaths occurred at all in at least two or 

three of the concentr~tions during the initial 5 , 000 ~inute 

period, these groups of fish in which no deaths were re­

corded were transferred to the ranse of concentrations 

iruwediately higher than that selected initially. The 

group from the lowesttest concentration was transferred 

to the lowest concentration of the new range of concen-

trations, and similarly with the rest of the unaffected 

groups . This procedure was followed in order to allow 

maxi~um acclimation, and t o minimise any possible shock 

effects which could affect the results . 

The initial, preliminary and final experiments were 

0 
all undertaken at a tewperature of 20 C. While the 

possible effects of temperatures other than the ambient 

(20°C) on the salinity tolerance are duly recognised, 

lack of experiwental waterial did not allow an investiga-

tion of these effects. 

Analysis of results . 

The rapid rate of death in the initial experiments 

does not allow the use of the probit transformation since 

at the most only one probit point can be obtained . In 

those cases where all the fish died at one concentration 

no probit points could be obtained and no median tolerance 

l imits can be estimated for this procedure . 

The survival figur e s of the preliminary experiments 

were c a lculated as the percentage fish surviving in each 

concentration. For each percentage the corresponding 

probi t value ~Jas deter mined from tables in Finney (1952 ). 

These probit values were then plotted on a linear scale 
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against the concentrations at which they wer e obtained, 

which were arranged on a logarithmic scale. A straight 

line was fitted by eye to these points. From this line 

the concentration which corresponds to a probit value of 

5 was read off. This concentration is the median 

tolerance limit as defined earlier since a probit of 5 

corresponds to 5~~ survival. A procedure similar to 

this one is illustrated in figure 3. 

In the final procedure the number of survivors re­

corded in a given concentration after each observation 

interval, during which a change in the number of sur ­

vivors occurred, was also converted to a percentage and 

the corresponding probit then read off. This probit 

value was then plotted on a linear scale against the 

length of time which had elapsed since the start of the 

experiment, arranged on a l ogarithmic scale. A straight 

line was fitted to the series of points obtained thus, 

and the length of survival which corresponds to the 

probit value of 5 was then read of from this line . 

This length of survival is the median time of survival, 

as defined previously. This procedure is then repeated 

for each concentration tested, and a median time of sur­

vival is estimated for each concentration. An example 

of this procedure is illustrated in figure 2 . The re-

sults of the final experimental procedure also provided 

estimates of the median tolerance limits for v8r ious 

exposure periods . The number of survivors in each con­

centration at the end of the selected exposure period 

was also converted to a percentage basis and transformed 

to probit values. The median tolerance limits were 

then obtained as described for the preliminary procedure. 

An example of this procedure is given in figure 3 . 

The MTS values obtained were further plotted on a 

l inear scale against the logarithm of concentration . 
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The seilli-logarithmic method of plotting was adopted to 

indicate the presence or not of a threshold concentration 

below which the fish can apparently withstand unlimited 

exposure. 

Criteria other than the Tlm and MTS, such as 

the Ln90 , are undoubtedly of greater value in the zoo­

geographical application of tol erance studies since if 

only a few very resistant fish could traverse a given 

barrier the species could become established in new 

territory . Limitations of the present experimental 

procedure invalidate comparisons between Ln90 •s of 

the various species since so few fish were used i n 

most cases. Furthermore as so many environmental 

factors can affect the s alinity tolerance of any species 

and especially such extreme criteria as the LD50, the 

TLm and MTS are retained as the best comparative in-

dicators of tol erance in the present study. 

Freezing-point depression of blood: experimental procedure 

Blood samples were collected by removing the pe­

duncle of t he fish under liquid paraffin and the blood 

droplets were left to clot in liquid paraffin. After 

one hour the serum which separated from t he clot was 

drawn up as fine drops into a v0ry thin capillary tube of 

Vitreosil glass. The drops were separated from one 

another by drops of liquid paraffin . After sealing both 

ends of t h e capillaries with plasticine, t hey were stored 

in a vial of liquid paraffin at a temperature of -15 °C, 

till the freezing- point depression measurements could be 

ma de. 

Th e depression of freezing-po i nt was measured in an 

apparatus similar to the one described by Ramsay and 

Brown (1955 ) . The method differed slightly f rom the 

recommended one i n s o far that a slower rate of heating 

was us ed in t h e present study . The freezing-point was 
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recorded as the temperature at which the last ice crystal 

contained within the serum droplet under observation 

disappeared . Five replicates of this reading were taken 

to provide an accurate average. Th e freezing-point of 

glass distilled water, determined by the sawe illethod, 

served as reference point for freezing-point depression 

estimates. 

Histological methods 

Bouin ' s fluid (Pantin, 1962 ) was used as fixative 

and the fish \.-ere kill ed by dropping directly into the 

fixative, and the gills were directly exposed to the 

action of the fixative by removal of the operculum. The 

usual series of increasing alcohol concentrations was 

used for dehydration. Xylene was used for clearing the 

gill tissue and the gills were vacuum- embedded in filtered 

paraffin wax with a melting point of 55°C . Sectioning 

was done on r otary microtome at a thickness of s;u.. 
Staining with Heidenhain's hematoxylin and counter­

staining with eosin proved reason ably satisfactory. 

Better control of staining intensity was achiev ed by the 

use of Mayer' s hematoxylin and erythrosin. 
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4 . RESULTS 

The 3ymptom sequence is of great importance in sur­

vival experiments since the criterion for death must be 

rigorously defined. Hhile the symptom sequence differs 

slightly between species, and in different solutions, a 

basic pattern can be recognised in all the expe riments . 

The behaviour of Barbus holubi in sodium chloride pro­

vides a useful basis for comparison . Soon after the 

transfer of the fish to the experimental solutions, the 

fish and the bottom of the tank become covered with a 

whitish precipitate, which also clings to the sides of 

the tank. This is followed by the performance of rapid 

darting movements by disturbed fish, completely unlike 

the movements of normal fish when they are disturbed . 

The fish also keep near the surface of the water during 

this stage and gradually enter a stage of periodic loss 

of equilibrium, interspersed with short bursts of dar­

ting movements . The loss of equilibrium periods gradually 

increase in length and eventually result in permanent loss 

of equilibrium. The respiration rate increases at first 

and then becomes slower and intermittent. On cessation 

of breathing the fish is considered dead for the purpose 

of the experiment, since at this stage the fish do not 

react to any s timuli . 

I n B. holubi kept in sodium sulphate solutions, the 

sequence is similar to that described above , except that 

no evidence of a precipitate on the tank bottom is found . 

In sea water dilutions the s equence was exactly similar 

to that found in sodium chloride . Here the rapid darting 

movements always terminated with a rolling movement of 
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the body, probably due to very sudden loss of equil ibrium. 

In the first stages of permanent loss of equilibrium, 

the respiration rate incre ased from normal 96 per minute 

to 120 per minute. 

B. pallidus exhibits darkening of the skin in sub­

lethal concentrations of sea water and a brownish pre­

cipitate is produced in sublethal ar.d lethal concentra­

tions. 

Labeo umbratus also undergoes loss of equilibrium 

and increased rates of respiration in sodium chloride 

and sodium sulphate solutions . In sea water dilutions, 

in addition, a darkening of the s kin appears in sub­

lethal concentrations and persists till death in lethal 

concentrations. 

Tilapia sparrmanii init ially exhibits dark horizon­

tal and vertical lines on the lateral portions of the 

body, but this does not necessarily occur in all the 

affected fish . The next stage is characterised by the 

tendency of the fish to stay near the surface while swim­

ming continuously - if it stops swimming the fish drops 

to the bottom, unlike unaffected fish which maintain their 

position under these conditions . The affected fish also 

perform r apid move11.ents through the water with a "cork­

screw" motion. The fish eventually comes to rest on the 

bottom and gradually leans over sideways , with occasio­

nal interruptions of further i!corkscrew" movements . This 

is followed by complete loss of equilibrium and inter­

mittent respiration and eventually death. In sodium 

chloride this last stage is characterised by spasmodic 

movement of the pectoral fins and in some cases by teta­

nic contraction of body muscles. In both sea water and 

s odium chloride the overall colour of the fish is much 
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enhanced. 

In 9 fo and higher concentrations of sodium chloride, 

Sandelia capensis also shows evidence of a white preci­

pitate and from ll ~~o upwards the smaller fish become very 

dark while the larger fish are unaffected. In temporary 

loss of equilibrium, the perj.ods of loss of equilibrium 

are alternated with swimming at the surface with the head 

nearly vertically above the tail. 

In the initial experiment most fish died in apparent 

acute respiratory distress with the mouths vride open. 

In none of the other experiments did this occur, with the 

exception of some Tilapia sparrmanii in which muscular 

spasms ccasionally caused a siMilar condition. 

Small transfer experiments have given some indication 

of the ability of fish to recover from some of these 

stages in the death sequence . Transfer of B. holubi, 

at the first signs of permanent loss of equilibrium in 

14 %o diluted sea water, to fresh water did not lead to 

recovery. T. sparrmanii transferred from undiluted sea 

water to fresh water on the first signs of temporary l oss 

of equilibrium survived for periods up to 3,000 minutes, 

but then succumbed . It therefore appears that as soon as 

evidence of loss of equilibrium, however slightly, occurs , 

recovery is severely i~paired . On the other hand , the 

change s in salinity which these fish had to undergo in 

this transfer process may have been too drastic to allow 

recovery, in which c a se a slowe r reduction of salinity 

may produce complete recovery. 

Due to lack of experimental material no further 

experiments on recovery of fish could be unde rtaken. 

Only ca refully designed experiments which reduce the shock 

effect of direct transfer as far as possible could indi-
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cate conc lusively at exactly what stage recovery becomes 

impossible. Further work on the recovery aspec ts is 

therefore of great importance in zoogeographical study, 

especially in those species which are just suffi ciently 

tolerant to allow sea dispersal under favourable condi­

tion s . 

SURV IV .AL EXJ?SRIIv1Ei.iT S. 

The most useful data for this purpose were y i elde d 

by the final experimental procedure, but in many cases 

not sufficient fish were available and conclus i ons had 

to be based on the results of initial and preliminary 

experiments. 

Barbus holubi Steindachner, 1894. 

This species was tested the most exhaustively of 

all in the present series of experiments, since it was 

the only cyprinid which could be obtained in sufficient 

numbers, although it is not indigenous to the Eastern 

Province. 

Sodium chloride tolerance~ The data from the pre­

liminary experiment are summarised in Table 4. The final 

procedure results o f Table 5 w·ere used in the graphical 

estimation of the median times of survival, which is 

illustrated in figure 2. Figure 5 indicates the r elati on 

between die median times of survival and concentraion. 

The graphical estimat ion of the median t olerance limit 

is illustrated in figure 3 a nd the resulting values are 

give n in Table 6 and in figure 4. The long expo sur e and 

observation period of 12 , 500 minutes adopted for thi s 

experiment was a l so a c c ompanied by the transfer o f two 

group s of fish f rom 7 and 8 %o to 12 a nd 1 3 %o, respec­

tive ly . 
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TABLE 4. 

PRELIMINARY PROCEDURE: THZ SURVIVAL OF Barbus holubi 
IN GRADUALLY INCREASED SODIUM CHLORIDE CONCENTRATIONS . 

Number of fish used: 10 Rate of concentration 
increase: l%o per day . 

Date: Se ptember, 1964 . 

TLm estimate: not possible. 
Average

0
temperature: 

19 . 4 c. 

Concentrations at 
which death 

occurred. 
Number of survivors. 

2 

0 

! 

Percentage 
survival. 

20 

0 

From results it is apparent that 3arbus holubi 

has ~urviveci slightly higher concentrations in the final 

procedure than in the preliminary experiment. Figure 

5 indicates that a hyperbolic relation be tween the median 

times of survi val and the logarithmically arranged con-

centrations exists . Figure 4 provides an indication of 

the length of exposure's influence on tolerance figures, 

the latter which drops rapi dly as s oon as the exposure 

length exceeds about 5 , 000 minutes. 

Sodium sulphate tolerance: The prelimi nary proce-

dure yielded the data summarised in Table 7. The time-

survival of this species in diffe r ent sodium sulphate 

concentrations is given in Table 8 , and is derived from 

the final procedure experiment. The graphical est imates 

of the median times of survival are given in Table 9 . 

From these results produced by the final experimental 

procedure estimates of the median tolerance limits were 

also made and they appear in Table 10. 
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TABLE 5. 

FINAL PROCEDURE: TIE SURVIVAL ~ liTH TIME OF Barbus holubi 
IN DIFFERENT SODIUM CHLORIDE CONCENTRATIONS. 

Date: September, 1964 . Acclimation: to 6 f~ NaCl. 

Number I Average 
! s 

Concen- Time since N b jPerce rr- Sur-
tra- of tempe- start of um. e r 'ta!J"e vi val 

of Jive I o . tion. fish rature . experiment. f ' h surv1- p ro-
(~o) I used ( oc) (minutes) lS • val. bit . 1 

i l . 
i 

I 
I 

7 10 19 . 9 12,500 10 100 - j 

i 
' 8 10 20.2 12,500 10 100 - j 

9 10 19.9 8 ,390 9 90 I 6 . 281 

I 
11,270 7 70 5.52 
11 ,890 5 5G 5.00 

10 10 20.1 8,510 9 90 6.28 
9, 830 8 80 5.84 

11,270 6 60 50 251 

11 10 20 . 1 1,305 9 90 6 o 28 I 

2,739 8 80 5.84 
5,720 6 60 5. 25 
6,950 5 50 5. 00 . 
8 ,390 3 30 4.48 
9,830 1 10 3. 72 

12 10 20.1 340 I 9 90 6 .28 
390 8 80 5.84 
400 7 70 5.52 
560 5 50 5.00 
620 4 40 4. 75 
730 3 30 4.48 
800 2 20 4 . 16 

1,010 1 10 3. 72 
11,000 0 0 -

I 13 10 20 . 5 95 9 90 6.28 
160 8 80 5. 84 . 
200 7 70 5.52 
210 6 60 5. 25 
280 5 50 5.00 
300 4 40 4.75 
310 3 30 4.48 
320 2 20 4.16 
370 1 10 3. 72 

I 560 0 0 -
I 

I I l ' i 
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TABLE 6. 

FINAL PROCEDURE: THE ESTIMATZD MEDIAN TOLERANCZ LIMITS 
OF Barbus holubi TO SODiill.: CHLORIDE FOR D1FFERENT LENGTHS 
OF EXPO SUE.::. . 

Length of exposure 
(minutes). 

12,500 

10,000 

5,000 

1,440 

Median tolerance limit 
( %o NaCl) . 

10 .0 

10.1 

11.4 

11.5 

Comparison of the tolerance values produced by the final 

and preliminary procedures indicate that lower values 

were obtained in the final experiment . A possible ex-

planation for this difference is the non-randomly selec­

ted group of fish on which the e xperiment was performed, 

since a number of fish died during the acclimation period 

due to unknown causes (possibly due to an increase in the :.frE3 

chlorine content of the tap water, which is known to have 

occurred at this time and affected other stocks of fish 

as well) which lowered the physiologica l tolerance of the 

fish in the final experiment . In the comparison of the 

median times of survival with t he concentrations at whi ch 

they were determined, very little difference between the 

two MTS estimates for 5 and 6 ~:)o was found. 

Sea water tolerance : Only the final procedure wa s 

used in the estimation of the tolerance of B. holubi to 

sea water. Since hardly any deaths occurred in the range 

of concentrations (suggested by die sodium chloride ex­

periments) which was tested initially in this experiment , 

the gr oups of fi s h from 7 , 8, 9, 10 and 11 r~ were respec-

tively transf erred to sea water dilutions with salini­

ties of 14, 15, 16, 17 and 18 r~, and were observed for 
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a further 5~000 minutes. The survival in the various 

concentrations tested is summarised in Table 11. From 

these data esti7nates of the median times of survival 

~,ere made , which are indicated in Table 12, while 

ficure 6 indic::.tes that once again a hyperbolic re-

lation exists between the median time of survival~ 

where it can be estimated 9 and concentration, if the 

latter is arranged on a lo~arithmic scale. Comparison 

of tl~ median tolerance limits obtained in sea water, as 

summarised in Table 13 9 and the values from the sodium 

chloride experiments, demonstrate that this species i s 

far more tolerant to sea rmtel' than to sodium chloride . 

PRLLLH~JARY PROCEDURE~ THE SURVIVAL OF Barbus ho l ubi IN 

GP.ADUALLY TiifC~ASI:rG CONCErTTHA~~IOFS OF SODIUM SULPHATE. 

Number of fish usedg 10 Rate of concentration increase~ 
Oo 44~~0 per day. 

Date: October, 1964. 

Concentrations at 
''hich deaths occur­

. red c,·:o na2 so 4 ) • 

6.22 

8.00 

8.44 
10 ~ 66 

11 ~11 

TLm estimate: 6 . S?'JO. 

Avera; e temperatureg 19.9°0. 

..... -----
r of lJum:.;e 

surv ivors 

6 

3 
2 

1 

0 

-

Pe rcenta ::;e 
survival 

-- -----=--
60 

30 
20 
10 

0 

Survival 
pro bit 

-
5 . 25 

4.48 
4.16 
3.72 
-
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TABLE (~ " 

FINAL PROCEDURE: THE SURVIVAL WITH TIME OF Barbus holubi 
IN DIFFERENT SODIUM SULPHATE C•.}NCENTRATIONS. - -
Date: November, 1964 . Ac.::limation: to 3 %o. 

~------~--·---~A~erag~ Time since 1~1.T- b 
1
1 Percen-j.survi-·j 

!Cone en- Number :te e ~um er 1 1 
t, t . r f f. sbj mp - start of ! f 1 . 1 tage I va : 
f'tra. lon ·l 0 l . 1ra tu.,...e experiment 1° f. l~e: survi- pro- j I ( 7-.o) ! used . ! (oc). · 

1 

(minutes; 
1 

lS ·1 val. 1 bit.! 

r--- I ' ! I I 
I 4-·~ 10 j19~-~~ 

5
, 66g T ~ l ~g ! 6.28, 

II I j
1 

720 II 9 90 ! 6. 28 1
, 5 I 10 19.9 . 

. ,. 'I ,. l' 380 ' 8 80 5. 84 I 
29280 I 6 60 5.25 ! 

l l 2,880 5 50 5.00! 
i 5, ooo 5 5o I 
I I 
! 10 20. 2 l' 380 8 80 5. 84 i 
l 29280 7 70 5.52 

6 

I 2,880 5 50 5 .00 
39420 4 40 4.75 
5 ,000 4 40 

TABLE 9. 

FINAL PROCEDURE: THE ESTI1~TED 1lliDIAN TIMES OF SURVIVAL 
OF Barbus holubi IN DIFFEREHT CONCENTRATIOHS OF SODIU1vC ... 
S~LfLPHA TE o -----·-· 

I Sodium sulphate concen­
tration (%o Na2so

4
). 

. 4 

5 

6 

TABLE 10. 

Median time of suvival 
(minutes). 

No estimate possible 

2,884 

2,754 

FINAL PROCEDURE : THE ESTIMATED MEDIAN TOLERANCE LIMITS 
OF--Barbus hOlUbi--io-30Diill~ SULPHATE FOR DIFFERENT LENGTHS 
OF EXPOSURE . 

Length of ex)osure Median tolerance limit 
(minutes • ( %o Ha2so

4
) 

I 
' I 5 ,000 5.3 

possi bl e l 1,440 No es t imate 
____ j 
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TABLE 11. 

FINAL PROCEDURE: T~ SURVIVAL wiTH TI~ffi OF Barbus holubi 
IN DIFFERENT DILUTIOt~S OF SEA WATER. 

Date: April, 1965. Acclimation~ to 6 f~. 

i i I : 

Concen- Number Average Time since JNumber/Percen- Survi- I 
tration of fiffi tempera- start of 1 f li tage val . 

(%o). I used. ture lexperimentl 0
f . :lsurvi- probit .i 

(°C). , (minutes). I lS ' I val. j 
I I I I 

I I I • I 
7 10 

I 
21 . 6 5,000 I 10 100 I - I I I I I 

8 10 21.4 5,000 I 10 100 I 
I - I I ! 9 10 21.3 5,000 10 100 -

10 10 21 . 6 5,000 10 100 -

11 10 21.6 5,000 
I 

10 100 -

12 10 21.6 5,000 10 100 -

13 10 21.6 3,675 9 90 6.28 
5,000 9 90 I 

I 14 10 20.3 3, 76 3 8 80 5. 84 
4,483 7 70 5.52 I 

l 
5,000 7 70 I 

I 

15 10 20.3 358 9 90 6 . 28 I 613 8 80 5. 84 
823 7 70 5. 52 I 

2,983 6 60 5. 25 I 
4,003 5 50 5.00 
4,243 2 20 4.16 
4,723 1 10 3. 72 
5, 000 1 10 

I 
16 10 20 .6 47 3 9 90 6 . 28 I 1,023 7 70 5 . 52 I 1,903 5 50 5. 00 I 

2,023 4 40 4-75 
2,803 2 20 4.16 
4,903 1 10 3.72 
4' 96 3 0 0 - I 

I 
17 10 20.7 283 9 90 6 . 28 I 

403 8 80 5. 84 I 
443 7 70 5. 52 I 718 4 40 4 . 75 
823 3 30 4.48 I 

1,003 2 20 4 . 16 ! 
1,543 0 0 - I 

18 9 20 .7 228 8 89 6.23 

I 
268 7 78 5. 77 
328 6 67 5.44 
373 4 44 4 . 85 
583 3 33 4.56 
943 2 22 4 . 23 

1, 363 1 11 3. 77 

I 
1,423 0 0 - I 

I ! I 
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TABLE 12 . 

FINAL PROCEDURE: THE ESTilVIATED I~~DIAN TIMES OF SURVIVAL 

OF Barbus holubi IN DIFFZRENT DILUTIONS OF SEA WATER. 

Sea water dilutions :'l~edian times of survival 
( ~)0) . 

l 
(minutes). 

I 

7 No estimate possible 

8 do . 

9 do . 

10 do . 

11 do. 

12 do. 

13 do. 

14 6,761 

15 1 , 950 

16 1 ,479 

17 616 

18 490 

TABLE 13. 

FINAL PROCEDURE: THE ESTil\1AT~D MEDIAN TOLERANCE LIMITS 
OF Barbus holubi TO DILUTIONS OF S2A 1./AT.::R FOR DIFFERENT 
LENGTHS OF EXPOSURE . 

Length of exposure 
(minutes). 

Median tolerance limits 
( %o) . 

14.1 

16 . 1 

5,000 

1,440 

~--------~--------J 
Individuals of Barbus holubi that were transferred 

directly from 13 %o, in which they had spent about 5 ,000 

minutes, to undiluted sea water suvived for a maximum of 
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75 minutes , but after 15 minutes had elapsed they were 

all in a state of permanent loss of equilibrium. It can 

therefore be concluded that thG survival time of this 

species in undiluted sea water is ne3ligible, as far as 

zoogeographical v:ork is concerned. 

In this rapid transfsr to undiluted sea water severe 

physiological shock is unavoidable . Less rapid transfer 

by gradual increasing of the concentration may result in 

slightly longer survi""~.ral periods . No significant in-

crease in survival time is expected, however , since an in-

crease of only a few parts per thousand in concentration 

leads to death within a few hours . 

Barbus trevelyani GUnther , 1877. 

This rare species was subjected to preliminary ex-

periments to determine its tolerance of sodium chlorjde 

and sodium sulphate solutions respectively. 

Sodium chloride tolerance: For the preliminary ex~ 

periment only five fish were used, which provided the 

survival values summarised in Table 14. This was the only 

experiment performed to determine the sodium chloride 

tolerance of this species, and the tolerance values appear 

to be of the same order as that of B. holubi . 

TABLE 14 . -----
PRELIMINARY PROCEDURE: THE SURVIVAL OF Barbus trevelyani 
IN GRAJ)UALLY I~!"CREASING CONCENTRATIONS OF SODIUJVI CHLORIDE 

Number of fish used : 5 

Date~ June, 1964. 

Concentrations at 

Rate of concentration increase: 
1 %o per day. 

Average temperature: 20.3°C. 

·--l 
which deaths occur- Number of survivors. Percentage 

survival. red (foe NaCl). 

7 3 60 

10 0 0 

TLm estimate~ no estimate possible (will be in r ange 
7 to 10 %o) . 
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Sodium sulphate tolerance~ In the determination of 

this characteristic only a preliminary experiment could 

be performed and only five fish ,,,ere nsed, As in all the 

preliminary experiments, the median limit of tolerance 

is estimated in the present experiment for an exposure 

pe1·iod of 24 hours, since tr.Lis is the interval between 

successive concentration increases . This estimate of the 

median tolerance limit and other survival data are pre-

sented in Table 15 . 

TABLE 15. 

PRELIMINARY PROCEDURE: THE SURVIVAL OF Barbus trevelyani 

IN GRADUALLY INC~ASING SODIUM SULPHATE CONCENTRATIONS. 

Number of fish used: 5. Rate of concentration increase: 
0 . 44 1o0 per day. 

Date: June , 1964. Average temp8rature: 18 . 3°C . ., 

I 

Concentrations at Humber of sur- I Percen- Survival 
which deaths accur- viving fish. tage sur- probit. 
redo (%o Na2so

4
). vi val . 

l. 77 I • 't 80 5. 84 

3. 11 I 2 40 4.75 

6 . 66 1 20 4 . 16 

8 .00 - 0 0 
I ! I 

TLm estimate = 3. 1 %o. 

Barbus asper Boulenger, 1911 . 

Sodium chloride tolerance: This is the onl y tolerance 

value which was estimated for this species? due to the 

small numbers of fish which could be obtained. The use 

of the initial procedure produced the data summarised 

in Table 16 and the prel i minary results are given in 

Table 17. From these tables it is apparent that this 

species is far more tolerant of sodium chloride than the 

previous two? and the di f ference in the rate of salinity 
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increase between the initial and preliminary experiments 

does not affect the survival of the fish to the same de-

gree as other species. 

TABU 16. 

INITI.t~L PROCEDURE: THB SURVIVAL OF Barbus as:per IN RA­
PIDLY IHCREASING CONCENTRAT·IONS OF SODIUM CHLORIDE. 

Number of fish used: 5. Rate cf concentration increase: 
3 c;'<;o per hour . 

Date: March~ 196!t .• Average temperature: 20 . 5°C. 

Concentrations at Number of sur- I I)ercentage which deaths occur-
re d . ( fo0 N aC l ) viving fish. 

I 
survivaL 

I 

18 3 ! 60 
I 

21 I 0 I 0 

TABLE 17. 

PRELIMINARY PROCEDURE: THE SURVIVAL OF Barbus asper IN 
GRADUALLY INCREASING SODIUM CHLORIDE CONCENTRATIONS . 

Humber of fish used~ 10 . Rate of concentration increase: 
l r~o per day . 

Date: April, 1964 . Average temperature: l7.8°C . 

Concentrations I Nu be of 
I I 

Percentage I Survival 
I at which deaths m. : fish 

occurred. survlVlng • survival . probit . 

(%o NaCl) . I 
I 

17 5 50 5.00 

18 2 20 4 . 16 

19 0 0 -

TLm e s timate = 17.0 %o NaCl . 

Barbus afer Peters, 1864. 

Sodium chloride tolerance: This v1n.s the only solu-

t ion in which B. afer could be tested, since very few 

f ish were available . The results of the initial experi-

ment and the preliminary experimen·c are given in Tables 
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18 and 19 respective+y. ..,hile this species tolerated 

quite high concentration unuer conditions of rapid in-

crease in salinity level, the tolerance of B. afer was 

significantl y lower in the preliminary experiment with 

its slower increase in concentration. It can therefore 

be concluded thc:::.t this species has a lower tolerance than 

B. asper. -----·----
TABLE 18. 

INITIAL PROCEDURE : THE SURVIVAL OF Barbus afer IN RA­
PIDLY INCREASING SODiill'i CHLORIDE CONCEnTRATIONS. 

Number of fish used: 5. Rate of concentration increase: 
3 io0 per hour . 

Date: March, 1964. Average temperature: 20 . 5°C . 

Concentrations at I Number of sur- Percentage which deaths oc-
curred ( %o NaCl) . I viving fish . survival. 

18 0 0 

TABLE 19 . 

PRELIMIITARY PROCEDURE : THE SURVIVAL OF Barbus afer IN 
GRH..DUALLY INCREASilJG CONC~NTRATICNS OF SODIUM CHLORIDE. 

Number of fi sh used: 10 

Date: May, 1964 . 

Rate of concentration increase: 
l '/o0 per day . 

Average temperature: 0 17 . 1 c. 

Concentrations at Number of Percentage which deaths oc-
curred ( <fo0 NaCl) . surviving fish . survival . 

' 

8 0 
I 

I 
0 

TLm: No estimate possi8le. 

Barbus pallidus A. Smith, 1841 . 

This species was subjected to preliminary experi-

ments using sodium chloride? sodium sulphate and sea 

water , but unfortunately no c;xpc>rirr.3nts using the final 
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procedure c ould be perfOTil~d on this species which also 

exhibits a high sodium chloride tolerance . 

Sodium chloride tolcranc~: Both the initial and 

the preliminary procedures wero utilised in the estima-

tion of this tolerance value, and the results of these 

experiments are su~narised in Tables 20 and 21 respective-

ly . The results of both experiments are in close agree-

ment and indicate that this species is not affected by 

differences in the rate of salinity change , and has a 

high tolerance of sodium chloride, which is very similar 

to that of Barbus asper . 

TABLE 20. 

INITIAL PROCEDURE: THB SURVIVAL OF Barbus pallidus I N 

INCREASING SODIUM CHLORIDE CONCEN·:rRA·ri01~S. 

Number of fish used: 5. 

Date: March, 1964. 

Rate of concentration increase: 
3 ~uO per hour. 

0 Average temperature: 20 . 5 C. 

Concentrations at Ihwbe r of sur - Percentage which deaths occur-
red ( ~~o NaCl). viving fish . survival . 

L 18 0 I 0 
I 

TABLE 21 . 
PRELIMINARY PROCEDURE: THE SURVIVAL OF Barbus pallidus 
IN GRATIUALLY INCRE1\SING CONCI:;HTRATIONS OF SODIUM CHLORI DE. 

Number of fish used: 10 . Rate of concentration increase: 
1 )'vo pe r day . 

Date : April, 1964 . L..verage temperature: 19.8°C . 

Concentrations Number of sur- Percentage Survival at vrhich deaths 
ace urred (%o NcCl). viving f i sh survival . probi t . 

17 8 80 5. 84 
18 5 50 5. 00 
19 0 0 -

TLm estimate = 18.0 %o NaCl. 
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Sodium sulphate tolerance: Only four fish were 

used for the pre liminary experiment with sodium sulphate 1 

due to the difficulty experienced in obtaining large 

stocks of this spec ie s in the field . The results are 

summarised in Table 22, from which it is apparent that 

the sodium sulphate tolerance is far smaller than the 

s odium chloride tolerance . 

TABLE 22. 

PRELIMINARY PROCEDURE: THE SURVIVAL OF Barbus pallidus 
I N GRADUALLY I 1WREASING CONCENTRi.TIONS OF SOD IUM SULPHATE. 

Number of fish used: 4. Rate of concentration i ncrease: 
0 . 44 %o per day . 

Date: August 1964 . Average temperature: 18 .4°C . 

Concentration at Number of Percentage which deaths occur-
red (%o NaCl) . survivors . survival . 

7.11 0 0 
I 

TLm estimate: not possible, but would be in vicinity of 
7 f~ Na2so4• 

Sea water tolerance: :B'or the pr eliminary e xperiment 

with sea water only three fish could be used and no es­

timate of the median tolerance limit could be obt ained. 

The results of this experi: wnt are suT"lmarised in Table 23 

and the sea water tol<::r .:n1ee is approximately equal to 

the sodium chloride tole r ance of this species 9 in which 

respect it differs from B. ho l ubi where the sea water 

tolerance exceeds the sodium chlor i de t olerance. 
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TABLE 23 . 

PRELIMINARY PROCEDURE: THE SURVIVAL OF Barbus pallidus 

IN GRADUALLY INCREASING CONCENTRATIONS OF SEA WATER. 

Number of fish used: 3. Rate of concentration increase: 
1 fvo per day. 

Date: March , 1965. 

Concentrations in 
which deaths occur-

red ( %o) . 

16 

17 

Average temperature: 0 20 . 9 c. 

Number of sur- Fercentage 
viving fish . survival. 

1 33 

0 0 

TLm estimate: between 15 and 16 %o of diluted sea water, 
no accurate estimate possible . 

Labeo umbratus A. Smith, 1841 . 

Sodium chloride tolerance: The results of the 

preliminary experiment are set out in Table 24 . This 

species therefore tolerates a slightly higher concentra­

tion than Barbus holubi but is not as tolerant as B. asper 

and B. pallidus . 

TABLE 24 . 

PRELIMINARY PROCEDURG: THE SURVIVAL OF Labeo umbratus 

IN GRADUALLY INCREASIJ:~G SODIUM CHLORIDE CONCENTRATIONS. 

Number of fish used: 9. Rate of concentration increase: 
1 %o per day . 

Date: January, February, 
1965 . 

0 Average temepe r ature: 19. 6 C. 

Concentrations at Number of sur- Percentage which deaths occur-
red ( %o NaCl) . 

12 

13 

TLm estimate: 
12 %o. 

v iving fish . survival . 

2 22 

0 0 

not possible, but would be between 11 and 

Sodium sulphate tolerance: The gradually increasing 
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concentrations produced by the preliminary procedure 

caused decreasing survival , as summarised in Table 25 . 

Labeo umbratus is the species '.'lith the highest tole-

ranee of sodium sulphate, which even exceeds its to-

lerance of sodium chloride. 

Significantly, the batch of Labeo umbratus used 

in thesG tests were obtained from the "brack" Fish River 

with a high sulphate content, as indicated in Table 50 . 

Unfortunately no specimens of this specias could be ob-

tained from non-brack rivers to determine whether adap-

tation to high sulphate concentration had occurred in 

those populations of this species living in "brack" ri-

vers. 

TABLE 25 . 

PRELIMINARY PROCEDURE: THE SURVIVAL OF Labeo umbratus 
IN CONCENTRATIONS OF SODI UM SULPHATE . 

Number of fish used : 10. Rate of concentration inc rease: 
1 %o per day. 

Date: January, 1965 . Average temperature: 0 20 . 2 c. 

Concentrations Number of Pe rcentage Survival at which deaths 
occurred surviving fish . survival. probi t . 

(~oe Na2so4) . 

9 9 90 6 . 28 

12 8 80 5. 84 

14 6 60 5.25 

15 0 0 I -

TLm estimate = l5o2 %o . 

Sea water tolerance: The preliminary procedure was 

also used to estimate the tolerance of this species to 

sea water. The data yielded by this experiment are sup­

plied in Tabla 26 . The tolerance values exceed the 

sodium chloride tolerance of this same sp0cies , and its 
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sea water tolerance is approxi mately equal t o that of 

Barbus holubi and to its own sulphate tolerance values . 

TABLE 26 . 

PRELIMINARY PROCEDURE : THE SURVIVAL OF Labeo umbratus 
IN GRADUALLY INCREASING OF SEA \ lATZR DI LUTIONS . 

Number of fish used~ 9. Rate of concentration increase: 
1 j~o per day. 

Date: March, 1965. Average temperature: 0 21. 5 c. 
i 

Concentrations at Number of sur- Percentage which deaths occur- viving f i sh. survival . red ( %o) . 

15 7 78 

16 0 0 

TLm estimate: not possible, would lie between 15 and 
16 %o . 

Tilapia mossambica Peters , 1852 . 

This specie s was subjected to solutions of sodium 

chloride and s odium sulphate and to dilutions of sea 

water and produced very interesting results which pro-

vide a valuable basis of comparison between the diffe-

rent spec i es tested . 

Sodium chloride tolerance: An initial experiment 

produced tho r esults summarised in Table 27, from which 

it can be concluded that the s od ium chloride tolerance 

of this species is quite high. This contention is borne 

out by the two preli minary experiments which are reported 

in Table 28 . The first experiment (series A) was dis-

rupted when the tank bottom cracked . The experiment was 

repeated and the results are reported as series B in the 

table . The difference, in the concentrations tolerated, 

between the two experiments cannot be explained satis-

factorily on the basis of the available evidence . The 

degree of similarity between the tolerance as established 
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by the initial experiment and that estimated from the 

second preliminary experiment indicate that this species 

is not greatly affected by differences in the rate of 

salinity increase . 

TABLE 27 . 

INITIAL PROCEDURE: THE SURVIVAL OF Ti1apia mossambica 

IN RAPIDLY INCREASING SODIUE CHLORIDE CONCENTRATIONS. 

Number of fish used: 

Date: March , 1964 . 

Concentration in 
which deaths occur­

red ( ~~o NaC1) . 

24 

5. Rate of concentration increase: 
3 )vO per hour. 

0 Average temperature: 20 . 5 C. 

Number of sur­
viving fish. 

0 

TABLE 28 . 

Percentage I 
survi:al. I 

PRELIMINARY PROCEDURE: THE SURVIVAL OF Ti1apia mossambica 
IN GRADUALLY INCREASING SODIUM CHLORIDE CONCENTRATIONS. 

Series A: Number of fish 
used: 10. 

Rate of concentration in­
crease: 1 %o per day . 

Date: Mc.y, 1964 . ~·~verage temporature: 19 .8°C. 

Series B: Number of fish Rate of concentration in-
u sed: 10 crease: 1 r~ per day . 

Date: June, 1964. Average temperature: 18.3°C . 

Concentrations Number of sur- Percentage Survival at which deaths 
occurred {§.o NaCJ). viving fish. survival . probi t. 

Series A: 
I 

20 9 90 
23 2 (All 7 deaths due to leakage) 
26 1 10 I 
27 0 0 

Series B: 

17 8 80 5. 84 
19 7 70 5.52 
20 0 - 0 

TLm estimate (Se ries B): = 21. 2 %o NaCl . 



46 0 

Sodium sulphate tolerance: As indicated by the 

preliminary r esults, as summarised in Table 29 , the so-

dium sulphat8 tolerance of T. mossambica is very much 

reduced in c om~_)ari son Hi th its sodium chloride and its 

sea wa ter tolerance, nnd is als o lower tha n the sodium 

sulphate tolerance of Labeo umbratus. 

TABLE 29. 

PRELIMINARY PROCEDURE: Tr~ SURVIVAL OF Tilapia mossambica 

IN GRADUALLY INCREASING CONCENTRATIONS OF SODIUM SULPHATE . 

Number of fish used: 10. Rate of concentration in­
crease: 0. 44 7~o per day. 

Date: i1.ugust' l964 · .:~ve rage temperature: 21 . 1 °C. 

---r 
~oncentration at Number of sur- Percent age Survival which deaths oc- viving fish . survival. probit. I 
purred ( 7~ N"2SO~ .. ! 

I 

8 .00 8 
i 

80 5.84 1 

f 
i 

8 . 44 7 70 5.52 I 

i 
I 8.88 6 i 60 5 . 25 
I 
I 

I 9.33 3 

~ 
30 4 . 48 L l0.22 0 0 -

I J 

TLm estimate = 8. 9 ~;o . 

Soa water tolerance: In order to allow a comparison 

between thG se£.. \ifatt;r tolerances of a number of species, 

the final procedure was used in the case of T. mossambica . 

Three groups of ten fish each we re exposed to arbitrari-

ly chosen dilutions of sea water. Thi3 final experiment 

was preceded by gradual acclimation to 17 %o and the 

fish were then transferred directl y to the various con--

centrations. Even in undiluted sea water no deaths oc-

curred within the 5,000 minute period . This species 

tolerates sea water to a r0markable degree, since both 

of the batches which were usGd for ,;his final experiment 



were obtained from freshwater sources . The results are 

indicated in Table 30, 

TA~~ _ 30,. 

FINAL PHOC3DURE: THE SURVIVAL ·,. 'ITH TI;,::E OF Tilapia mos-

sambica IN DIFFERS~~T D:LLUTIONS OF Sl~L ~iAT~R. - --- · --- ---- ·----------·-
Date: April, 1965. Acclimation: to 17 ~~o. 

Number 
Salinity of fi 8:1 

(ioe) used. 

1 I' I : .Average ! Time since Number ! Per- i 
tempe- 1 start of .r> 1 . ve I cen-
ra~ur~ex~erimentl0~i~h . . tag~ i 

1 (C). (mlnutes) ~ l 'surv:ml.j 

Sur- l 
vival 1 

pro bit.! 

27 10 

! I ~ 

l 
i 

--~ 
20.9 5 ,000 10 100 

I 

30 10 

35 10 

I 
! 

21.0 5 , 000 10 100 

20 . 6 5,000 10 100 
i -·- - - --'------------------·-· - .. 

Tilapia sparrmanii A. Smith, 1840. 

This species was tested quite exhaustively, since 

as a cichlid i t is supposed to have a high tolerance of 

sea water, but is known to have lower tolerance of sea 

water than its congener, J. mossambi~~ (Crass, 1964) . 

Sodium chloride tolerance: All three p rocedures 

were utilised in the estimation of this value . The re-

sult s of the initial experiment , as given in Table 31, 

indicate a fairly high tolerance of sodium chloride. 

The data of the p r eliminary procedure experiment ar2 i n 

agreement essentially (Table 32), and the different ratPs 

of increasing the concentration have apparent ly little 

direct effect . The survival results of the final ex-

perirnent are provi ded in Table 33 and tho median times 

of survival are plotted i n figure 7. This ficure reveals 

that once again a hyperbolic relation between the median 

time of survival and concentration is apparent , if con-

centration is plotted on 3. logr :r:i.+.lJ.'T!l;_c scal3. Estimates 
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of the median tolerance limits for various exposure periods 

were also obtained from the results of the final experi ­

ment und are indicated in Table 34. 

TABLE 31. 

INITIAL PROCEDURE: THE SURVIVAL OF Tilapia sparrmanii 

IN RAPIDLY IHCREASING CONCENTRATIONS OF SODIUM CHLORIDE . 

Number of fish used: 5. 

Date: March 1964 . 

Rate of concentration increase: 
3 %o per hour. 

Average temperature : 0 20.5 c. 

Concentration at 
which deaths oc­
curred (faa NaC1). 

Number of survi­
ving fish. 

Percentage 
survival . 

24 0 0 

TABLE 32. 

PRELIMINARY PROCEDURE: THE SURVIVAL OF Tila~ sparrmanii 

IN GRADUALLY INCREASING CONCENTRATIONS OF SODIUM CHLORIDE. 

Number of fish used: 10 

Date: April, 1964. 

Concentrati ons at 
which deaths occur­

red (%o NaCl). 

19 

20 

Rate of concentration in­
crease: 1 %o per day . 

0 Average temperature: 19.1 C. 

Number of sur­
viving fish . 

9 

0 

PercentaGe 
survival. 

90 

0 

TLm e s timate: not poss ible , would be be t ween 19 and 
20 %o. 
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TABLE 33. 

FINAL PROCEDURE: Tlill SURVIVAIJ ~HTH TIME OF Tilapia SJ?.arr-
manii IN DIFFERENT CONCENTRATIONS OF SODIUM CHLORIDE. 

Date~ July, 1964 1~cclimation: up to 16 %o. 

l ' 

Percen-lsurvi- I C J N b !AVer>lil" ' Time since :i~urnber oncen- um er t t. f f. m: tempe- start of of live tag~ , val ra lOn o l · . 
I (% N Cl. d Ira ture experlment fish. survl- !p obit 

oO a I use • (Oc). (minutes). val. I r • 
I 

i ; ; 
! 

I I 
17 10 20.1 4,054 8 80 5.84 

5,000 8 80 
I 

18 10 20.0 1,419 9 90 6.28 I 
2,244 7 70 5.52 
3,034 6 60 5.25 
5,194 5 50 5.00 

19 10 19 .8 176 9 90 6.28 
434 8 80 5.84 
694 7 70 5. 52 

1,624 6 60 5.25 
3,154 5 50 5.00 
49054 3 30 4.48 
4?474 2 20 4.16 
5, 194 l 10 3.72 

20 10 19.7 304 9 90 6.28 
634 8 80 5. 84 
844 7 70 5.52 
9.f4 6 60 5. 25 

1,407 5 50 5.00 
l, 624 4 40 4. 75 
2,234 3 30 4.48 
2,039 2 20 4.16 
3? 6 34 l 10 3.72 
t~? 0 5!~ 0 0 

21 10 19.4 239 9 90 6.28 
334 8 80 5.84 
363 7 70 5.52 
514 6 60 5.25 
574 5 50 5.00 
594 4 40 4.75 
724 3 30 4 . 48 

1 , 519 2 20 4.16 
2,234 0 0 

22 10 : 19 . 9 4 2<~ 9 90 6.28 
521'~ 8 80 5.84 
534 7 70 5. 52 
644 6 60 5.25 
784 5 50 j 5. 00 
804- 4 40 ! 4. 75 
844 3 30 i 4-.48 
854 2 20 I 4. 16 
874 l 10 3. 72 

l ,l3J 0 0 I -
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TABLE 34 

FIHAL PROC:SDURE: THE ESTir.TATED IVIDDIAN TOLERAI~CE LIKI TS OF 

Tilapia sparrmanii TO SODIUM CHLOHIDE lrOR DIFFERENT LE:i:~GTHS 

OF EXPOSURE. 

Length of exposure 
(minutes) . 

5,000 

l' <t40 

i 

I 
I 

1-fedian tolerance limit 
(% o NaCl) . 

:.7 . 9 

19.9 

Sodium sulphate tolerance: In sodium sulphate only 

a preliminary experiment uas performed with T. sparrmanii 

and the results , as given in Table 35, indicate that the 

sulphate tolerance of this~ecies is of the same order as 

that of T. mossambica . Similarly t o the latter species, 

T. sparrmanii appear to be far more sensitive to sodium 

sulphate than to sodium chloride or sea water . 

TABLE 35. 

PRELD.UNARY PROCEDURE: THE SURVIVAL OF Tilapia sparrmanii 

IN GRADUALLY INCREASING CONCENTRATIONS OF SODIUM SULPHATE. 

Number of fish used: 10 

Date: June, 1964 . 

1 

Ra te of concentration increase: 
0. ~~ 4 f.o per d8.y. 

AveragJ temperature: l8 . 3°C . 

poncentrations 1 

!at which deaths . 
occured ( ~~o r~t! I 

Number of sur­
viving fish 

Percentage 
survival 

Survival 
probit . 

6.66 

8.00 

10.22 

11 . 11 

11.44 

12.00 

12 . 44 

TLm estimate = 9 . 8 ~·o. 

9 

8 

6 

4 

2 

l 

0 

i 

! 
I 

90 

80 

60 

40 

20 

10 

0 

I 
I 
: 

6.28 

5.84 

5.25 

4.75 

4 . 16 

3.72 
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Sea water tolerance~ Only the final procedure was 

used in the estimation of the tolerance of this species 

to sea water . Initially a concentration r a nge of 17 to 

22 1~~ as suggeste d by the sodium chloride experiments~ 

was used , but only slight reductions in the number of sur­

vivors occurred. The :,roup from 18 jJO (' .. :hich was unaffec­

ted) v:as transferred to 23 ~.,o, and two groups of ten fish 

each, picked r2ndomly from the fish surviving in 17, 19 

and 20 r;;o I 9 were transferred to 24 and 25 %o respectively . 

Due to the unavailability of more fish of this Gpecies, 

this procedure had to be adopted to obtain median times of 

survival significantly shorter than the 5,000 minute obser-

vation period in order to indicate t hose concentrations 

which are definitely lethal to this~ecies. Tilapia ~parr-

manii does not tolerate sea water to the same extent that 

T. mossambi ca does , but is rr.ore tolerant of sea water than 

any of the other species tested in the present study. This 

conclusion i3 ba sed on the survival results of Table 36; 

the estimated median times of 3urvival are plotted in fi­

gure 8 which once again produces a hyperbolic relation be-

tween median time of survival and concentration on a semi-

logarithmic plot. Table 37 l ists the e s timates of the 

median tolerance limits for two di f ferent l engths of ex-

posure, 'Nhich are slightly higher than the Tlm rs obtained 

in sodium chloride for th8 same exposure lengths, 

TABLE 37 . 
FINAL PROCEDURE~ THE MEDIAN LIMITS OF TOLERANCE OF Tilania 
s:parrmanii TO SEA WATER DILUTIONS FOR DIFFERENT LEHGTES OF 
EXPOSURE~ 

Length of ex~osure 
(minute s • 

Medi an limit of tole r ancej 
(%o salinity). 1 

5,000 21 . 9 
1~440 24.6 
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TABLE 36. 

FINAL PROCEDURE~ THE SURVIVAL OF Tila-pi::t sparrmanii WITH 

TIJI!IE IN DIFFERSHT DILUTIONS OF SEA \'.'AT.GR. 

Acclimation~ up to 16 ~~o . 

I 

! . ;Average : Timc sinco T P8rcen- Survi-Concen- j lmmber It;:, pc- i '""t'" rt of Number taco t t · f f' b ' em. 1 ~ u f li · 
val \ ra lon . o 1 s ~ 1 I . o vu (% ) 1 d ra~ure experlment . f. , survi - probit. oo use • I ( \ ( . t ) ! l s11. 

I val. I c; . I 4nnr;, es ·I 
i i ! ! 

! 

i ! I i ! l 

i 

17 10 ! 20.5 I 4-9 320 i 9 90 6.28 I 
I 

I 
I s;ooo I 9 go I 

i I I 

I 
! 

18 I 10 20.5 51000 10 I 100 I I 

! I I 
19 i 10 20 . 4 

I 
31780 I g go 6.28 

I 
I 59000 I 9 go ' I I 

I I i I I 

20 i 10 20 . 4 59000 I 9 90 6 . 28 ! i i I ! 

I : 
21 10 20 . 6 2?115 I 9 90 6 . 28 I I 

I I 39555 I 7 70 5. 52 ! 
I I ! 39795 6 60 ! I 

(~ 1 335 4 40 4· . 75 

l i 59000 4 40 I 

I 
22 I 10 21.0 675 9 90 6.28 

I ! 29115 7 70 5. 52 
29595 I 5 50 5.00 I 3,795 rt Y-0 I 4.75 I 
5,000 I L~ 40 I 

I I 

I 
I 
I 

23 10 21.2 1 9705 9 90 6.28 i 
I I 

I 
2 9 -t25 I 8 80 5.84 I 

I 
3,1~5 

I 
7 

! 
70 5 . 52 I 

I 
31 925· 5 50 5.00 

I 
I 59000 ! 5 50 

I I l ! I 
24 

I 
10 21.3 55 9 

! 
go 6.28 

' C5 8 80 5.84 , 

i 4-60 7 i 70 5. 52 I 

I 
I 

i 1,025 

I 
5 50 5.00 

I t 
I 1,115 4 40 4. 75 
I 29425 2 I 20 4.16 i 
I 2,785 

I 
1 10 3. 72 I I 

I 
4,285 0 0 -- I 

! I 
I 

25 I 10 21 . 5 415 8 ! 80 5. 84 I 
I 

I 
I 

! 1 , 025 7 70 5. 52 ! 

I 1,115 6 60 5.25 
I 19 585 .. 40 4 .75 i '+ 

I 

I 19705 3 30 4 . 48 I 
I 29425 

I 
0 i 0 -

I i ! 
' 
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Seven fish were transferrcJ directly from 21 and 

22 7~, in which they had spent 5,000 minutes, to undilu-

ted sea water. They survived for periods varying from 

13<· to 274 minuteG. Tila]i~"2!-'§:.DiJ can therefore with­

stand only a limited e~po~urc to undiluted sea water. 

Shock no doubt plays an important part in reducing 

the survival time to theoe values, but until the uptimu.m 

rate of transfer to sea water can be determined , these va­

lues are the only ones avail~ble for use in any discussion 

on distribution. 

Sandelia co.pensis (Cuvier and Valenci·:;nnes), 1831. 

Sodium chloride t olerance: The results of Table 38 

were obtained from an initial experimant while the data 

from the prelimin~ry exp~rimcnt are supplied in Tabla 39. 

Its tolerance in the latt3r experiment wo.s apprec i ably 

low2r than in the initial cxperirEent and this species is 

therefore quite sensitive to lar;e differences in the rate 

of concentration increasa. The final procedure was also 

utilised and the survival figures cr.; r eported in Table 

40. Tho e0timates of the :rr.edian times of survival, where 

possible, are given in T~ble 41 1 and the median tolerance 

limits are supplied in Table 42 . From these results it is 

apparent that Sandelia capensis is one of the species 

that is fairly tolerant of sodium chloride. 

Sodium sulphate tolerance: Only the preliminary pro­

cedure could be applied in the estimation of this tolerance 

and the results are reported in Table t3 . In spite of 

the f a irly high sodium chloride tolerance of this species 

its sodium sulphate tolerance iR very low, indeed the low­

est reported in the present study . Unfortunately no sea 

water experime11ts could be undertaken to provide informa­

tion on the actual sea water tolerance of this species . 
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TABLE 38 . 

INITIAL PROCEDURE~ THE SURVIVAL OJ!' Sandelia capensis IN 

RAPIDLY INCREASING SODIUr.1 CHLORIDE CONCENTRATIOnS. 

Number of fish used~ 5. 

Date: March, l964n 

Rate of concentration increase~ 
3 r~o per hour. 

AvGr~ge temperature: 0 20.5 c. 

Concentrations at 
i.~umber of Percentage which deaths sur-oc-

curred ( /oO NaCl) . viving fish. survival . 

18 4 80 

21 0 0 

TABLE 39. 

PRELIMINARY PROCTIDUREg THE SURVIVAL OF Sandelia capensis 

IN GRADUALI~Y INCREASING COITCBNTRATIONS OF SODIUivi CHLORIDEn 

Number of fish usedg 10. 

Date~ June , 1964 . 

I 

Rate of concentration increase ~ 
1 1'oo per day . 

Ave rage temperatureg 

I I 

0 19.9 c. 

poncentrations 
J Number of sur-

I 
Percentage Survival 

~t which deaths i 
occurred 

I 
viving fish. I survival. probit . 

( %o NaCl). I 
J I 

I 

10 I · 9 : 90 
! 6 . 28 i I I 

12 i 8 I 80 I 
5 ~ 75 

i 
13 I 5 

I 
50 5.00 

I 
15 3 30 4 . ..}8 

16 l 10 3n 72 

17 
I 

0 
I 

I 0 I -
I 

I I 
! 

TLm estimate = 13. 2 ~o. 



TABLE 40. 

FINAL PROCEDURE: TH.:8 SURVIVAL WITH TI1ill Ol!, Sandelia ca--

pens is Ill DIFFERENT cor;cENTRATIONS OF" SODIUM CHLORIDE . 

Date~ February, 1965. Acclimation~ up to 12 ';'vo. 

Cone en- Number Average Time since !Number ! Percen- Survi-
tration of fish tempe- start. of ,of li\e tage val ' : 

C%o NaCl). used. ra~ure exper1ment 1 f" h survi- i probi t .. 
( C) . I (minutes) . · 

18 
• val. 

i :1 

I 6 . 28 13 10 21. 3 i 4,810 9 90 
I 

j I 1o,ooo 9 I 90 I -

14 10 21.2 485 9 90 6 . 28 
9,540 8 80 5. 84 

10,000 8 80 -
15 I 10 20 . 7 4,810 9 90 6.28 

I 
7,800 8 80 5. 84 

10,000 7 70 5. 52 
I 

16 10 I 21 .0 
I 

1,930 9 90 6.28 
I 4,810 7 70 5. 52 
I 5, 830 6 I 60 5.25 

I 
7,800 4 40 4.75 I 

I 
10,000 4 I 40 -

' ! 
I i i 

I ' j 

TABLE ~-lc 

FINAL PROCEDURE: THE l~STIHATED r~~DIAN TEviES OF SURVIVAL 

OF Sandelia capensis IN DIFl!,ERENT SODIUr.i CHLORIDE CONCEN­

TRATIONS. 

Sodium chloride concentra- ;:,:edj_an times of survival 
tions C%o NaCl) . (minutes) . 

13 no estimate possible 

14 no estimate possible 

15 17,780 

16 6 , 683 

I 
I 

I 
I 
I 

I 
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TABLE 42 . 

FINAL PROCEDURE: THE ESTHiATED mEDIAN LI!\:ITS OF TOLERANCE 

OF Sandelia capensis TO SODIUM CHLORIDE FOR DifFERENT 

EXPOSURE LENGTHS . 

Lengt h of exposure 
(minutes) . 

Median tolor&nce limit I 
(%o NaCl.) _j 

10 , 000 15 . 6 

5,000 17 . 8 

1,440 no estimate possible 

TABLE 43. 

PRELIMINARY PROCEDURE: THE SURVI VAL OF Sandel i a capensis 

IN GRADUALLY INCREASING CGNCEITTRATIONS OF SODIUT.1 SULPHATE. 

Number of f i sh used~ 5. 

Date~ August , 1964. 

Rate of concentration i ncrease: 
0. t,_4 %o per day . 

Average temperature~ 22 . 1°C . 

Concentrat ions J.{umbG r of sur- Percentu.ge Survival at vvhich deaths 
occurred c~sq). viving fish . survival. probit . 

l. 33 4 80 5. 84 

l. 77 3 60 5.25 

4. 88 2 ~0 4. 75 

5. 33 l 20 4. 16 

5. 77 0 0 -

TLm estimate = 2.8 %o . 

It has been noted that the semilogarithmic relat ion-

ship between median time of survival and Sodium chloride 

or sea water concentration can be described by a lzyper-

bola. This is certainl y true in figures 6 and 7, but 
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less strikinG in figures 5 and 8 where a straight line 

could adequatel y define the rdaticn3hip . The striking 

hyperbolic nature sho·.vn in f i gures 6 and 7 is adeque..tely 

defined by the function: 

CnT = k 

'!There C = concentr~tion 

T = median time of survival 

n and l{ = constants 

which has been found to define the action of ntllierous 

toxic agents on fish (Jones 1964) . It is therefore not 

surprising thdt such a relationship should define other 

physiologic2.l stress conditionso From these curves it is 

possible to place some confi~ence upon threshold limit s , 

estimates of vrhich are taken from fi2;ure s 5 , 6, 7 and 8 

by dropping a line from the asymptote to the salinity or 

sodium chloride axis. ThG::Je estiruates are summarised in 

TABLE 44 . 

THRESHOLD CONCENTRATION ~STII1iAT~S . 

Species Solution Threshold 
consentration 

fBarbus ho lubi NaCl 9% 
sea wt~.ter l47v 

Tilapia sparrmani i NaCl 18JS 
sea water 21% 

FREEZllTG-POINT DE~Eill~INATIONS ON THE SERDlii OF CYPRI­
l.1TID8 ~ 

The two cyprinids used for these experiments 1 Bar-

bus holubi and Labeo umbratus, '.<rere both subjected to 

freshwat8r and to dilutions of sea water to obtain serum 

samples for froezing-point depression measurements . While 

different dilutions of sea water were used for these two 
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species (since their sea water tolerance differ as indi-

cated previously and the dilutions ~ere required to be 

definitely lethal) both s:pectes show a large increase in 

the serum freezinc3-point de..t)re 3sicn at the point of death 

i n the sea v1c. ter dilutions in comparison with the values 

obtained in freshwater . At these lethal salinity levels 

with the high v21ues of external environment freezing­

point depres.:;ion (indicated ns 6 e in Tables 45 and 46), 

the freezing- point depression of the serum (indicated as 

~i) may be nearly doubled, as is indicated from both 

these Tables and from figure 9. 

TABLE 45 . 

THE FREEZING-POINT DEPRESSION OF THE S:2RUH OF Barbus holubi 

AT VARIOUS DILUTIOI~S OF SEA WATER. 

Date: June , 1965 . 

I 

Number oflstate of fish ~alinity of /' /\ . 
~c -l 

vn ter . (oC) fis:-n used~ at sampling. (OC) . 

0 ~~0 +0.0l..j.~0.051) 1 Alive + ,-0. 54 3-0 DL9 
: 

13 C!f'.o -0 . ?6o::.to.o21 1 Point of ~0. 84 ?::to .033 I . 

death. I 

_l i 

TABLE 46. 

THE FREEZING-POINT DEPR3SSION OF 'PHE S.J.i;RUM OI· Labeo umbra­
tus AT VARIOUS ~A ~ATER DILUTIONS. 

Date~ June , 1965 . 

~alinity of 6e !Number of State of /\ . 
~l 

~ater (foO). (oC) . fish used. fish at ( oc) • 
S9.mplingo 

0 +0.014±0 . 05'3 2 Normal -0.5192:0.027 

Normal -0 . 49S::.to .o27 

18 1-0, 885:':0 , 018 1 At point -0.9822:0.036 
of death. 

i 

I 
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Labeo umbratus was ~lso subjected to solutions of 

sodium sul~hate in order to obtain some information on 

the effect of this solute on seruru. freezing--point de -

pres3ion . The data are reported in Table 47 from whi ch 

it is concluded that th8 s0.rum freezing-point depression 

is not affectc~d .:ven by lethal concentrations of this 

salt , since ~t the latter concentrations the external en-

vironment is still hyposuotic to the blood of the fish . 

The cause of death in these concentrations cannot there-

fore be ascribed to osmotic failure , which occurred in 

both species tested in sea '.:ater , and must probably be 

due t o s ome toxic action of the s odium sulphate. The 

relation between the serum and the external environment 

va lues is illustrated graphically in figure 10. 

TABLE 47 . 

THE FREEZING-POINT DEPRESSIOHS OF THE SERllM OF La be o urr.-

bratus AT VARIOUS SODIUM SULPHATE COHCZNTRATIOl~S. 

Date: June, 1965 . 

-. 

I 
• ! 

fconcentra- 6 e State of 6. I 

Numbor of 
I 

tion of fish o.t l I 

( oc) • fish used ( oc). I 
Na2so4 (%o)ol sampling. I 

I 

.+0. 014=t:0 . 059 + ! 
0 2 Normal -0.519-0.027 I 

f0.329:':0.005 

Normal -0.4982:0.027 I 

10 2 NonJ.al -0.499=t:0.017 

Normal -1 . 0 35=t:0. 15::~ i 
I 

I 15 -0.457=t:0 . 016 4 Temp ora- -0.567=t:O,Ol6 , 
! 

ry loss . 
I 
I 

of equi-
librium 

I do -0 . 5812=0.015 
I I 

Perma- -0.572=t:o.oog 
nent 
loss of 

I 

I 
equili-

I brium 
I 

I 

l I ! do -0. 514:!:0 .014 . . - . · ~ Thls sample was very llkely contamlnated • 
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GILL HISTOLOGY 

The histologicQl prep~rations indicate that no sig-

nificant differences exist between the sections obtained 

from B~rbus holubi exposed to sublethal concentrations of 

sodi um chloride 9 and the sections obtained from B. holubi 

frOL! freshwater. 1\lo evidence wa s found of any cells which 

approximate S-cello in structure in any of the gil l sec-

tions examined. It can be concluded that S-cells are 

absent from Barbus holubi under these conditions. 
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5. DISCUSSION. 

ZOOGEOGRAPHICAL ASPECTS . 

9omparative tolerances to various solutions . 

The estimated median limits of tolerance of the 

various speci8s to sodium chloride, sodium sulphate and 

sea water are suL~arised in Tables 48, 49 and 50 re­

spectively . The median time of survival estimates from 

the sodium chloride and sea water experiments are com­

pared in figures 11 and 12. Where more than one 24 

hour (1440 minutes) median tolerance limit estimate is 

available for a given species in a specified solution, 

the estimate from the final experiment was used, since 

it i s statistically more reliable than the preliminary 

estimate . Where no estimates from the final experiment 

are available, the preliminary estimates are used. The 

estimates for the other exposure periods are obtained from 

the final experiments . For comparison between the va­

rious species the 24 hour median tolerance limits a re 

used, since it is the only estimate which is available 

for all the species tested. While this exposure period 

has no special biological significance, it provides a 

useful indication of short term tolerance and can there­

fore be used for comparative purposes. For those spe­

cies for which data are available the threshold concen­

tration can also be used as a very useful means of com­

parison (Table 44). 
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TABLE 48 . 

THE MEDIAN TOLIRANCE LIMITS OF VARIOUS SPECIES 

Tv SODIUM CHLORIDE. 

Length of exposure (minutes) 
Species 

I 
I 

1,440 5,000 10,000 I 

I 

Ti1apia mossambica 21 . 2/.)0 - -
I 
I 

I 
T. sparrmanii 19. 8~;0 17. 9~~0 -

Barb us pa11idus 187ho - -

Sande1ia capensis 13 . 2foo 17. 8%o 1 5. 6%o 

. B. as per. 17%o - -

B. ho1ubi. 11.8%o 11.4%o 10.1%o 

Lab eo umbratus. ll%o - -

B. afer . 8%o - -

B. trevelyani . about 71~o - -

TABLE 49. 

THE ~EDIM~ TOLERANCE LI~ITS OF VARIOUS SPECIES 

TO SODTG:.~ SULPHATE. 

I 
Exposure lengths (minutes) 

Species 

I 1 , 440 5, 000 10,000 

L. umbratus . 15 . 21~o - -
T. sparrmanii . 9 . 8~~0 - -

T. mossambica . 8. 91->o - -

B. pallidus . 7 . 1%o - -

B. holubi. 6 . 8%o 5. 3%o -

B. trevelyani . 3 . 1%o - -

s . capensis . 2 . 8%o - -
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TABLE 50 . 

THE MEDIAN TOLERANCE LIMITS OF VARICUS SF:CCIES 

TO SEA WATER. 

Exposure length (minutes ) 
Species 

! 1,440 5,000 
I 

T. mossambica . 3 5)'oo 35%o 

T. sparrmanii. 24 .. 6%o 21 . 9%o 

B. holubi. 16.1~->0 14 . 1r~o 

B. pallidus . 15?~0 -

L. umbrat us . 15)bo -

On the basis of 24 hour median tolerance limits 

the two cichlids , Tilapia mossambi ca and T. sparrmanii 9 

have the highest tolerance to sodium chloride, but are 

not much more tolerant than some of the cypri nids , es-

pecially Barbus pallidus and. B. asper . The cyprinids 9 

however, vary widely in their tolerances. Sandelia 

capensis exceeds ~ost cyprini ds in sodium chloride 

tolerance . These interrelations are also borne out 

by the longer term median toleranc e limits, where ap-

plicable . 

Labeo umbratus is the species Lwst tolerant of 

sodium sulphate , followed by the t· .. ·o cichlids and the 

Barbus species . Sandelia capensis has a very low sul-

phate tolerance . Tilapia mossambica exhibits the 

highes t tolerance of sea water and lives in undiluted 

sea water for at least 5, 000 minutes. Of the remaining 

species, T. sparrmanii is the most tolerant , but thi s 

species certainly cannot tolerate undiluted sea water 

for longer t han a few hours . The three cyprinid spe-

cies tested ·.vi th sea water have approximately equal 
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tolerances of sea water dilutions and, like Barbus 

holubi, B. pallidus and Lab eo umbratus will probably 

survive only a few minutes in undiluted sea water. The 

estimated threshold concentrations support the above con-

elusions on differences between species . 

SALINITY TOLERATTCE AlJD SE.'l DISPERSAL 

Sea di s pers kl under normal conJitions: Tilapia 

mossambica with its ability to tol c.. r ate sea water for ex-

tended periods will no doubt be able to disperse through 

the sea from one river to another . That it in fact has 

done so is indicated by its present-day distribution in 

Southern Africa, since it occurs naturally in the Tran-

skei rivers while i ts low cold tolerance, as es tablished 

by Allanson, ~rnst and Noble (1965), prevents it from 

utilising high alti tude river capture which is the only 

other way in which it could have attained its present 

distr ibuti on r ange in the Transkei and the Eastern Pro-

vine e. 

Tilapia sparrmanii has a lower salinity tolerance 

than T. mossambica and will not be able to disperse 

through the sea under normal conditions. 

Barbus holubi is even less t olerant of s ea water 

than the cichlid s pecies. The absenc e of this spec ies 

and other closely related species from the Eastern Pro-

vince riv ars must be due to the evolution of this 

species in the Orange system after the river captures , 

which have assisted in the dispersal of other species 

into the Eastern Province, had already taken place. 

External environmental conditions do not appear to have 

had a limiting effect on its distribu t ion since this 

species has a high cold tolerance ( ~rnst, personal com­

munica tion) and has thrived in small introduction ex-

periments in the Eastern Province (JuLJ , 1965, Gabie, 

1965). 



The sea water tolerance of Labeo umbratus is of the 

same order as that of ~~olub~, ru1d its Eastern Province 

Qis tribution in the major rivers only ~lso indicate that 

it has not made use of the sea as dispersal route, since 

it should occur in at least some of the other rivers as 

·,vell if it had diE'persed throug~ the sea. L. umbratus 

is distributed over a far larger area of Southern Africa 

than B. holubi . Since both are large cyprinids , which 

would experience s~~ilar difficulties in the dispersal 

process , the only adequate explanation seeos to be 

that L. umbratus ~as been present in the Orange River 

.Jystem far lone:;er than B. holubi and could disperse 

through freshwater links, which were no longer available 

when B. holubi evolved in the Orange system. 

Barbus pallidus also has a low tolerance of sea 

water which would prevent it from dispersing through the 

sea. Its distribution pattern is very similar to that 

of Tilapia sparrmani~ (Jubb, 1963) and can therefore be 

co~sidered as the result of distribution through fresh-

water links. 

No data are available on the actual tolerance to 

sea water of the other species tested in the present 

study . From their 24 hour tolerai'lc es of sodium chlo-

ride, which are in all cases less than that of ~parr­

manii which cannot tolerate undiluted sea water, it 

appears that none of them will tolerate undiluted sea 

water . Supporting evidence is provided by the dis-

tribution ranges of these species . Barbus asper has 

closely related species in the Orange River system and 

in Natal (Farquharson , 1962) but none in the more iso-

lated Transkei reBion where sea dispersal is the only 

possible method of entering the region . 

which is very closely related to ~. asEer, has a very 
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limited distribution and with its low sodium chloride 

tolerance, in con1parison with that of B. holubi or L. 

umbratus, its sea Ymter toler ance is expected to be very 

low. B. trevelyani is confined to the Buffalo River and 
'-

its expected tol8rance of sea v1ater should be of the same 

order as that of B. afer . The pres2nce of closely re-

lated species in the Orang e River and the Natal systems 

indicate that the ancestral form of B. trevelyani must 

have reached the Buffalo River through f r eshwater links . 

On the basis of its sodium chloride tolerance, which 

is slightly less than that of T. sparrman~i, it is ex­

pected that San delia capensis ·will not tolerate undiluted 

sea water. 

Diluted sea. water and dispersal: Low tol8rance of 

~ea water dilutions does not necessarily rule out all 

possibility of dispersal through the sea . Species that 

are unable to tolerate long term exposure to small dilu-

tions of sea .vater, do however, live fo r varying short 

periods in undiluted sea water in direct-transfer experi-

r.:tents before showing signs of partial loss of equilibrium, 

f rom which no recovery a::_Jpear s possible. Under very 

favourable conditions this period may be long enough to 

allow dispersal through the sea . The average distance 

between river mouths in the Eastern Provinc e area is ap-

proximately 4 miles and v:i th a maximum recorded inshore 

current of about 4 knots (Harris, personal communication), 

the more tolerant species may just be able to survive the 

hour i n sea water which is required for t he current to 

transport the fish to the vicinity of a neighbouring 

river mouth . Serious difficulties, however, arise in 

the lon~ drowned estuaries of the Eastern Province coast, 

s ince the fish will take an appreciabl e time to traverse 

such an estuary to reach sufficic:n·~ly diluted v·ater in 



which it can recov ~ r. Since even medium-sized rivers such 

as the Kowie and the Bushmans Rivers have estuaries of ten 

miles and longcr 9 the fish will certainly not be able to 

s~im very far before succumbing to high salinity. Bven 

if the fish is swept up the estuar~T by tidal currents it 

is very unlikely that any species other than Tilapia 

mossambica would survive the extended exposure to nearly 

undiluted sea water. In the Kowie River , for instance, 

the fish may have to spend approximately four hours in 

v1ater of high salinity before reaching a body of water 

which is fresh enough to allow r ecovery (Stocks, per sonal 

communication) . Under conditions of exceptionally heavy 

runoff in the rivers, the fish may enter freshwater very 

near the mouth of the river, or even outs ide the mouth, 

but the strong outflowing currents of water will serious­

l y hinder or prevent the fish from entering the river . 

At low tides after heavy rains, salinities as low as 6 . 04%o 

have been reported from the Kowie River estuary 9 at a point 

about half a mile from the mouth (Hill, personal communi­

cation), which woulJ certainly allow even the sensitive 

cyprinids to survive . :iJo information is however avail-

able on the behavicur of sea currents under these condi­

tions, and dispersal by thi s method must be considered 

as yet unproven, since it certainly has not allowed any 

of the cyprinid species to enter the Transkei rivers . 

Another mechanism which could assist in the dis­

persal of intolerant species through the sea is the for­

mation of isolated freshwater masses drifting on the 

denser sea water. There is little doubt that such 

freshwater "parcels" may be present under favourable 

conditions in currents (Mauchline and Templeton, 1964) 

and where mixi ng processes are limited in scope, such 

as in the longshore currents Di thin the breaker zone. 
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The estimated threshold concentrations for B. holub i 

and T. sparrmanii indicate that where the stay in sea 

water is in any way being prol onged, the degree of 

dilution required to enable dispersal is considerably 

increased. Harris (personal communication) is of 

opinion that this mechanism does not operate off the 

very open coast of the Eastern Province and cannot ther e­

fore contribute to the dispersal of fish through the sea . 

As far as c an be asc ertained dispersal through the sea 

between Eastern Province rivers is only possible for 

those species tolerating undiluted sea water . 

Available data indicate that during certain stages 

of the Pliocene and Pleistocene , when the distribution 

is suggested to have taken place, the rainfall over 

Southern Africa was larger than at present . Van Zinderen 

Bakker (1965) and Cooke (1965), however, agree that at its 

most the rainfall never exceeded 150~"' of t he present 

average rainfall and it must therefore be concluded that 

these conditions could not have assisted materially in 

the dispersal of intoler 3nt species beyond the possibili­

ties available at yresent. 

General conclusions: Data from the direct-transfer 

experiments , the 24-hour tolerance limits and the thres­

hold concentraticns all i ndicate that it is highly un­

l i kely that any species , other than !ilapia mossambica, 

could have di spersed through the sea . From these 

figures it is evident that a considerable degree of 

dilution is necessary to enable even Til apia sparr manii 

to make use of this distribution route. Accordingly 

the probability of such a degree of dilution occurring 

under the conditions that prevailed during the Quarter-

nary period is extremely small. The distribution 

patterns of the :Sastern Provtnce ~:Q'='C:iP.R fu:.:-the:=- indicate 



that only i n the case of Til~pja mossambica has sea dis ­

persal played any role at all . All the other species 

are l ess tolerant of sea water and their dispersal can be 

explained in terms of freshwater links . The only secon-

dary division species in the present study is therefore 

~p~mbic~-' vvhile all the other species, including 

T. sparrman~J._ , a::c0 rnemb ers of the prima:cy division . 

This conclusion contradicts the general scheme of 

Lyers (1937) and of Darlington (1957), which consider all 

cichlids to be members of the secondary division . It 

must therefore be concluded that the fa.:nily is an unsatis­

factory unit for expressing salinity tolerance for zoo­

geographical purposes . The ideal unit for this purpose 

is obviously the species, although Heuts (1947) has de­

monstrated that even different subspecies may differ 

appreciably in their tolerance of sea water. For prac-

tical purposes some larger systematic unit could be used 

for expressing the salinity tolerance, but it will de­

finitely not be the same unit in all famj_lies . In the 

light of the available evidence , the sub-family Cyprininae 

will be suitable for African cyprinids, since they all 

appear to have a lov-1 sea water tolerance . Among the 

cichlids, however, physiological groups of species are 

the only combinations with consistent tolerance of sea 

~ater . The genus Tilania can be subdivided into t~o 

different physiological groups. Tilapia mossambica 

with its high tolerance belongs to a different subbroup 

of the genus than ~j_lapia sparrmanii and T. melanopleu~~ 

Dumeril, 18 59 , which c onsti t-u tes a low -:oleranc e group. 

pistribution ranges and to1erarr9e of sodium chloride 

and sodium sulphate. 

Comparison of the chemical composition of various 

local river watel'3 (Table 51) <:DC: -:;~1.8 ::::o:::!.::.u:n chloride 



70. 

and sodium sulphate tolerances (Tabl ~ s 48 and 49) of the 

various species, indicate t:nat the ncn-continuous distri­

bution within the ""':astern Province exhibited by most spe­

cies (Barnard! 1943; Farquharson, 1962) is not due to 

the relatively hi~l salt contents of some of the rivers 

since the 24 hour scdium chloride and sodium sulphate 

toleranc es of even the most s ensitive species, Barbus 

!reve~ani, far exceeds the reported concentrations. 

While the concentrations tolerated under conditions of 

long-term exposure are expected to be lower than the 

short-term tolerances determined in the present study, 

observations during the acclimation phase of the experi­

ments indicate that ~ll the species tested should easily 

survive continuous exposure to the maximum concentrations 

reported . Other reasons for the discuntinuous distri-

bution patterns must therefore be found. One possible 

cause of such a pattern appears to be lack of cold tole­

rance, at least in Tilapia mossambi~, as indicated by 

All ans on, Ernst and =~cble (1965). Other important 

f actors in this respect a re ecological c~Jpetition for 

food or other requirements , and t he absence of suitable 

freshwater l inks at those times wh~m a l)arti cu lar species 

is in a position to utilise them . All these factors 

would limit speci es t o those rivers in which they can 

survive and have been able to reach previously. Fur-

ther information on the ecology of the fish concerned 

and especially on river captures is essential to explain 

the present di stribution patterns . 

Labeo umbratus, whi ch has the highest tolerance 

to sodium sulphate of all the species t ested, is found 

in the brack rivers of the Eastern Province which have 

a higher sulphate content than the other rivers . 
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TABLE 51 . 

THE CHEMICAL Cm.iPOSITI ON OF THE WNJ.lER OF SOME EAS TERN 

PROVI NCE RIVERS : (I.iAXH'IUI.: CONCENTRATIONS REPORTED , IN 

TERMS OF SODIUL CHLCRIDE AND SODIU£1 SULPHATE) . 

~~x~mum~n~entrati o~ Source 
Rive r of da t a 

NaCl (ppm) na2s 0 4 (ppm) ! 
: -

Buffalo 435 93 I 
I l 

Keiskama 23 3 
I l I 

Great Fish syst em 1 ,100 149 l 

Kowi e 1 ,005 64 l 

Gamtoos system 4 , 971 not known 2 

Kromme 126 1 5 3 

I Van Staden ' s 131 15 3 
! 

Explanation_! 1 = Depart ment of '1i?ater Affairs , Pretoria 

2 = Resident Engineer, Gamtoos Canals , 
Patensie 

3 = City Engineer, Port Elizabeth . 

Its high toleranc0 could be of some value dur ing 

V8ry dry years , when the fish from the lower reaches will 

be confined to standin~ pools subjected to evaporation . 

On the other hand, the species with the lowest sodium 

sulphate tolerance, ?andelia capensis, is limited to 

the soft water of the shorter coastal r ivers and to the 

fresh Kougha tributary of the Gamtoos system , but do es 

not occur in the compar atively "br acki' Groot t r ibutary 

of t he same river (Bar nard, 1943). In the "brack" 

r i vers high sulphate values caused by evaporation during 

occasional dry seasons, could act as a limiting factor 

on this species . Unfortunately no indi cation of the 

maximum sulphate concentration experienced under t hese 

! 

I 
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conditions is available and the effects of the combined 

action of high clilortde and sulphate concGntrations on 

this and other species are as yet unknown, so that no 

definite conclusions can be reached. 

It is interesting to note that the two species with 

the lm'>•est tolerance of sodium chlo:L~ide, Barbus trevel 

yan~ and ~_._afe£, are also limited in distribution to 

one or only a fev1 SiltC:.ll coastal rive:rs respectively, 

which are all very low in total dissolved solids. It 

is however doubted nhether the sodium chloride levels of 

the other local riv8rs could rise to such an extent as 

to be a limiting factor in the survival of these two 

species 9 since both of them can tolerate concentrations 

of at least 7~o for 24 hours. Other additional factors 

must therefo:l..'e also play a role in the limited distribu­

tions of these two species. 

PHYSIOLOGICAL ASPECTS. 

Specific tolerances to different ionic solutions. 

\!Vhen the tolerances of a particular species to the 

three types of solutions used are compared, a common 

tendency is oxhibited by ~ost of the species tested . 

In most cases the tolerance to sea wat3r exceeds the 

sodium chlorj.de tolerance which is much higher than the 

tolerance to sodium sulphate, all tolerances expressed 

in terms of concentration. This pattern is observed 

in ~?,:rbus holubi, Tilapia mosS~!Jlbica and T. sparrmani~­

and is partially evident in B. treve±Yani ~nd ~and~l~a 

capensis. The exceptions are ~ · pallidus in which the 

sodium chloride tolerance slightly exceeds its sea 

water tolerance, and Labeo umbratus Vlhich has a sodium 

sulphate tolerance of the same order as its sea water 

tolerance, both of which exceeds its sodium chloride 

tolerance. The general ten~ency applies to both short 
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and long term exposures, where data for the latter are 

available. 

Frcm this general pattern the physiological effects 

of each type of solution can be deduced partially. As 

has been remarked earlier, concentration increase is used 

as a convenient measure of increasing osmotic pressures 

and of changing ionic proportions. The relative roles 

of increasing osmotic pressures and of changing ionic 

proportions can be determined v:hen the lethal concentra­

tions of the three solutions are set out ~ith the osmotic 

pressures of each of these concentrations as is done in 

Table 52 . It is iumediately apparent that in some so­

lutions the fish survive at osmotic pressures which are 

far higher than the osmotic pressures at which they die 

in other solutions" Indeed the solution with the 

highest osmotic pressure for a given concentration is 

the one the fish tolerate the best, that is sea water 

dilutions. The solution to which the fish are the most 

sensitive, sodium sulphate, has the lowest osmotic pres­

sure of the three . Since osmotic pressure (per se) is 

not responsible for the difference in tolerances, the 

ions present in each type of sclution ...;.mst play an im­

portant part. In sodium sulphate, the osmotic pressure 

at which the fi sh die is so much low~r than the osmotic 

pressures they can tolerate in sea water or sodium 

chloride, that it is certain that this solution has some 

toxic action . In a sodium sulphate concentration of 

l~o the number of millie-quivalents of sodium present 

is 9 . 28 as compared to 37.4 milli-equivalents of sodium 

present in a 1%o solution of sodium chloride . While 

the sodium ion is known to be toxic to some degree 

(Doudoroff and Katz, 1953), the number of sodium ions 

in a sodium sulphate solution is therefore far less than 
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the number of sodium ions in a sodium chloride solution 

of tlle same conc entration (which the fish tolerates 

better), and so1ium cannot therefore be responsible 

for the toxic effects of sodium sulphate. Thus the 

sulphc.te ion must ha.ve some toxic effec t on the fish, 

since it is the only other constituent. 

TABLE 52 . 

TH~ TOLERANCE CF THL VARIOUS SPLCIES TO DIFFERENT IONIC 

SOLUTIONS IN TERI~lS OF THE OSMOTIC PRESSURES TOLER.dTED 

FOR 24 HOURS . 

I 
__, 

24 hour median tolerance limits 
! 

to i 
I 

I 
""I 

!~aCl Na2sc4 Sea water I 
! i 
t Species I 

I 
I 

I Osmotic I I 

j Osmotic 
I 

Osmotic I 
j· ... o I pres- 7~o I pres- ?'-'0 

pres- I 

I sure I sure sure ! 
(atm.) ! ! (atm . ) (atm.) i 

I 

i I 
- --

: 

T. mossambica 21 . 2 17.4 8.9 4. 5 35 : 30.3l 
I i 

T. sparrmanii 19.<:3 16.2 9.8 4. 9 24.6 ! 21 .3 I 

I B. pallidus I 18 14.7 7.1 3. 6 15 12 .9 
i 

s. capensis I 17 . 8 14.6 2.8 1.4 - -

B. as per 17 13.97 - ' - - -
B. holubi 11.8 9.7 6.8 3.4 16.1 13 . 9 

L. umbratus I ll 9.0 15 . 2 7.7 15 12.9 

B. afer 8 6.5 - - - -

B. trevelyani I 7 5. 7 3.1 1. 57 - -
I 

Osmotic pressures calculated from P = icRT with i = ionic 
constant, c = molar concentration~ R = gas constant, 
T =absolute temperature (Moore 7 1960). 

The difference in tolerance to sea water dilutions 

and to sodium chloride solutions cannot be explained in 

terms of osmotic pressure either, since the most species 

tolerate higher osmotic presnurcs in see water than in 

I 

·-
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sodium chloride. The difference bJt~een the osmotic 

J:;ressure tolerances in these two solutions is 1 however, 

smaller than the differ ence between the osmotic pressures 

tolerated in soui um cul2?hate and sea v·at<:.r r espectively . 

The phyeiological <lifferences betv:een s ea water and sodium 

chloride solutions are therefore smc.ller than b ;tv·een sea 

Hater 'lnd sodiu..Ji sulplu.t& . The >li :?;htly lo· . .:er tolerance 

of sodium chlori de c~n b e expl ained partially by the 

sli,;htl y higher concentration of s odiu, 1 ions in a sodium 

chloride solution than in a sea water dilution of the 

::::ar .. 1e weight per volume concentration? vJhicl: would have an 

incr~ased toxic effect on the fish . In addition the 

presence of other ions in the sea water makes sea wat er 

a socalled "balancecl 11 solution (Jullien et a l . , 1959) 

~ith an optimal i onic co~position, which gives rise to a 

higher tolerance of sea water by the fish . The toxicity 

of high concentrations of sodium ions has been well docu­

mented by Doudoroff and I~ ·:1tz (1953 ), ·;;hile Garrey (191 6) 

and Jullien et al . (1959 ) hc:.ve found t:1at the solution 

of mixed salts , vJhich has the least toxic effec t at high 

concentrat ions on fish 9 is one with a compos i tion closely 

approximating that of s ea water. l~rther experiments 

have :._.;roved that the i r.1port ant ions i n t his latter re­

spect are the divalent magnesium and c~lcium ions . 

Heilbrunn (1956) and Brown and D3.niel li (195L~) ascribe 

the action of these diva lent ions to the stabilisation 

of cell membranes and the reduction i n permeability 

which they produce . 

The differences in tolerance to a cGrtain solu­

tion , which are exhibited bet ween the various species, 

cannot be adeQuatel y explained in terms of present 

physiologi cal knowl edgeo In part it muot be due to 

differences in osr:to-reGu l atory and ionic-regulatory 
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ability and in part to differences in the susceptibility 

of the body to toxic factorG once regulation is reduced. 

The actual physiological mechanisms operating in this 

case would provide an j_nteresting field for f uture 

inv8stigation. 

Further i.nformation on the physiological action of 

the different ions is provided by free~::. ing-point depres­

sion data. In Barbus hvlubi held in a lethal concen­

tration of sea water 9 dea th is correlated ~ith a rapid 

increase in osmotic ~ressure of the blood, which indi­

cat~s loss of osmo-regulatory ability, as is evident 

frt-m figure 9. The same phenomenon operates in Labeo 

umbratus in lethal levels of sea water, but since the 

sea I"Jater concentr3.tion is higher than in the case of 

B. holubi , the final f reezing-point depression of the 

Labeo serum i s also higher. I n both ·cbese specie3 

osuoregulation breaks do'.m and the fish become isosmotic 

to the environment. These results do not allow any 

explanation of the sliGht difference in sea wat er tole-

ranee b etween these species. The very small increas e 

in osmotic pressure of the serum observed 1,Jhen Lab eo 

umbratus is exposed to sublethal and lethal sodium sul­

phate concentrations confirms the postulated, t oxic 

effects of the sulphate ion . 

The ~xmptom seguence in harmful concentrations. 

The sGq_uence of sy~1ptoms 9 as observ8d in a parti­

cular species, is t he r esult of the progressive action 

of the lethal factors on the phys i ology of the fish . 

Many of these symptoi!!s have also been described from 

fish exposed to to~;:ic substances 9 for instance heavy 

netals , or to abnormal temper atures , so that they do 

not d epend on the actual cause of the da:mac:se, but are 

the product of a geners l physiolobi~al breakdown process . 
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The white precipitate produced oy some of these 

fresh-.7ater species has a mucous nature, and is probably 

due to the precipitation action of high salt concentra­

tions on the mucous produced by exposed epithelial tissues, 

esnecially the sills . Why this precifitate has been ob-

served in some species only, and a.lso not in all the 

solutions to which the sp&cieG in which it is found are 

ex].>osed , is ihlpoosible to say . 

The sensitivity of the fish to disturbance, their 

ra2id movements ~!d t he eventu3l partial loss of equili­

brium indicate definite interference with the norr:;al 

fun.,tioning of the central nervous system. Similar 

oympto.::;_s have also b::en observed in low temgerature '7vork 

on fish, by Ernst (personal communication) and by the 

prssent author . At these lo,-. temperatures, the symptoms 

are a ccompanied by a slowdovm of the idpulse transmission 

rate in the nervous s~stem , as demonstrated by Roots and 

Pros ser (1962). Similar interference ~ay result from 

inefficient OSQotic and ioni c regulation, since the 

operation of the :aervous system depends to such a large 

degree on a const2.nt internal environment e.nd constant 

ionic concentrations cf the extracellular fluid . The 

muscular tetany o·oserved on death in some Tilapia s;earr­

manii can also be explained in t ~ rms of os~otic inter­

f erence ~ith the muscle cells, ~hich are also dependent 

on the ionic conteut of the body for corr~:ct functioning. 

A different point of view is held by Jullien et al . (1959), 

who consider that the respiratory processes are the first 

to ""be affected by loss of regulatory abilities, since 

ingr ess of salts disrupt the acid·-base bJ.lance of the 

blood, and therefore also the oxygen-car rying capacity 

of the blood, This would 110t only interfere with the 

functioning o:: the central nerv~n:s :JysteM, but soon leads 
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to death. It can be added that Sandelia capensis never 

made use of its supra-brcnctial respiratory chamber by 

g-ulping air. Th e sugges-IJ:?d interference i:i th respiratory 

proces.::;es is not supported by this observ_:tion. The 

actual pby:-; iolo_.;ieE>.l i}rocess \">'hich causes eventual ueath 

is therefore 8till G~en to doubt. 

Anot:C1er s~r1;1ptoL of damage by hi~h salt cunc entrations, 

obsexved in sOli1e species, consists of a dar'.\:ening of the 

body 9 often accoiJJpanied by an enhancement of e the r body 

colours in Tilapia spar~nii. Th::i_s chant5e in colour is 

due to the dispersion of chromatophores \"ii thin the skin, 

nhere they are normally present in the contracted state, 

and can also be explaL1ed in terms of the ~ncreased salt 

content of the body :follm.ing the impairment of osmotic 

and/or ionic regulation by t he high external salinities~ 

Novales (1959) and ',;!arint; (1963) have both cbserved 

similar L1elg,nophore dis:perf!ion on the adui tion of sodium 

chloride "in -.-i tro ;r to isolated frog skin. The absence 

of this symptom in c: o111e Sj)ecies is probably clue to some 

peculiarity of their melanophore systo~ 9 Gince it was 

abse~1t from those specif)S Ylhich did not show any signs 

of bl..1ck pigr~:ente,tion under norLa l conditions. 

Length of survival all9-_2..Q.ncentraticn. 

Th e hi0 h surviv .11 times of the lorJ8r cone entrations 

can b~ ascribed to the 11resistance" which the f i sh offer 

to th ; se concentra tions. "Resistance'' in this sense 

includes the re~1lation of absorbtion and excretion of 

harmful substt.:.nces 9 and other physiological controls 

in the body. The sudden decrease in surviv21 time 

experienced over the l ethal range of concentrations 

has been a s cribed by Br ett (19 56) to a replacement of 

"res i s tance" by "tolera.nce". 
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ability of the fish to live in sublethal and lethal con-

centrations for a limited time. This '1tolerance" is not 

the r esult of any physiolo~ical regulation, but is the 

tolerance of the body cells themselves to a changed inter·­

nal body environment and to harmful substu.noec which have 

entered the body. Th3 presence of a thre3hold, as es­

tablished in all 03.sec_; r:herc sufficient dat.:-. are available 9 

indicates that at these threshold conoentrstions the fish 

paS I:! from the zone of 11resistanc e" into the zone of 

"tolerance" ''.'here ueath occurs. Underst:mdably , the 

length of this tolerance period will be r educed very 

rapidly even by small increases in concentration, as is 

evident from the relation between median survival time 

and concentration over the tested concentration ranges. 

The ''resistanc e-tolerancr:; fi cone ept has also been foun r'l i·o 

apply to the action of lo'.·· te:npera tur es (Brett, 19 56) 

and to the ef1'ects of v;:;.riations i n external oxygen con­

centrations (Hu~hes, 1964) . 

Gill histol~. 

The results summari~ed previously iwJ.iC'"tte that in 

Bar bus holubi no evide~ce of specialised acidophilic cells 

could be found. The 8cnolu3ion is that t hen8 cells are 

absent from Barbus holu-oi, e.nd that their i_Jres ence is 

not even observable aft-:r an exposure to 1::-:, sublethal 

sodium chloride concentr~tion. Since this species does 

not osmoregulate in h;:r_;;ertonic solutions, according to 

the evidence of survival experiments and the determina­

tion of freezing-point depressions of its serum , there 

is no need for any structure on the gill to serve as ex­

cretory tissue . Even if the S-cells do have a chloride­

excretory function, as rJaintained by most workers , they 

are not necessary in this species and are accordingly 

absent . The present investigation does not therefore 
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throw any light on the ac tual function of these cells, 

becaus e t~1ey are abse2:1t f r v.!Il the 3:pecies studied. 

On the basis of this conclusion , the presence of the se 

cells in other cypriniun (.Datte:::. Muns1'::i , 1964-), which a.l­

so occur in freshwate::..~ on.l~- , canno~ be ex.i_)lained and it 

is doubted if ~he cells r:.eEm by Datta lViunshi can l1ave an 

osmore&.latory ±'unction 9 :i.n s pit? of their high chloride 

content . 

6 . Sill.ti~IARY A:t~.D CONCLUSIONS. 

A number of exp2riments were underta~en to determi ne 

the tvlerance~ of Barbus hclubi, B. pa1}idu~, ~~~' 

B. tr~elyani, B. a f er, ~abe o umbrdtus , Tilau~a mossam­

bica, T. sparrmanii and Sandeli~?-pensis, \,here p c s:--;ible, 

to solu t:i_ons of sodium c ~ ·loride , sodium sulphate , a nd 

sea water dilutions . These ex~eriuents c cnsisted of two 

ty:pec;, a simple survival experir:J.ent with ra_tJidly or gr a ­

dually incre~sing conc ~ntrations, and time- survival ex­

periments in which the results 7ere subjected to the 

probi t trans fo r mation tc }:)rovide estim:::t os cf Eledian 

survival times and 1'-'edia:n tel eranc e limit ::-; . 

~~lapia moss~p]p_i.£.--!: i s the only specie::> te:Jted in the 

pres ent study \.h:-o.ch can dispe::::-se th:':'ough the sea . None 

of the other species a r e tolerant enough to allow dis­

persal through the sea ~ 1J.nder nor mal conditions, and 

t her c;fore have to disperse bet\·;een river ::,ystems by means 

of frcshnater links . Xhe ~resent distribution patterns 

providG additional evidence for the sucgGsted dispersal 

methodc:; . Very favourabl e condition s , including currents, 

heavy r ains, or the soc8.llod ":freshwater 11 ::.1ass es within 

the sea , cou l d assist in the dispers::.'l of intolerant 

fish through the sea between v er y closely -~ i tuated 

river I:Jouths, but conditions in t he lon~. estuaries and 



81. 

elsewh:;re appear to be limiting and prevent dispersal by 

this method. 

Because of the inco ... 1sistent salinity tolerance of 

the cichlids used, it is concluded that the categories 

sug.:;esteu by Tllyers cnn only be ap~ Jli ed to the species 9 

and not the fa::1ily as dcne by Myers and Darlington. 

Onl;>- T ._ mossambica c3.n be rebarded 3.8 a ";!e .• 1ber of the 

seco~dar;r division, and the other species are all membero 

of the primary division. 

The cichlids tolerate high sodium chloride concen­

trations better than any of the other species tested, 

and is followed by ~:1ndelia capensis 9 and the vurious 

cyprinids . Two of the cyprinids with a very localised 

distribution hav2 a cow~aratively low sodium chloride 

t ol eranc ') . 

The species ~ost tolerant of sodium sulphate is 

.Lab eo umbratus, which i s clos ely followed b~~ the other 

species . The species •.vi th the lov,;es t tol erance , San­

delia capensis 1 also has a very limited distribution . 

In all the species te3t 2d, with the exception of 

L. urr:bra tus ~ the sea v;ater tolerance exceeds the sodium 

chloride toleranc e , whic~ again exceeds the sodium sul­

phate tcleranc e the lo·.v es t (all cone entra.tions expressed 

in part;. :per thousand) . This relation is not due to 

diff erences in osmotic l)ressure of the solutions , and 

is the result of the tuxic effects posttllated for sodium 

sulphate on the one hand and the presence of beneficial 

divalent ions in the sea v1ater on the other hand . 

According to serum freezing-point depression de­

terminations , the death of B. holubi and L. umbratus 

in sea water dilutions is correlated ~ith t he loss of 

osmotic regula tion in hi6h concentr ation8 . In L. 

umbratus , dea th in sodium sulphate solutions is not 
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due to osmotic interference with the body fluids. 

Sodium ;::;ulphate must therefore have some toxic effect 

on the fish. 

The symptom.s 9 which the various speci:;s exhibit on 

exposure to any of the test solutions, all adhere to the 

beneral pattern. Initially the fish sho~ signs of in-

creased ner~ou s activity, ~hich is soon follo~ed by tem-

porary loos of e1uilibrium. Permanent loss of equili-

brim; is the next step, and death follo·ws after respira-

tory distress has become evident . In so:ne species mucus 

secretion or melanophore eApansion are also observed. 

All t:wGe symptoms can be explained by increased internal 

salt concentrations and interferenc e with the central 

nervous system, after impairment of osmotic or ionic 

regulation by the high salt concentrations . 

In all the time-survival experiments 9 the median 

len~th of survival and the various concentrations in 

which these values are obtained, satisfy the equation 

n 
C T = k . 

The cedian tolerance limits of a species f or a given 

solution J.lso va ry inver·'> ely with the lent?,·th of' time 

they were expos ed to it. In the lo~er concentrations 

of each sol ution , the fioh are in the nresistance zone 11
9 

in which they can live for very long periods . The 

lethal concentration ranc;e is called the "toler anc e 

zone;; in ·t:hich the fish unn only survive f or limited 

periods, till normal condi tio.r1s can be restored or till 

the fish die. 

No cells were found in the gill s of :Sarbus holubi 

which a.:;ree in description with the so-called "chloride 

excreting cells" ori ginally described by Keys and 

WilliJer ( 19 32) . Wh•..::ther the S-cells , the term pre-

ferred in the 1.:.:resent s t:J.dy, are actua.lly osmoregulatory 
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in function cannot be ansv;ered from the prese::1t study~ 

since they are completely absent from B. holubi with its 

limited osmoregulation dbilities. 
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