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SUMMARY

Under laboratory conditions, it has been found that the striped

dogfish Poroderma africanum (Gmelin) will tolerate a wide range of

salinities - from approkimately 18.0 t°.47'52" ‘Over this range,
serum chloride was found to vary from 200 mM/1, in the most dilute
medium, uP.to 315 mM/1, at the highest salinity. Blood osmolarity
~paralleled the isosmoticyline over most of the salinity range, being
40 ﬁo 60 mOsm/1 abéve the line for normally—fed animals. Animals
which had been fed oniy once a month, however, showed a marked

' reduction in serum urea éoncentration which resulted in reduced
‘serum osmolarity. Such animals diéplayed hypo~osmotic regulation
"and since the degree of this was found to increase with starvation
time, it is suggested’tha; aﬁimals fed at intermediate times up to
oﬁceva month would show differeﬁt dégrees’of hypo-osmotic regulation.

Later measurements of serum sodiuﬁ showed, interestingly, that |
thérblbod”sodium,level was lower than the blood chloride 1evel for
fish in normal seavwater (467 mM Na/l, 550 mﬁ Cl/1 1020 - 1040 mOsm/l).
In such a medium,Athe mean serum chloride was fouﬁd to be 261 mM/1,
sodium was 238 mM/1, urea was about 460 mM/1 for normally—fed fish
and about 410 mM/1 for underféd ones, and serum osmolarity averaged
about 1080 mOsm/l‘for normally-fed fish and about 980 mOsmfl for
underfed ones.

Over a simiiar range of ex;ernal salinitieg, however, the change
in serum sodium did not parallel that of serum chloride concentra-
tién; At about iO?Z sea water, the increase in blood sodium con-
cenﬁrétion'with increase in external salinity became quite marked so

that at higher salinities serum equalled and then exceeded the serum
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chloride level. . A brief investigation of serum potassium levels
showed that this(only varied from 3.0 to 4.7 mﬁ/l, for fish in
dilute andyhyper—salinermedia. h
Using radio-isotopes, the turﬁover rates of sodium, chloride,
- water and urea were measured, for fish in normal sea water, and
were found to be 0.24, 2.4?,>97 and 0.08%Z/h respectively. Turn-—
over rate measureménts at different salinities showed that values
fér chloride and water were maximal in normal sea water and showed
decline with variation away frcm.this salinity. A pronounced
salinity effect was shown fo?,urea turnover, with increased rate at
-highér‘salinity. - The exchangeable ionic space was measured as
chloride space and was found to be 34.47 body volume or 32.4 ml/100g
fresh weight. |

Blood haematocrits have shown that normally"fed dogfish, which
do noﬁ_driqk the medium, experience dilution of the blood when
expose& ﬁo a medium dilution of about 100 mOsm/l suddenly - and
similarly suffer blood concentration, when exposed to a correspond-
ing rise in thevextérnal osmolarity. On remaining in the new medium,
biood values have been shown to return to normal Within 7 days -
indicaiing the re-attainmént of water balance by the animals within
this period. It has been estimated that the major water flux
respénSible for this effect on the blood, pfobably occurs at the
gills. Hypo—-osmotic animals, which were found to drink the medium,
experienced greater effects of salinity change upon blood concentra-
tion and took longer to attain water balance after transfer to the
newyﬁedium. Both the radio~isotopes Chloride~36 and Sodium—22
were shown to’be lost at the gills, against the concentration
gradieﬁt, Dogfiéh with‘rectalyglands and urinary systems surgically

£
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clbsed were foﬁnd,to osmoregulate satisfactorily over a limited'
time pe:iod, with énly.thé gills as osmoreguiatory organs.

Togethef with this, histological silver stainiﬁg of gill tissue
from fish‘undér several different experimental conditions, showed
intra—cellular chloride deposits in cells of the secondary lamellae
.and suggested the possibility of chloride transport by the gills of
this species.

In an investigation into thé roles played by the kidneys and
rectal gland, in thevosmotic,and ionic regulation of this species,
it was found that fish wifh inoperative rectal glands showed only
slight rises‘in blood sodium and chloride 1eveis, over.a 24wéekf
‘period, as compared with control animals,,A Salt—loadihg of botﬁ
fish with inoperative rectal glandé and normal animals showed that
in béth cases bloodbsélt levels returned to normal within 7 h of
- salt injection; but compariéon between the two groups suggested that
the rectal gland might regulate chloride more than sodium. A |
composite fluid, assumed to be composed of‘ufineAand rectal gland
. fluid, was collected from normal animals and, from analysis of this,
the averapge cloacal éalt loss rate was estimated. UrineAwas also
Acollected separately from normal fish and its coﬁ£ribution to thé_
éalt loss was estimated.

Histochemical examiﬁation, inclu&ing the chloride test, was also
carried out on rectal gland tissue from normal and salt*loade& fish,
in differént salinities. A general radial arrangement of secretéry»
tubules was apparent‘in the rectal gland of this speéies, although,
in the lower regions of the gland, the glandular parenchyma was
divided up into_lobules; so that the radial arrangement was only

clear in upper glanddlar tissue. - The chloride test showed chloride
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deposits in cells of the secretory epithelium,’whiéh showed a marked
. resemblance to the intracellular deﬁosits observed in Eranchial
tissue of this species. It was concluded that specific chloride
transport by cells ﬁight occur in the tubules of the rectai glaﬁd,
providing a similar ionic regulatory mechanism to that observed in

the gills.

(During the course of this work, specimens of the rabbit fish

Callorhinchus capensis (Dumeril) were caught live from a local source
and preliminary investigations of blood composition were carried out.

A short note on initial findings is presented in the Appendices.)
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CHAPTER 1
INTRODUCTION
This thesis presents ideas, techniques, results and conclusions

from a 3-year research project regarding the osmotic and ionic

regulation of the South African striped dogfish Poroderma africanum

(Gmelin). ~ The experiments were devised early in 1971 but due to
éhe time reﬁuired for personally constructing equipment énd facili=
ties and for modifying and equiping the laboratory and aquaria with
the negéssaryvapparatus, éctual experimentation and subsequent
obtainiﬁg of results was not poséible before November 1971.

The main theme of the research was the investigation of the
major body fluids and their relationship to external conditions,
in a local elasmobranch species.  The topic has been eitensively
ekamined in some overseas countries hut éo far very little physio-
logical work on the osmoregulation of marine elasmobranchs has
been carried out in the Soui:h African region. The species chosén
was also considered interesting in view of its common occurfence
éround the Cape (at the time of commencement of the wbrk) and the
fact that it seemed to be relatively limited in its distribution

around the African coast, although in appearance it resembles the

Scyliorhinid dogfishes widely distributed around overseas coasts.

Tﬁe findings and conclusions from this work form the basis of
6 scientific papers which in tﬁrn férm the major part of this
thesis. These papers have been submitted to scientific journals
and are in various stages of publication, as indicated inrthe

relevant sections.
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It wés shown by early workers (Séott, 1913; Chaisson, 1930;
Margaria, 1931) that chéngesvin the external salinity produce effects
upoh the electrolyte balance in the blood of marine elasmobranchs. |
They showed that when an elasmobranch is placed into diluted sea V
water, the overall'osmolarity of its blood falls and, conversely,k
rises when the fish is exposed to concentration of the medium.

They deduced that the .change in blood osmolarity was produced by a
»change in’the concentration of the various ioﬂic and osmotic compon-
éﬁts.

In 1930, Smith suggested that osmoregulation in marine teleosts
was lérgely effected by &rinking of the.medium and extraction and
excretion of salts by the gills. In this way ﬁhey were able to
ﬁaintain their low Blood salt level (about one-half fhat of sea
water) and at thé same time compensate fpr’the constant tendancy to
lose water to the exterior by ex—osmosis. Later work (Smith, 1931)
sﬁggested that this'was not the case for ﬁarine elasmobranchs, and
he was not able to determine any appreciable ingestion of the medium
by these aﬁimals. |

Reys and Willmer (1932) showed the presence of 'chloride cells'
in the gills of marine teleosts, which added weight to the hypothesis -

‘of branchial salt regulation, but again they were unable to detect

such cells in the gills of the dogfish'Scyliorhinus -~ the only
élasmﬁbranch they examiﬁed.

Although this had been detected by earlier workers, Smith (1936)
and 1a£er Kempton (1953) showe& thaé elasmobranchs retained urea in
the tissues and body fluids, to an appreciable extent, and by'so
doing, were able to maintaig a blood osmolarity equal to or slightly

“in excess of the external medium. This obviated the osmotic deficit
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between,bodgvfluids4and,sea water experienced by marine teleosts,
although the;e étill existed the matter of salt imbalanée.
| At this stdge it was not really understood how fhe marine
elasmobranchs maintained salt balance since they had not been found
to produce hypertonic urine - which would be necessary, were the
kidneyé to effect ionic regulation - and they‘didrnot appear to
employ bfanéhial salt regulation, as was the case for marine
teleosts. ‘VIt was only in 1960, when Burger and Hess postulated
the function of the elasmobranch rectal gland as being a salt gland,
that a‘possiblevsolution;to the enigma was found. Later work
| (Bﬁrger, 1962, 1965) further supported the earlier suggestion and,
until recently, it had becomg‘genefaiiy accepfed.that the rectal
gland in marine elasmobranchs acts as a salt gland an& is thé major
site of ionic regulation, since it is ab}e to secrete a very con-
centratedvsaline solution. |
Since then, various suggestions have Eéen>put forward regarding

urea reabsorption techniques in marine’elasmoﬁranchs (Boylan, 196?;
1972; Schmidt-Nieisen, 1§72) and considerable experimentation on the.
general osmoregulation and turnover of various ions and dsmotic
components has been performed (Burgerband Tosteson, 1966; Maetz and
’Lahlou;«1966; Chan et al., 1967 Price and Creasef, 1967; Goldstein.
et al., 1968; Goldstein aﬁd Fo;ster; 1971; Payanvand Maetz, 1970,
1971, 1973; Carrier and Evans, 1972, 1973; Payan et al., 1973; de
Vlaming and Sage, 1973; etc.)

 The first indication that perhaﬁs things wefg not as simple as
Burgef and Hess sgggested, can be traficed back to 1961, when Doyle
!and éorecki, upon iﬁvestigatign with the electron microscope, found

'chloride cells' in the gill tissue of the marine elasmobranch
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"Urobatis. = Later work by Maetz and Lahlou (1966)'sﬁggested that

branchial salt regulation in the dogfish Scyliorhinus was not only

apparent, but seemed to be more important than the regulatory action
of either the kidneys or the rectal gland. Indeed their results
suggested that the ionic regulation.effected by the rectal gland

was only minimal by comparison with ﬁhat of the gills. These

findings were later supported by the work of Payan and Maetz (1973)

-who reported 'chloride cells' as being present in Scyliorhinus cani-
cula. Payan et al. (1973) also showed that branchial urea exchange
was considerably greater than that via the urine.

The overall picture, regarding osmoregulation in marine elasmo-
branchs, is therefore no longer a simple one, and in the light of
these previous findings of other workers it was decided to conduct
similar investigations on a local sPecigs.

It should Be ﬁoted that the studies reported here have all béen
carried out under laboratory conditions and whilst these have been
made as near to field conditions as was practically possible, factors
such as stress and artificial illumination probably affect the
animals to an unknown degree. However, this reservation is true
of the vast majority of physiological work carried out on any

species.
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CHAPTER 2
NOTES ON THE ECOLOGY AND FEEDING OF PORODERMA AFRICANUM (GMELIN)

Striped dogfish, known iocally as '"Pyjama sharks", ére found
on both sides of the Cape Peninsula, on tﬁe west coast as well as
in False Bay.

Ve;y little is known about thevecological distribution of the
species. Smith (1965) has reported these dogfish as 6ccurring
‘right round the South African éoast, from False Bay to Malagasi,
and in wager‘depths ranging from low tide to 80 .m. Since maﬁy
animais were caught for this research, from the west coast, it is
possible to extend their distribution a little further than that
re?orted by Smith. Nevertheless, examination of ali pertinent
fishing records held by the Zoology Department (Ecology files),
‘U.C.T. and by the South African Museum, has failed to show any“
récords of this species in,estuaries<or‘brackish water and iﬁ must

therefore be concluded that Poroderma africanum is very much a

stenohaline animal, with regard to its general distribution.
Within False Bay, maximum annual salinity variation appears to be
only from 35.00% to 35.28%Z. (Atkins, 1970), which indicates that
animals in this environment are not exposed to greatly differing
salinities within the bay, especially when it is realised that
‘these figures include all variations between surface and 30 m.

The great majority of animals used in the present research
were collécted by handAwhilst;SCUBA diving, and it was possible to
make limited observations on‘£he feeding of animals and the type éf

habitat chosen by the species. Observations have shown that the
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species is gregarious.and_many animals may be found in crevices and
large holes under rocks. | They are rarely encountered orer sandy
bottoms but seem to prefer a rocky sﬁbstrate, especially where

kelp and sea urchins are abundaﬁt.~ Water temperature does not
seem‘to be a critical factor, provided it is below 20°C.  Animals
have been recorered from the west coast in water of about 9°C but
also from False Bay, in water of about 16°C.  As the water tempera-
ture approaches 20°C the animals beceme more difficult to find in
water less than 10 m depth and fish have never been observed whilst
diving.in water above 20°C.  In colder water, animals have been
recovered from depths‘between 5 and 20.m. It may well be that
during the summer (January to‘March), when the temperature of
False Bay water rises, the dogfish move our into ceoler deeper
weter.

"All collections were made during the day and the ebove observa-
tions are therefore related to day—time behaviour. Reports by
other divers have suggested that thevspecies may be ; nocturnal
feeder, cqming out of the crevices at dusk to forage for food,
although animals heve occasionally been observed to feed in the
day~time. By comparison, laboratory fish do not appear to
differentiate between day end night, with regard to feeding, and
will feed satisfactorily. during the day. However, a great many
fishes, iqclﬁding elasmobranchs, are known to feed ﬁainly at dawn
and dusk.»

"Stomach content examiﬁatioﬁ has indicated that the food of

Poroderma africanum includes crayfish, molluses such as Donax and

Bullia, and various small teleosts, but with a definite preference

for cephalopods such as octopus and small cuttlefish. The release
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of cephalopod body fluids into séa water has been observed to
initiate a typical elasmobranch 'feeding frenzy', during which
several dogfish may attack thé samé piece of food. Indeed, larger
~animals have been observed to ehgulf smaller dogfish which have
attempted to swim away with a large piece of fqod. The sméller
animal is usually released after a while and appears unharmed.

This phenomenon has been obsefved both in the field and under
‘laboratory conditions.

The‘species’is sluggish in-ifs overall activity and seems diéposed'
to take dying 6r damaged animal food rather than stalk active prey.
In &iew of the gregarious nature of the species, it is envisaged that
competition for food may weil occur between animals of’the same

crevice or other micro~habitat.
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CHAPTER 3
MAINTENANCE OF ANIMALS IN THE LABORATORY

At the onsét‘of the research it was realised that a stock tank
would be necessary for keeping live fish prior to’experimentation.
Furthermore, sincé the fish were to be kept over periods of up to
‘3 months, therstoék tank would have to be supplied with running sea -
watef, preferably filtered and sterilized. |

There already existed, in the Zoology Department of the
University, 2 adjoining‘thermbstatically~éontrolled aquarium rooms,

~in éﬁe of which’was a two-tier tank system, comprisea of a pair of
large stone tanks, each measuring approximately 2m X 2m x lm, the
upper tank built with its base about Im gbove the top of the lower
one. No.sterilizing or filtering mechanism was present aﬁd indeed
the tanks'did not appear to have been used for a considerable length
of time.‘ |

It was deciéed to use this'e#isting sjstem, with considerable
modification, to supply filtered, sterilize&‘sea waﬁer to allarge
stock tank in the adjacent aquarium room. | A2m x 1.5m x 0.5m
’glass fibre tank was set up on a bre-existing plinth in thé adjacent

‘room, such that it was at a height midway between that of the lower
and upperytank of the two-tier system next door.

After much trial and error, the following system was used (with
later minor modifications) for'the maintenance of clean, filtered
sea water in thg two-tier system. Sea water was coliected by truck
and tankufrom Three Anchor Bay, Greeupoint and was transferred to

the two tanks of the system. The working capacities of the upper
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and lower tanks were approximately 3000 and 2300 litres respectively.
vThe lower tank formed a settling ténk and from‘here the water was
pﬁmped up to a diatomacebus—earth filter, mounted above the upper
tank. After being forced through the filter, the sea water passed
thrbugh a disiribution sprinkler which sprayed it evenly across one
end of a 1.5 m long Perspex trough, passing under a bank of 4 1lm-
long mercury vapour ultraviolet (UV) fluorescent tubes, each of

30 watt rating. The tﬁbes were pbsitioned to hang approximately
1.5 cm above the water surface; the flow rate albﬁgbthe 40 cm wide
trough being regulated to approxiﬁately 10 cm/second - producing

a water depth of about 0.5 to 0.75 cm in the trough. From this
trough the water dropped into the upper tank, where it formed the
reservoi: té supply étock tanks. A supply fipe ran through the
wall between the 2 adjoining aquaria to supply the élass fibre

stock tank next door, in which animals were kept. The system wés
designed to supfly sea water to several oéher stock and display
tanks and several coﬁnecting pipes and take-off points were
COupled.into this pipe once the systeﬁ became operational. A
second glass fibre tank was set up,rfor keeping dogfish, at a later
- stage, both tanks being positioned at a suitable height ﬁalf way

' betwéen that ﬁf the upper and lower tank of the adjacent two-tier
system. The level of sea water in étock and display tanks was
maintéined by overflow return pipes joining and rﬁnning back thfough
the wall and returning séa water via a coarse filter into the |
settling tank of the two-tier system once again, The coarse filﬁer
was pﬁt into this return 'system to strain outkany uneaten food or
other particulﬁte material from animals and therefore ¥educing

contamination of water in the settling tank. The filter consisted
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of fine-mesh ﬁYlon gauze, which was periodically cleaned. From
the settling tank, sea water was pumped up through thg filter and
ultraviélet sterilizing unit and inte the upper tank, to éomplete
the éycle. : Duevto‘the size of the lower tank, sufficient time was
allowed for settling out of sediment, before the water wasApumped
o up into the upper ténk(again.
" Due to the very fine particulate size of the diatomaceous
earth, the filter of the two-tier system was found tb becomg blockedA
after 2 weeks, requiring regular changing of the earth. A by-pass
piﬁe'running between thé pump and tﬁe ultraviolet sterilizing umit
was put intd the system so that the filter could be changed without
Stopping’the'pump but later the diatomaceous earth was replaced by
activated charcoal in muslin bags. The inner material bag,
designed to accdﬁmédate the diatomaceous-earth; was removed to allow
sufficient space for several bags‘of charcoal. ~ This way it was
possible‘to maké chahges of filter materiai only every & weeks or
SO,
The volume of water in the tﬁo-tier system was constantly

Checked.“ Tﬁe ;ea water level in the lower tank was keﬁt up to a
’fixedvmark, by périodic additions of deionize& water and the pump
was eéuipped with an automatié float;pperated mercury cut-out
‘switch to prevent the puﬁp ever runﬁing dry, in the event of any
“ sevefe reduction in the level of the lower tank. The water level
of the upper tank was maintained constant by means of a wide over-
flew’pipe running ﬁack down through the floor of the upper tank.té
the lower settling tank:.  In order to ensure that this was always
operating, it was necessary té pump water up intO'theruﬁper tank at

a faster rate than water was being drawn off to stock tanks. As
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more display tanks were put into the system at a later time, it
became necessafy to use a second pump to increase the overali_lift—
iﬁg rate of water from the lower to the upper tank, to match the
increased draw—off from the upper tank. This extra pump deliverea
water directly to the upper tank without passing it through eithe;
the filter or ultraviolet sterilizer and although this obviously
added.un-filtered and un-sterilized water to the upper tank, the
system was found to work ;uccessfully for up to 3 months without
any apparent bacterial decomposition occuring in the water -
providing that adequate care was taken to avoid overfeeding animals
~in the stock tanks. The sea water was checked periodically for
chlorosity, pH and density but these were found to remain fairly
constant over a period of 2 to 3 months, requiring little corrective
attention. The whoie‘aquariﬁm room was thermostatically’maintained
at approximately 11°C but a separate freon-filled cooling coil, of
stainless steel, was immersed‘in the water of thé upper supply tank
and this maintained the sea water temperature at 11 * 1°c, The
sea water in the finaliy modified two-tier system (Fig. A) was
renewed every 2 to 3 months but over this period the system appeared
to be successful in maintéining clear running sea water for the
purposes of keeping live animals in readiness for experimentation.
Whilst the previously déscribed'modifications to the two—tier
- tank system were being ccusidered, it was.also decided that
experimental tanks in the 1abo;atory should be equipped with
filtered and if possible running sea water. Initially, a filtering
method without running sea water was used - air—powered aquarium
filters containing acrylic wadding being placed in the tanks. In

conjunction with this, ozone was bubbled into the sea water from a
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~ experimental procedures in use at the time.  The tendency for pH
to drop slightly, with constant recycling, was counteracted by
the addition of deionised water rendered slightly alkaline with
NaZHP04 buffer and‘NaOH'(in the cases of medium dilution), and

also by partial replacement of sea water, at regular intervals.
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Abstract

“Pyjama sharks” (Poroderma africanum} were exposed to
a wide range of salinities, over which blood serum was analysed
for osmolarity, chloride and urea concentrations. Fish were
divided into two groups, those fed twice weekly (high intake),
and those fed once a2 month (low intake}. Both groups were
exposed to the same salinity range. “High intake” fish showed
the characteristic elasmobranch osmolarity picture, with
serum values slightly hyper-osmotic at all times. “Low intake”
fish, however, showed a degree of hypo-osmotic regulation.
Serum values for both groups overlapped at very low salinities.
Serum urea was also affected by diet, so that again two distinct
sets of values were produced, again with overlap at the lower
salinities. When previously well-fed fish were starved over a
period of one month, serum urea and osmolarity decreased
simultaneously. Consequently, it is felt that serum osmolarity
is directly related to serum urea levels. Serum chloride was
not found to be affected by diet, both groups showing the same
change in blood values when exposed to the same change in
salinity. It is shown, however, that a reduction in food intake,
over a period of more than a fortnight, can reduce metabolic
urea to the extent of depressing serum osmolarity and, hence,
shift the ionic and osmotic equilibrium between the fish and
the sea water. This may result in varying degrees of hypo-
osmotic regulation.

Introduction

It is generally recognised that marine elasmo-
branchs, like their teleost counterparts, contain blood
salts at about one-half sea-water concentration, so
that serum-chloride values lie in the region of 250 mM/1
(Chaisson, 1930; Smith, 1931 ; Burger and Hess, 1960;
Burger, 1962; Price, 1967; Price and Creaser, 1967).
Unlike teleosts, however, marine elasmobranchs have
evolved the technique of reabsorbing and retaining
urea in the tissues and body fluids (Smith, 1936;
Kempton, 1953), so that serum osmolarity remains
just greater than that of the external sea water. This
greatly reduces their osmotic problem, so that they
do not need to drink sea water (Smith, 1931) and
excrete salts, as do teleosts (Keys and Willmer, 1932;
Smith, 1932). However, in common with teleosts,
they still have the problem of a natural and contin-
uous diffusion of salts into the fish from the external
sea water, where the concentration is higher. This is
compensated for by salt excretion in the urine, and
also by secretions of the rectal gland (Burger and

Hess, 1960; Burger, 1962, 1965). It seems that there
is also salt transfer at the gill epithelium (Maetz and
Lahlou, 1966; Payan and Maetz, 1970, 1971).

When placed in diluted sea water, the osmolarity
of an elasmobranch’s blood falls and, conversely,
when these fishes are exposed to concentrated sea
water, the osmolarity rises (Scott, 1913, Chaisson;
1930; Margaria, 1934 ; Burger, 1965; Price and Creaser,
1967). This has been attributed largely to changes in
concentration of serum urea (Smith, 1936; Price and
Creaser, 1967: Goldstein ef al., 1968; Goldstein and
Forster, 1971; Vlaming and Sage, 1973), but Burger
(1965) found that previously starved spiny dogfish
(Squalus acanthias), on being fed once more, showed no
appreciable rise in tissue-urea concentrations, although
serum osmolarity rose. A possible explanation for this
is discussed below. :

Whilst most workers have agreed on the effect
of salinity changes upon the osmolarity of elasmo-
branch blood, the effect upon blood-salt levels seems
less clear. Price and Creaser (1967) stated that, when
exposed to a low salinity, the serum chloride level
in the skate Raja eglanteria was depressed, although
not greatly. Burger (1962, 1965), however, has in-
dicated that, in the spiny dogfish Squalus acanthias,
serum chloride is resistant to dilution of the medium,
although he has shown that chloride can drop to about
220mM/1. Recent work on the little skate R. erinacen
{Goldstein and Forster, 1971), the sting-ray Dasyatis
sabing (Vlaming and Sage, 1973) and the lemon shark
Negaprion brevirostris (Goldstein ef al., 1968) support
the present findings and those of Price and Creaser
(1967).

It was decided to base this investigation of jonic
regulation on chloride rather than sodium since, at
the time of experimentation, the equipment and tech-
nique for sodium determination was not considered
satisfactory. Also, serum shows higher values for
sodium than for chloride in most elasmobranchs and,
therefore, chloride can be used to give a minimal
index of salt value.

Blood samples from Poroderma africanum over the
whole salinity range were analysed for trimethylamine
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was 200 mM/1 and 315 mM/l, respectively. In normal
sea water {545 to 566 mM/1Cl), the serumhad a chloride
value of about 260 mM/l, which decreased to 220 mM;/1
when the external salinity was 375 mM/l Cl. Serum
chloride rose to 315 mM/]1 when the fish were immersed
in water of about 700 mM/l Cl. Diet had no effect
upon serum chloride and, consequently, both groups
were included in the above curve.

350

250

Serum Cl { mM/L}
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water (1060 mOsm/] upwards), this difference increased
to 120—140 mOsm/l, and the regression coefficients
for this part of the graph were shown to be significantly
different (P < 0.01). The upper tolerance limit was
1320 mOsm/lL.

A similar trend was shown by serum urea con-
centrations. Over a range of external media, from 700
to 1320 mOsm/l, blood values for the two groups were

150

£00 700 800

External Cl ( mM/1}

Fig. 1. Poroderma africanum. Variation in gerum chloride with modification of external salinity
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Fig. 2. Poroderma africanum. Combined effects of diet and salinity

upon serum osmolarity. Squares: “high intake” fish;

triangles: “low intake” fish

The results of variation in external medium upon
serum osmolarity are shown in Fig. 2. A clear difference
can be seen between “high intake” and “low intake”
fish. At the lower tolerance limit of 650 mOsm/l, fish
from both groups showed similar serum osmolarities,
in the order of 700 mOsm/] but, as the external medium
was raised towards 850 mOsmjl, the two groups showed
gignificant differences (slope difference P < 0.05).
Above an external osmolarity of 850 mOsm/l, the
two sets of points were well separated, with a serum
difference of 60 to 100 mOsm/l. In concentrated sea

quite distinct (Fig. 3). Serum urea was shown to range
from 215 to 550 mM/l, with “normal sea water”
values of 455 to 465 mM/l and 405 to 415 mM/] for
“high intake™ and “low intake” fish, respectively.
When replotted on a semi-logarithmic scale, a straight-
line relationship was produced. This was similar to
Fig. 2, and the initial slope difference was again found
to be significantly different (P < 0.001). Whilst the
semi-logarithmic plot did not show statistically sig-
nificant differences in regression coefficients, it can
nevertheless be seen that Fig. 3 shows a visible dis-
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periods of up to 24 h in 87 to 95% sea water did not
change plasma chloride, and fish which were kept in
running diluted sea water for 3 to 9 days were able
to stabilize plasma chloride, although it was found
to drop to 220 mM/l in many cases. This latter fact
seems in itself a contradiction of the earlier statement.
It should also be remembered that the running sea
water used was of fluctuating salinity “for the most
part in the 729% to 829% range, with excursions up to
6 hours in 60% and 929 (Burger, 1965). Consequently,
the salinity at any given time appears to have been
fluctuating and, since Burger has further stated that
it took 48 h of dilution of the medium to affect fully the
fish’s internal composition, it is felt that the experi-
mental parameters used by Burger were possibly not
severe enough to show any low-salinity effects on the
fish.

Price and Creaser (1967) showed that, for the
clearnose skate Rajo eglanteria, exposure to dilutions
of medium produced depressions in serum chloride as
well as urea concentration. When exposed to higher
salinity, serum chloride was found to increase, although
only in small amounts. Again 48 h was required for
attainment of osmotic and ionic equilibrinm with
the environment, after a change of more than 249,
or 40 mM/1 Cl of the medium. Goldstein and Forster
{(1971) have shown that, in the little skate R. erinacea,
transference gradually into half-strength sea water,
from full-strength, resulted in reductions of plasma
urea and chloride by 45 and 309%, respectively.
Similar experiments with the lemon shark Negaprion
brewirostris (Goldstein ef al., 1968) resulted in reduction
of plasma urea and chloride by 55 and 20%,, respec-
tively. In the sting-ray Dasyatis sabina, Vlaming and
Sage (1973) reported that “Plasma NaCl concentra-
tions in Dasyatis are reduced to a greater extent by
environmental dilation than are urea levels, until
the external medium osmolarity falls below 350 mOsm

er 1.

P Present results show that serum osmolarity and
urea concentration vary with external salinity, in
keeping with previous findings. It was shown by
Scott (1913) that, when an elasmobranch is placed in
diluted sea water, its osmotic pressure falls and,
conversely, when in concentrated water, rises. How-
ever, all previous measurements of serum osmolarity
show serum values slightly higher than the medium,
and it has become generally accepted that serum is
always maintained slightly hyper-osmotic to the sea
water (Burger and Hess, 1960; Burger, 1965), in order
to effect a slight endosmosis. Ag a result, marine
elasmobranchs are not considered to drink the medium
{Smith, 1931), as do marine teleosts.

The variation in serum urea and serum osmolarity
seem closely linked with respect to the superimposed
diet effect. According to Thorson ef al. (1967), elasmo-
branch body fluids have shown urea nitrogen in the
range of approximately 750 to 1300 mg/100 ml. If
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expressed in similar units, “high intake” fish showed
urea nitrogen levels of 1260 to 1290 mg/100 ml, and
fish on “low intake”, about 4120 to 1150 mg/100 ml,
in normal sea water. Whilst both sets of values lie
within Thorson et al.’s figures, a difference of about
140 mg/100 ml is visible between the two groups. By
comparison with the results of several workers pres-
ented in “Fish Physiology” (Hoar and Randall, 1969),
Poroderma africanwm appears to have serum urea
levels a little higher than other species quoted (320 to
440 mM/1), there being a considerable amount of
species variation.

Both urea and osmolarity show a tendency to
stabilize at the lowest salinities. Watts and Watts
{1966) have indicated that urea synthesis in elasmo-
branchs is stimulated by dilution of the medium,
which might explain the slight “tail off” — although
this should surely become apparent before such drastic
dilutions are achieved. The effect of medium dilution
upon urea production does not appear to be as notice-
able for this species as the effect of diet.

So far little previous work has been done on actual
feeding effects upon serum osmolarity and urea levels.
Indeed, no previous thought appears to have been
given to how elasmobranchs may fare under conditions
of famine, and the consequential effects upon body
fluids. From present findings, it is concluded that,
when fed a regular and abundant meal, Poroderma
africanum are able to maintain a high serum urea
concentration and a correspondingly hyperosmotic
serum (about 50 to 60 mOsm/l), at all salinities.
However, with more infrequent feeding, the osmotic
pressure of the serum falls below that of the medium.
Furthermore, the link between diet and serum os-
motic pressure is demonstrated in the experimental
results presented in Fig, 4. This is to be expected,
since serum urea results from metabolism of ingested
proteins.

It has been shown, for Poroderma africanum, that
the two serum osmolarity lines produced from the
two diet groups represent fish at two extremities of a
scale. Whilst it was found quite easy to keep fish alive
without food for periods in excess of 2 months, adverse
effects were noticed after about the sixth week and,
consequently, fish being fed only once a month (“low
intake”) were deemed to be at “starvation” level (i.e.
the absolute minimal feeding required to just maintain
life, without producing abnormal body functions).
From the results, as expressed in Fig. 4. it seems that,
during the starvation period, there is a gradual decline
in both serum urea and osmolarity until the two
level off, due probably to metabolism of body protein.
It would, therefore, also appear that for fish fed only
once a month, serum values rise somewhat directly
after feeding, but then decline again over the star-
vation interval. Since this effect was somewhat
anticipated, blood samples were only taken just
before each feed, as previously mentioned, in order
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ABSTRACT

Using radio-isotopes, the turnover rates of sodium, chloride,

water and urea were measured, at different salinities, in the Pyjama

shark, Poroderma africanum (Gmelin). The exchangeab1e ionic space
was also measured. Sodium turnover was found to be 0.247/h, in
nOrmalysea water (467 mM Na/l, SSO‘mM Cl1/1, 1020 mOsm/1.), and under
similarrconditions, chloride, water and urea showed turnover rates
of 2.47%, 97%, and 0.08%/h respectively. Chloride én&'water turn—-
| err sﬁowed maximal values at this salinity. Exchangeable space
was calculated,‘using Chloridg-BG;Aand was found to be 34.47 body
~ volume or 32.é2 ml/lOOg fresih weight. Present results show that
chioride turnover is about ten times that of sodium. Water turn~
over rates are similar to‘tﬁose of other elasmobranch specieé,
although urea turnover is somewhat lowéf. Salinity has a pronounced

effect upon chloride and urea turnover rates,
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INTRODUCTION

Mucﬁ work has been presented concérning water and ion turnover
in teleosts (reviewed by Maetz, 1970) but iess has been done on the
elasmobranchs. Maetz and Lahlou (1966) showed that the dogfishes,

Scyliorhinus canicula and S, stellare had very low ionic turnover.

ratés, chlbride'being exchanged at about ten times the rate of
sodium. Burger and Tosteson (1966) have reported that the rate of

sodium efflux in the dogfish Squalus acanthias is 0.5% body sodium/h.

Chan et al. (1967) showed a sodium turnover of 0.74Z/h, in the lip-

shatk, Hemiscyllium plagiosum.

Water turnover rates have recently been found as high as 157Z

and 1677 total body water/h, in Scyliorhinus canicula and Raja

montagu, although, in the ray Torpedo marmorata,~the water flux

was reported as 97%/h (Payan and Maetz, 1971).

Turnover of urea has been measured in Scyliorhinus canicula
(Payan and Maetz, 1970) as 24 pM/100g/h and Goldstein and Forster

(1971) hgve found similar rates, in the little fay Raja erinacea.

The flux meésuréments'refefred ﬁo abo§e have all beén cOnducteé

- at one partidular salinity. The present paper includes the effect
af'salinity—cﬁange upon'thesé fluxbrates - a factor so far'not
“examined by other workers in any detail. Prévious measuréments

of exchangeable ionic spacs are few for elasmobranchs (Burger and
Tosteson, 1966; Carrier and Evans, 1972), although the partitioningv

of body water and fluid compartmenté in groups of fishes, including
Chondrichﬁhyes, has beenvstudied (Thorson, 1958, 1961; Holmes and
Donaldson, 1969).7 Techniéues,similar to the present one héve been
employed to detefmine the exchangeable'sodium SpéceA(Mayer and Nibelle,

- 1969) and chloride spéce (Kirsch, 1972) in freshnvater and sea-water eels.
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MATERIALS AND METHODS

Pyjama sharks (Poroderma africanum Gmelin) were collected and

vkept'iﬁ the laboratory as described previously (Haywood, 1973).
Fish ranged between 0.5 and 0.8 m in length and 1 and 3 kg in
weight, Both sexes were represented approximately equall&. In
the laboratory, animals were kept at 13°C and fed teleost meat and
small whole cephaiopods at regular intervals, until 48 h prior to |
experimentation. It was found imﬁractical to feed animals anyv
éloserrthan this to the commencement of experiments, due to

regurgitation after anaesthetic.
TURNOVER RATES

For efflux measurements, animals weré injected intfavenously
with known quantitiesvof radio-isotopes, in isotonic saline, and
irmmediately placéd in a small volume of sea water until superficial
bleeding ceased. Fish were then placed in the experimeﬁtal tanks
for 6 to 10 h, to.allow complete mixing of radio—isotope aﬁd body
fluids. ° Blood samples were then taken over regular time-intervals
and serum expressed from the blood (after Haywood, 1973) to determine
serum radioactivity. Experiments were done at different salinities
for each isotope used - with the exception of Sodium—22,'which was
used in normal sea water only. The reasons for this are diséussedv
later.‘ All modifications tovthe external‘sélinity were made
slowly, as ﬁreviously described (Haywood, 1973) and fish were
allowed a minimum period of 60 to 72 h acclimation time in the new

medium prior to experimentation.
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The above technique of radio*isotope administration was not
- feasible for tritiated water (3H20), due tb its high effilux rate.
Instead, fish were placedAin>a ioading solution (high radioactivity)
”'of thé'isotope for 6 éo 10 h. Im all éases, the sea water volume
in expefimentalytanks was made large enough to reduce fadioactiVe
’backfflux to negligible préportions.'

’The radioactive efflux was calculated from counts of successive
blood éamples,;using the formula;

ln Ao
At

K= 1
T

where K is the rate constant of turnover (fraction of the exchange-
able substance per hour), T is the length of experimental period in
» hours, Ao blood radioactivity at time O and At the blood radio-

activity at time T.
EXCEANGEABLE IONIC SPACE.

'The volume of the distribution space (E) of an ion may be
 measured by’dilution‘of a radio—isotope in the internal ﬂmdium
(Maétz, 1956; Mayer and Nibelle, 1969; Kirsch, 1972). Once
equilibrium isvachieved, tﬁe foilowing equation is true {after
Kirsch, 1972):

E = Qo - 4dQt
Ct

Qo is the quantity of tracer injected into the fish at time O,
| dQt represents tracer lost to the external medium at time T and
Ct is the blodecqnéentration of radio-isétope at time T.

The abové equation was originally employed to determine the

exchangeable chloride and urea spaces in Poroderma africanum but
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FIGURE 5. - o - CHLORIDE-SPACE APPARATUS

Apparatus is filled with a measured volume (v) of sea water via funne.l'(f), after fish is secured in
Plexiglass tube (px). Water samples are withdrawn by sampling pipette (sp) and oxygen is bubbled
into the system through a needle embedded in a plastic 'window' to observe bubbling rate.

| B

R ———

Z

oxygen

-7 ’ )J .




..34..

even though the sPecialiy desigﬁed apparatus (Fig. 5) made the
calculation of dQt relétively easy, slight superficial bleeding
immédiately after'injection of tracer made it virtually impossible"
to assess Qo to the degree. of accuracy desired. Consequently the
following technique, which ébviates the néed to know Qo, was devised
and uséd instead,

After injection of tracer and attainment of eﬁuilibriuﬁ, the
fish was exposed to a known volﬁme of sea water.‘ At time O, a
blood sample was taken from the fish and at the same time, 10 ml
of the sea water surrounding the figh were also withdrawn - both
for radioactive assay. Ten millilitres of fresh sea water were
then added back to the system, to maintain the 6riginal sea water

volume. After an experimental period (T), the procedure was

repeated.
If Co = blood concentration of tracér at time O
Ct = blood concentration of tracer at time T
Wo = tracer concentration in sea water at time O
Wt = tracer concentration in sea water at time T
V  = volumevof sea water

then, since the system is closed, with respect to tracer, the loss
of tracer from fish must be equal to the gain in trécer by sea
water. | |

i.e. (Co-Ct)E = (Wt -TWo)V
Hence the distribution space (E) of the fish is given by

E = (Wt = Wo) V (A1l blood and water counts per unit
(Co - Ct) Yolume) : :

Each fish was injected with radio-isotope, as described, and

allowed to attain equilibrium overnight. The fish was then
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anaesthetised in sea water containing 0.037 M5-222 (tricainemethane-

sulphonate), weighed and its displacement volume measured. A blood

sample was then taken and the fish immediately pléced in the Plexi~-
glass tube of the specialiy designed apparatus (Fig. 3). A known
Qolume of sea water (2.5 to 3.0 1) was then added and, after a few
minutes of recycling by the pump to ensure full mixing, 10 ml was"
drawn off forAassay and the volume replaced as described above.

At the end of the experimental period ( 10 to 12 h), a further

10 ml water sample was removed from the tube and the fish iﬁmediately
removed for a blood sample.

Throughout the experimental period, the fish was kept inactive

by the addition of a small amount of MS-222 to the recycling water.

Oxygen was diffused into the water via the pump (Fig. 5) to reduce
the degree of anaesthesia as required.

This apparatus was found to be impractical when measuring urea

‘space, in view of the very long time period ( 10 days) required for

sufficient radio-isotope to be lost from the fish. The fish were

 therefore placed in small polythene tanks containing 10 1 of sea

water, mixed and cleaned by small air-powered filters. The same

experimental procedure was .adopted.
BLOOD MEASUREMENTS

After separation from whole blood by centriﬁugétion, serum for
liquid-scintillation counting was mixed with an equal volume of 57

trichloroacetic acid, allowed to stand overnight at 5°C, and recentri-

fuged. - This procedure prevents the 'colloidal effect" (due to

suspended proteins) sometimes produced when adding serum to
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sciﬁﬁillation fluid. Beckman TLA "Fluoralloy" /Iriton X~-100

" {toluene~based) scintiliation mixturé used for counting Chloride-36
and l4c-urea but tritiated water was counted using Schwarz-Mann
"Unogel™.

Sodium-22 activity was measured using a Packard Model 578
Gamma Scintillation Spectroﬁeter, serum samples being diluted in
isotonic saline. - Chloride-36, l4c—yrea and tritiated water were
‘measured using a Packard Tricérb Model 3380 Liquid Scintillation ‘
Spectrometer. Quench corrections were made uéing the Automatic )
External Standardization system.,

Serum chloride concentration was measured after Schales and‘.
Schalés (1941) and urea after Pré et al. (1968). A Knauer
platinumjthermistor osmometer was used to measure serum osmclarity.
'Seruﬁ sodium'wa$ determined by flame emission spectroscopy, u;ing

a Unicam SP 1900 Atomic Absorption Spectrophotometer,
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RESULTS
TURNOVER RATES

Turno§er rates for fish in normal sea water are presented in
Table 1. With the exception of sodium, these vglues are ﬁéken
from Figs. 6 to 8, representing turnover rates at different
salinities. The latter are also expressed numerically in Tables
2 and 3. Turnover rate is expressed as a percentage of the
exchangeab1e~subsﬁance in the body exchanged per hqur and is
obtained by multiplying the flux constant (K) by 100.  No
appreciable difference was foundyhetween the two sexes, and results
are thereforevpresénted irrespective of sex. Each fish was used
only once at each salinity.

Fig. 6 ihdicaﬁes the éffect of salinity change upon chloride
turnovér. It can be seen thét turnover is maximal in nﬁrmalusea
water. Fig. 7 presents the’effect of salinity change‘upon urea
tufﬁover.ﬁ Urea turnover appears fairly constaﬁt in the mid-
salinity range but is affected at the extremes. The effect of
salinity change upon water turnover is presented in Fig. 8. 'Here,
salinity effect is far less marked but again turnover is maximal

in normal sea water.

EXCHANGEABLE IONIC SPACE

Measurements were made of both exchangeable urea space and
exchangeable chloride space. Since however, the measurements of

urea space gave inconsistent results, the estimation of the volume
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of exchangeable ionic space has been based purely upon ﬁhe chloriae
space results. Ekchangeable chloride space can be expressed either
as a percentage of the total displacement volume of the fish, or as
volume per 100g fresh weight. Based on a calculated density, for
Poroderma africanum, of 1063 g/l, the exchangeable chloride space
&as>founa to be 34.4 * 8.6 7 of the total volume, or 32.4 * 8.0

ml/100 g (n = 16).



- Table 1.  Serum concentrations and turnover rates of the substances examined, for Poroderma africanum in

normal sea water.

Substance : o « Serum concentration Turnover rate
‘ (Mean ¥ $.D.) ‘ ; . (Mean * S.D,)
Na 238 % 7 mM/1 - . 0.24%/h * 0.01 3
V (n = 10) : : (= 8)
c1 | | 261 * 5 /1 L , 2.47%/h * 0.09
(n =10) K (a = 8)
H,0 —— - ' v 972/h T 4
’ (n = 7)
Urea ‘ | 462 X 13 mM/1 , - 0.08%/h X 0.01

(n = 6) | - | (=7)

- 1Y -




Table 2. Chloride

water.

and water turnover rates for Poroderma africanum in salinities other than normal sea

External medium mMCl/1 -

450 - 500 g 600 650
Turnover rate Cl° 1.152/h | 1.89%2/h * 0.23 1.38%2/h * 0.14 1.80%2/h * 0.25
(Mean ¥ 5.D.) (a = 2) (n =5) (n = 4) (a = 3) '
H,0 83%/h 3 81%2/h * 4 86%/h L 4 85%/h % 5
| =5 (@ = &) | @ = 5) . @=5)

A



Table 3. " Urea turnover rates for Poroderma africanum in salinities other than normal sea water.,

External medium mOsm/1

750 - 900 1000 | 1170
Turnover rate 0.06%Z/h ¥ 0.01 0.08Z/h * 0.01 0.07Z/h ¥ 0.02 ©0.11%Z/h X 0.02
(Mean * §.D.) (n = 4) . @=5) (@ =5) | (=5

- EQ;...




_44-

DISCUSSION -

The measured sodium turnover raté of 0;24Z/h,.for Porodérma
africanum in normal sea water, is rather low, by comparison with
the findings of other workers. It is about half the value
obtained by Burgér and Tosteson (1966) for the spurdog, Squalus

acanthias,' and is well below the figure of 0.74%/h, reported by

Chan et al. (1967) for the lip-shark, Hemiscyllium plagiosum.

| In view of the short time period (48 h); over which the
investigation was carried out by Burger and Tosteson - without
apparéntly allowing for the attainment of equilibrium between
tracér and fish - no reél»comparison can be made between their
efflux results and those presented_here. It has been found, for

P. africanum, that immediately after injection of radio-isotope,

the appafent flux rate (as measured) is higher than the same rate,
when measured again after about 6 h. This is attributed to in-
adeqﬁate mixing between tracer and-body fluids in this short timéb
period, and has been substantiated by Comar (1955). After mixing

is complete (6 h), the measured efflux rate is invariably constant.
‘Disregard for this mixing time could well result in a higher measured
turnovér rate than the true value. Moreover, the results presented
by Burgér and Tosteson (1966) appear to be based on measurements of
only two fish. Chan et al. (1967) appear to have taken the mixing
time into account and their tﬁrnover rate of 0.74Z/h, for sodiuﬁ

in the lip-shark may be taken as a sound comparison. Unfortunately,
no figures are available fqr chloride turnover in this species.
Carrier and Evans (1972) have reported a sodium turnover rate of

0.467/h * 0.16, fof the nurse shark, Ginglymostbma cirratum. Their
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meaéurementg were carried out aé 24°C, which is somewhat highef
than the temperature at which most of the other quoted workers
‘measured turnover rates (mostly between 12°C and 18°C). More
recently (Cafrie; and Evans, 1973), they have reported a sodium
tqrﬁoﬁer rate of O.ZSZ/h 1 0.16,.in the fresh-water elasmobranch

«Potamotrygon - also measured at 24°C.

In view of inadequate handling and scréening facilities,’the
Vprolongéd laboratory use of a long-life gamma-emitter, such as
'SodiﬁerZ, was considered unwise. and consequently it was decided
to experimentvon 8 fish in normal sea water only. No salinity—
effect studies were therefore carried oﬁt for sodium trunover.

- The rate of chloride‘turnover, in P. africanum, was found to be

ten times that of sddium.' Maetz and Lahlou'(1966) showed similar

resﬁlts in the two dogfishes Scyliorhinus camicula and S. stellare.

Since P. africanum can be regarded as a Scyliorhinid-type (from.

phySical éppearance), the similarity is interesting. The teh—

fold difference is not apparent in all species of elasmobranch;
Carriér and Evans (1972) reported the difference as beinngnly'about
four fold in,the nurse shark (i;SZZ/h, for chloride turnover)'and

“even less than this in the fresh-water Potamotrygon (0.227/h, for

chloride turnover).

The effect of éalinity upon chloride turnover in.P. africanum
(Fig,yﬁ) is qﬁite pfonouﬁced, Turnover was maximal in normél sea
waﬁer But.high turnover was found even with slight dilution'of the
medium (down to SOOkmM/l Cl). At lower salinities, the flux rate
dropped towards 1%Z/h. The sharp peak in turnover rate at about
normal sea watef appears to be superimposed upon an otherwise

gradual increase, with salinity increase. This could result from
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an increased inwéfd diffusion of chlériderat higher salinities
being Ealaﬁced by‘indreased output. It has been shown'(Haywood;
1973) that serum chloride‘only rises élowly with increase of
external salinitﬁ. " The overaii curve of Fig. § indicates con-—
siderable reductioﬁ in(body pefméabilitﬁ to‘chioride, when fish
are(invunusﬁal salinities (the speciésvis considered ﬁo be
stenchaline).

Thé piesent estimation of chloride spaceAgives a voiume greatef
than that of Thorson (1961), which was 28.3% body water — if the
volume is assumed to be total extracellular fluid (blood plus
:interstitial fluid).‘r Kirsch (1972) reported a chloridé space of
betwgen‘22.3 and 29.9 ml1/100g for fresh-water and sgawatet -
acclimated eéls,‘although he reported that transfer from one
salinity to anéther caused slight changes in chloride:spéée.

All present experiments were’carfied out over the mid-raﬁge of
salinities, over which cﬁloride épace was assumed to be a constant
volume. There is scope for future investigations into salinity

effects upon exchangeable ionic space volume. =~ Burger and Tosteson

{(1966) reported sodium space in the spurdog, Squalus acanthias, as
" below 25 ml/100g. |

By taking chloride spaceAinto account, as exchangeable ionic
space, the turnover of sodium and chloride can be expressed in
absolute units, i;e. 18.5 pM Na/100g/h énd ZO%gM C1/100g/h, for

P. africanum in normal sea water. Similarly, application of

exchangeable chloride space to urea turnover, results in a ca1¢u1ated
absolute figure of 12 uM/100g/h. This is half the value given by

Goldstein and Forster (1971), for the little skate Raja erinacea,

and also that for Scyliorhinus canicula as observed by Payan and
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Maetz (1971). Since exchangeable ionic space seems no smaller

than for other species, with serum urea at 462 mM/l, the very small

urea loss in P.'africanum must be attributed to the extremely slow
turnover rate. Carrier and Evans (1972) have also'calcuiated urea
ﬁurnover in absolute units, as more than double the present findings -
buﬁktheir figures are based on two estimations of exchangeable ﬁrea
space — 38 ﬁl/IOOg and 69;m1/100g. All elésmébranchs,so far

studied haVe shown very slow urea turnovéf, which is not surprisiﬁg

' ‘iﬁ‘view qf ﬁhéirVSPecialized ability to reabsorb and retain urea

in the tissueS'tKempton, 1953; Boylan, 1967). >Indeed this may be
possibié’by the production of a 1§w~prea environmeat in the,y;cinity
of thé terminal segmenﬁs of the\renal tubules,‘résulting in passive

‘ uréa'reabéorption (Boylan, 1972). . Since Goldstein (1967) has

determined the rate of urea synthesis in Squalus acanthias as

approximately 27 pM/100g/h, it appears that in the elasmobranchs
studied so far, urea synthesis always equals the diffusional loss

across the epithelium. Urea synthesis would not be required at

this raté for P. africanum; in view of the small loss and cbvious
high degree éf impermeability ﬁo urea at the epithelium.

Salinity ‘effect upon urea turhover,~in the above species, is
quite marked. Over the mid-range of salinities, turnover is
:elétivelyrunaltered (0.08%/h) but in‘eitremely‘low and high
salinities, the rate decreases to 0.057 and increases to 0.1%/h
feséectively; The’overall.curve of Fig; 7 may be interpreted as

~higher body urea concentration causing increased passibe outw%rd
diffusion, at higher salinities. Reduction in extgrnal saliﬁity
will also 1eadrto a fall in internal osmoiarity, by adjustment of

the serum urea concentration. This will lead to a decrease in the
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urea concentration gradient between the bédy fluids and external
medium, resulting in-a parallel fall in urea tﬁrnover.f Payan et
al. (1973) found thét, in skates graduélly adaptéd to 507 sea water,
~branéﬁia1 urea excretioﬁ decreased from 57);moles/100g/h to 20, in
“direct relation to the reduction in plasma urea conéeptrationé‘
from 589 mM/1 to 227. There appeared to be noAchange in the
permeability of skate gills to urea during adaptation. It is
noteworfhy that they méntioned these findings, regarding unchanged
permeability to urea, as béiﬁg conﬁrary to éer;ain other elasmo-
‘branchs. The extremes of the curve (Fig. 7) of present results
suggeét‘é drop in the otherwise high impermeability to urea, pre-
sumabiy resulting from the added stressAof the drastically changed

external medium.

Water turnover in P. africanum is ektremely high, iﬁ‘keeping

| with findings for other elasmobranchs. ‘This suggests a high degree
of wétei permeability which argues agéinst earlier suggestions
(Prige, 1967;'Price and Creaéer, 1967) that water permeability in

‘ elasmobranchs‘is low. Thei;'suggestions séem to be based on a

48 h period being required for the attainment of osmotic equilibrium,

after transfer to diluted medium. Since, however, similar findings

havevbeén reported for P.'afficanum‘(Haywéod, 1973),iit may well be
that the equilibrium time is more dependant upon the slower'ion
fiuxes,»so that water pefmeabiliﬁy ié'not a limiting factor.
Carrier and Evans (1972) suggested that water turnover might be’
limited Sy cardia.output. Randall (1970), however, has reported a
cardiac output of the order 150 ml/100g/h, for elasmnbfanchs.
Assuming the total body water of the species to be 75 ml/100g fresh

weight;’as indicated by Holmes and Donaldson (1969), and assuming
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this water e#changes as a single compartment, this gives P.
africanum a water turnover of 73 m1/100g/h - which could well be
 handled by cardiac output. Results of unpublished work indicate
that much of this ﬁatér turﬁovéf, and indeed ionic transfer, occurs
at the gills. Maétz andeahlou (1966) indicated(that branchial
fluxés were responsible for a laige part of the overall fluxes
an& recént work by Payan and Maetz (19?3)(has shown definite
branchial sodium transport mechanisms.

© Salinity effect is}much less pronounced on water turnover,

than on ion turnover, but it appears that for P. africanum water

turnover is maximal in normal sea water, decreasing towards 807%/h
with dilution or concentration of the medium. Payan and Maetz

(19?1) have stated similar findings for Scyliorhinus canicula,

Raja montagu and Torpedo marmorata, where transfer to 857 sea

water resulted in decrease in water flux rates. Present results
indicate only relatively.small change in water flux with salinity
change, which might be partly accounted for ﬁy only small changeé
in the osmotic gradient between Blood and external medium as
salinity is altered (Haywood, 1973), but may also be produced by é
drop in body permeability tb water, Qhen animals are in unusual
salinities. It has been shown (de Vliaming and Sage, 1973) that
when stingrays are transferred to 357 sea water, from normal sea
water, plasma osmolarity decreases by only 232, and they suggested
that the animals were more efficient (i.e. possibly less perﬁeable)
than other species studied. They further showed that stingrays
méintain bodykwater balance in diluted media. ‘Measurement of
water turnover in stingrays in dilute media would form an interest-

ing comparison with present findings. It is interesting that both



- 55 -

stingrays (de Vlaming and Sage, 1973) and clearnose skates (Price,
1967; Price and Creaser, 1967) show a greater osmotic gradient

between blood and external medium, than does P. africanum, as

salinity falls, so that in very dilute media the blood osmolarity
of those two species is well above the isosmotic line.

In conclusion, Poroderma africanum shows certain physiological

adaptétions towards the stenohaline conditions of its environment,
an important‘oné of which is the reduction in body permeability
to»ionSjand water, when salinity conditions alter away from the
‘normal . Neﬁertheless, present reéults, togethér with previous
findings (Haywood, 1973), altﬁough carried out under Iaﬁoratory
vcond{tions, in either diréction, without any‘apparent adverse
effects. It is fherefore suggested that whatever factor prevents
the species from penetrating brackish or hyperﬂsaiine waters under

natural conditions, it is not an osmo-regulatory one.
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CHAPTER 6

. SODIUM, CHLORIDE AND WATER EXCHANGE ACROSS THE GILLS.*

ok ‘Acéép‘ted for publication in ™Marine Biology", July 19,?4. '_ » '
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ABSTRACT

Under laboratory conditions the gills of the stiped dogfish

(Poroderma africanum) ﬁere $tpdied as a possible site of ion and-
water transfef between‘internal and external media. Haemotocrits'
showed thét a drop in the external oémolarity ?roduced increase in
blood volumé, measured as a decrease in blood p.c.v.'s (packed cell
volume).  Similarly, when fish were exposed to increased external
osmolarity,Athe converse occurred, with resultant rise in p.é.?.'s.
The‘uée of éhencl red showed that normally-fed fish did not drink
the médium éﬁd hence dilution of the blood was ucst probably due to
water influx at the gills. Hypo-osmotic fish (due to under-feeding)
were found tb drink the medium in apprebiable quantities and dilution
and‘concentration of external medium had a more pronounced effect on
blood p.c.v.'s in these éniméls. The p.c.v.'s of normally-fed
animals retqfned to,initial values within 7 days after transfer to
new medium, in most case;, but ﬁypo—osmotic animals too# longer to
adjust to the new state of water balance. Surgical closure of
rectal glaﬁd and urinary systems produced initial rises in serum
sodium and chlorideklevelé, but these reached equilibrium after 5

‘to 7 days, indicéting compensatoryvregulation by some other organ,
suéh as the gills.  After removal of .the sutures to the urinary
systems. of 3 fish, there was a notiéeable drophin sodium and chloride
ievels of the serum in these individuals. = All fish were kept for

14 days in the 1aboratdry,~with little change in blood composition
(as measured) and with only the gilis as regulatory orgéns in two
'éf them. By using the radio-isotopes Chloride-36 and Sodihm-22, it

was shown that both ions are lost at the gills, against the concen—
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,fration gradient. Histochemical examination of gill tissue from
several fish indicated that many cells contain high concentrations
of chloride and are proBaEIy the site of chloride excretion. The
number of such cells increased with increase in external salinity,
and they were also abundant in tissue from hypo-osmotic animals and
those with inoperative urinary and rectal gland systems. From
these findings, it was therefore concluded that the gills have a

definite role in the ion and water balance of this species.
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INTRODUCTION

Iﬁ 1930, Homer W}vSmifh formulated the hypothesis that marine -
teleosts drink'largé quantities.of the external medium, from which
water and salts are absorbed by the gut and Sélt is excreted at the
gills, which therefore form an important osmoregulatorﬁ organ.

Later work (Smlth 1931) led to the suggestion that such was not the
- case w1th marine elasmobranchs, as they were not found to drink the
medium "as‘g rule". Under normal conditions, elasmobranchs have
been shown to maintain slightly hyper*osmotic blood, by the ;eabsorp—
tion and retention of urea (Shith, 1931; Kempton, 1953) - thus making -
up thé’osmoﬁic deficit between body fluids and external medium, which
would otbéfwise result from.the low blood salt level. Boylan (1967)
vshowed that 95% of fiitered urea is reabsorbed by the elasmobranch |
renal tubules compared with qnly.BSZ thio;urea - arguing for a
possible active‘reabsorptionimechanism. Later work by Boylaﬁ (1972)
has héwever; suggéstéd that, due to a tubular "low-urea environmeﬁt",
passive urea absorption @ay well occur in the elasmobramnch kidney.
Schmidt—Nielsen EE.EL‘(1972) have suggested-that sodium—linked urea

transport occurs in the renal tubules of Squalus acanthias, so that

the actual mechaﬁisms of urea reabsorption:in elasmobranéhs are still
' only partially underétood.

The hypotbésis‘that marine,teleosts actively excrete éalts at’
the gills wés futther strengthened by histochemibal studies of gill
tissue from several species. Keys andiWillmer (1932) shéwed the
presence of definite '"¢hloride-secreting cells" in the gill epithelium

of the eel Anguilla anguilla, and later, similar cells were found in

the gills of the euryhaline teleost Fundulus heteroclitus (Copeland,
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1948, 1950) and also in gill tissue df'fresh-water teleosts (Datta
Munshi, 1964). Keys and Willmer were unable to find such cells in

the gill tissue of Scyliorhinus $p. ~ the only elasmobranch examined

by them - and they concluded that such cells are absent ffom elasmd—
branch gill tissue, so that the gills are not important as oééo-
regulatory organs. There Qere several objections to the ion-
secreting idea of définite "chloride cells", és suggested by Keys
and Willmet. Bevelander (1936, 1946) and Parry 9331 (1959)
objected .on the grounds that these were ﬁot "special cells" but
no:mai epithelial cells that wefe excfating the chloride. Doyle
and Gorecki (1961), with one 6f the first ultrastructural investi-
gationé (all previous‘studiés had been at'the light microscope level
only), found similar éélls in elasmobranch-gill tissue and concluded
that such cells served other purposes as well as chloride secretion.
Subsequent WérkerS'have reported "chloride'cellé“ in éeveral fish
Speéies énd more recently definite ion-selective transport me chanisms
have,beeﬁ described, in connectiqn with these ''chloride cellsg"
(Maetz and Garcia Romeu, 1964; Maetz, 1969, 1971, 197‘2;' Kamiya, 1972;
Evans et al. 1973). As a result, the teleost gill»is now regarded
ésﬁan important osﬁoregulatory organ,

The suggestion that elasmobranchs do not excrete salts at the
gills was further strengthened in 1960 by the work of Burger and
‘:Hess.oﬁ the rectal gland, indicating its functién as a salt gland.
The hypothesis was put forward that the rectal gland was able to
excrete a concentrated sodium chloride solution and inléo doing,
maintain ionic and osmotic baiance in the elasmobranchs.

Later work with Sodium-22 radio—isotope (Burger and Tosteson,

1966) showed that sodium ions are transported between body fluids
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and external medium in the head region of the spiny dogfish Squalus
acanthias - most probably at the gills. Maetz and Lahlou (1966)
. also showed that branchial efflux was responsible for a large

portion of the total ionic efflux in Scyliorhinus spp. and Payan

and Maetz (1971, 1973) have shown similar findings for the dogfish-

Scyliorhinus canicula. They have also reported the presence of

"chloride cells" in the gills of the same species.
In the light of the above, it was decided to investigate the
possibility of branchial ionic and osmotic regulation in Poroderma

africanum.
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MATERIALS AND METHODS

Pyjama sharks Poroderma africanum (Gmelin) were collected and

kept in the laboratory as described previousiy (Haywood,VlQ?S).
Fish ranged in size between 0.5 and 0.8 m in length and 1 and 3 kg
in weight. Both sexes were represented approximately eqﬁally.

In the laboratory, animals were képt at 13 * 19C and fed teleost
meat and small whole cephalopodé at reguiar intervals until 48 h
prior to the commencement of experimentation, as explained previously

(Haywood, 1974a).
DRINKING OF THE MEDIUM

The indicator dyébphenol red has been previously used (Smith,
1930)'to‘demonstrate‘that mérine teleosts drink the medium. Phenol
red does not enter the blood capillaries to any appreciable extent
and caﬁ onlyvappear in the alimentary canal as result of direct
ingeétion of the external medium. Fufthermore, the fact that the
dye is not readily abéorbéd,frcm‘the intestine leads to its extensive
cénéentration in the gut, as watervand salts are aBsorbed.

Six fish, which had been kept unfed for over 21 days, aﬁd which
exhibited hypo—-osmotic serum, were placed in sea water ofisimilar
salinity to the acclimation medium (slightly bélow*normal sea wéter)
but containing sufficient phenol red to colour it deep pink.
After‘24 h, the fish were removed, lightly anaesthetised invsea
water containing’MSHZZZ (tricainemethaﬁesulphonate) and stomach
fluid withdrawn by means of a thin flexible tube with attached

syringe, passed down the pharynx. - Fluid from the posterior gut was
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sampled,>where possible, by a similar arrangement introduced into
the rectum. The presence of dye in the stomach fluid was made
immediately‘apparent'(if present) by the addition of 1 pellet of
NaOH to the sample, increasing the pH and rendering any phenol red
- present dark red in éolour{ Three control animals exhibiting
hypér-osmotic serﬁm, were #lso treated as a&ove.

Other animals were also treated with phenol red, as an investiga-—
tion into possible drinking‘of the medium, but this was done in con-
nection with other experiments and is briéfly described, where

appropriate, in the following sectionms.
HAEMATOCRITS

Animals were acclimated to sea water of known osmolarity (see
results) for a l-week period, after which, a blood sample was taken
from each fish (after Haywood, 1973). Sérum osmolarity was |
measured and haematocrié# (expressed as packed cell volumes or
p.c.v.'s énd measured as a pérceﬁtage,of total sample volume) were
read,‘afger centrifuging the blood in heparinized tubes at 12,500
r.p.m. (16,000g) for 6 minutes. Eleven animals, in two groups
(6,5)‘werevthen transferred to diluted sea water (for acthal‘values
see Tables 4 -and 5). Blood‘samples for haematocrits were taken at
regular intervals (see results) after transfer,.until bloﬁd P:C.V..
returned fo original valﬁes.r In order to keep the total blood
sample volﬁme from each fish as small as possible, osmolarity was
ounly meaéured at the beginniné of the experiments, after 3 days,
and at the end, The second groué of 5 animals contained 2 which

‘had been unfed for over 14 days and showed hypo-osmotic serum. All
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5> were exposed to some of the dilutéd sea water which contained
vsufficiént phenol red to colour it deep pink. After 24 h in dyed
medium, gut fluid was sampled forxtraces of phenol red, as described
‘previously. |

In a third group of 5 fish, 3 normally-fed animals and 2 unfed
ones were transferred to a hyperosmotic medium (Table 6). Animals
' were treated exactly as the above-mehtionea group, with the‘phenoi

red being added to the hyperosmotic medium.
. BRANCHIAL ION EXCHANGE

Five fish wefe uséd<for the determination of branchial chloride
excﬁange by means of radio—isotﬁpe. Each fish was anagstﬁetised in
Séa water contaiﬁing 0.037 MS-222 and was then injected intravenously
Withvébﬁut 3 pCi of Chloride-36 in isotonic saline. The fish was
then~fep1aced in;the sea water containing MS—ZZZ‘for a further 15
minutes, to ensure complete anaésthesia and cessation Of any super;
ficial bleeding from the injéction. It was then placed upside down
on the sloping Plexigiasé table of the experimental apparatus (Fig.
9) and 1 litre of fresh seavwategz containing just enqugﬁ M§-~-222
to maintéinylight énaestheéia,>wa§ recycled ovér the'gills. ~ After
being sprayed into the gill arches, frﬁm lateral jets inside the
buccal»cavity, the sea water ran out through thé gill slits, thus
irrigating the gills, and wasrcollected in a reservoir below, from
where it was recycled and oxygenated. The posterior part OfAﬁhe~
fish was bathed continuously in a small volume of sea water separated
from the recycling anterior compartment. After 6 to 10 h, samples

of the recycled sea water were taken and the fish returned to its



oxygen Fish in
support
tank

FIGURE 9,

Apparatus used for determination of branchial ion exchange.
from the reservoir (rs), flow rate being controlled by tap X,
lateral jets, inserted into the buccal cavity of the fish.

on a Plexiglass table (pt), so that water flows out of the gill slits and back to the
reservoir, for recycling. Equipment shown in Plates 5 and 6.

Sea water (sw) is pumped up
and into a tube (t) with
The animal's head is inclined
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' iaboratory tank. The average activity of 6 samples of original
(non radioactive) sea water was compared with that of 6 samples of
the final recycled,médium, in each expefiment. Results were
analysed statistically.

Sodium loss at the gills was determined by a similar‘method,
yfbr 3 fish injected with Sodium-22 radio-isotope.

The above technique was only carried out with fish in normal sea
water (467 mM Na/l, 550 mM Cl/1) and was used merely to determine
whether or not ions we:e being lost at the gills. Im order to
measufe the rate of ion loss (i.e. efflux rate), it is appreciated

that the technique requires further modification.

SURGICAL METHODS

Five fish (plus 1 control animal) were used to invastigaté the
effects cf inactivation éf the urinary and rectal gland systems ﬁpon
'biopd sodium and chloride levels. " The experiment was carried out
on animals‘in approximately nbrmal salinity sea water.

Each fiéh was anaesthetised in sea wéter containing 0.037 MS-222
for 15 minutes and was then transferred to an inclined ?lexiglass
operating tablé énd.wag arranged ventral surface uppermost and the
" head lowest. Sea water, cooled by ice packs énd containing éuffi—'
éient MS~222vto maintain anaesthesia, was then recycled over the
gills, from a reservoir below.

Under anaesthesia, the urinary opening was closed by aA"purse
string" suture around the’neck of\the urinary papilla and the arrange-
ment was checked, by drying the paéilla and squeezing the urogenital

tract gently (to stimulate urination). ~The ventral surface of the
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‘abdomen wasrthen opened by a small mid-line incision, just anterior
to the pelvic fins. The duct joining the rectal gland to the gut
was then tied off securely with 2 silk sutures, as nearrto the gland
as poSsiblg. The peritoneum and body wall were then sutured, after
the addition of a small amount of antiseptic cream to the wound.
The §uture was made waterproof by the addition of water-repellant
cream to the outside.

| Capillary bleeding_during surgery was eiiminated by immediate
bcéuterization and infection risk was kept minimal by normal surgical
aseptic techniques. Iﬁ all cases, infection of the wound was not
apparent fﬁr more than 14 days after surgery.

A 3ftér operation, fish were allowed to recover in experimental
» tanks heavily shaded to reduce activity of the fish. Blood
samples were taken from the fish at’intervals (see results) over a

period of 2 weeks.
HISTOCHEMICAL EXAMINATION OF GILLS

Histochemical examination of gill tissue was carried éut by
light microscopy, after silve; staining, by Copeland's (1948)
modification of the Lescﬁke method. This test for chloride hgs
been previoﬁsiy uséd at the light microscope 1eye1 by‘Copeiand and’
Datta Muashi (1964) and more recently by Fearnhead and Fabian
(1971), at the eléctron microscopé level. | |

The test was carried out on 3 fish from high—salinity sea
water (740 mM CI/I); 3 fish from normal sea water (550 mM C1/1) and
3 fish from diluted medium (450 mM C1/1) - all of which had been

normally fed. 1In addition, 2 animals with urinary and rectal gland
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systéms suturéd, were examined after the experimental périod of 2

weeks, Two animals'wiﬁh hypo-osmotic serum; which showed traces

éf phenol red in the gut, were also sacrifiéed for the chloride test.
Animals were removed from>seé water; stunned with a sharp blow

to the head and quickly decapitated. Portions of each gill arch

were then excised and immediately transferred,to isotonic saline atk

5°c. Under saline, filaménts were cut free and’after briefly washing

under distilled water_(tb remove surface chloride), Qere subjected

to silver staining. This was origihally carriéd‘out after Copeland

(1948), with gold toning,‘to increase contfast, but later mddified

to the following procedure.

Silver staining

1. Fixation 18 h in a solution made up of 1 ém silver
nitrate, 2 ml of concentrated nitric acid
and 98 ml distilled vater. (Half of the
tissue in the first experiment was used as

: control; and subjecte& to a similar solution
Eut without the silver nitfategj

2. Wéshing ~ 2 x 15 minutes in distilled water.

3. Developing 20 minutes in Kodak Microdol-X developer;
diiuted with 3 parts diétilled water.

4. Washing ) 2 X 5 minutes in &istilled water.-

5. Fixation 20 minutes in M&B Amfix, diluted with 3 parts
distilled water.

6. Washing 6 x 30 minutes in distilled water.



With the exception of the final washing (stage 6), silver
‘staining was carried out‘in tqtai darkness, with only indirect
illumination during transfer of-tissue‘ffom one éolution to the
next. ‘After.staining, tissue’was subjéctéd toAgolthoning,’carried

out in subdued light, as follows.

Gold toning

1. Toning 10 minutes in a solution of 1% chloroauric
- acid, containing 3 drops of glacial acetic

acid per 100 ml.

2. Washing 2 x 1 minute in distilled water.
3.  Developing 5 minutes in 2.5% oxalic acid;
4. Washing 2x1 miﬁute in distilled water.
5. Fixing  ' 10‘minﬁtes.in M&B Amfix, diluted with 3 parts

distilled water.

6. Washing . 2 x 30 minutes in distilled water.

Tissue Qas then dehydrated through a series of increasingly
’cbnceﬁtrated'alcohols, in the normal manner,‘and.was cleared in
xyiene. Tissue was then mounted‘in paraffin wax (m.p. 52°C) fér
section cutting. Longitudiﬁal énd transﬁerse sections of filémen#s
and their basés were cut, with a thickness range of 5 to IOP’ with.
a Leitz microtome. ~ Sections were then de-waxed, rehydrated and
stained for 1 h in'BZ potassium dichromate’solution. Sections were
then removedvaﬁd, after rinsiﬁg brief1f under distilled water, were
stained for 1 minute in a solution of alum-haematoxylin and eosin in

20% alcohol.  Counter—staining was carried out for 3 minutes in a



- 72 -

solution’of light gréen in 10% alcohol. Sections were then dehydrat-
ed, éleéred and mounted in Depex, in the normal manﬁer. Sectioﬁs

were examined by light microscope and photogfaphed in ilford Pan F

~ film, using a Zeisé 1540 Photomicroscope 11. ‘The film was dévelOped
with a Beutler.developer (K.Cates ~ personal communicationj to increase

tonal range.
FLUID MEASUREMENTS

 All blood sémples for serum analy;is were allowed to clot over—
night, in giass centrifugé tubes, at 5°C. After serum separation
by ceﬁtrifuging,‘osmolaritvaas reéd with a Knauer piatinﬁﬁ~thermistor
‘osmometer (acéuracy * S‘mOSm/l), chloride after the method of Schales
andVSchaleé (1941) (accuracy * 5 mM/1) and sodium by‘fiame emission
specﬁroscopy, using a Unicam SE 190§_Atomic Absorption Spectrophoto—
meter (accuracy ¥ 5 mM/1).
Chloride-36‘activity‘in sea water was assayed after dissolving
‘0.5 ml sea water in 5 ml of Beckman TLA "Fluoralloy"/Tfitcn X-100
scintillation mixture, for each sample. ‘ Samples were counted on
a Paﬁkafd Tricarb ﬁode1’3380 Liquid Scintillation Spectrometer,
usigg an Automatic External Standardization system for quench -
corrections. Sodium-22 activity was measured directly with 5 ml
ksea water‘samples, uéing a Packard Model 578 Gamma Scintillation

Spectrometer.
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RESULTS
HAEMATOCRITS

P.c.v. results are presented in Tables 4 to 6. Table 4 shows
theAeffeCt of medium dilution upon 6 normally—fed fish. Tables 5
~and 6 each show the effect of change in external medium upon 3
norma11§~fed and 2 underfed fish with hypo-osmotic serum.

Average p.c.v. drop, based on the total of 9 normal fish (Tables
4 and 5), exposed to medium dilution; was 19.9 % 4.97, whereas average
p,c.v. rise, for 3 normal animals exposed to medium concentration was
only 13;6 ¥ 2;42. Since onlyAZ‘hypo—osmotic‘animals were examined in

~ each transfer(Tables SAand 6), the % p.c.v; changes were not averaged.
DRINKING OF THE MEDIUM

Phenol red (visibly concentrated) was fbund in stomach fluid of
all experimental animals. Four of them showed slight traces of the
dye in intestinal fluid. No iﬁtestingl fluid was obtained from the
other 2 expefimental animals. ~ The 3Acontrol fish showed no traces
of dye in eithér‘stomach or iﬁtestina1 flui&. |

Table 7 presenté serum osmolaritiés of the 9 animals;.at'the’timé
of experimentation. |

Phenol red also fognd to be concentrated in the stomach fluid
of the 4 hypo-osmotic dogfish exhibiting large p.c.v. changes
(Tables 5 and 6). No intestinal fluid was obtained from ;heée

fish.



Table 4. Six normally-fed fish exposed to dilution of external medium.

p.c.v.'s (7 total blood volume)
Fish 1 .2 3 4 : 5°
Medium 1000 mOsm/1 22.5 24.0 - 11.0 19.0 22,0

New
medium. 880 mOsm/1

1 day 16.0 20.0 9.0 . 16.5 . 19.0

2 days - 16.5 20.5 9.0 16.0 17.0
3 days 18.0 21.0 9.5 ~17.5 17.5
6 days 22,0 23,5 11.0 18.5 o 21.5
9 days 22.0 23.5 . 11.0 19.0 22.0

Max. %Z p.c.v. change for

- medium dilution of 120 mOSm/l

-28.8% ©=20.0% . -18.02  -14.7% -13.6%
Serum osmolarities (mOsm/l) ‘
Before transfer 1025 1020 1030 1030 1025
3 days : 895 900 905 - 910 900

9 days 890 900 905 900 900

10.5

9,5

9.0
9.5
10.0

10.5

-14,37%

1030 .
905
900

- 9/ -



Table 5. Three normally-fed fish and 2 hypo-osmotic ones (Nos. 4&5) exposed to dilution of the external

medium.

Fish
Medium 1000 mOsm/1 '

New
medium 900 mOsm/1

2 days
4 “days
6 days

9 days

| 11 days

Max. % p.c.v. change for
medium dilution of 100 mOsm/1

Serum osmolarities (mOsm/1)

Before transfer .
3 days
9 days-

23'5

18.0

21.0

23.0

24.0

24.0

=23.47

1030

935

925

23 .0

18.0
18.0
2000

23.0

23.0

-21.77%

1025

935
920

3
12 ‘O

9.0
9.0
10.0

12.0

12.0

-25.0%

1025
920
920

‘ p.c.v.'é (7 total blood volume)

4
22.0 .

13.0

14.0

16.0

20.0

- 21.0

-40.9%7

980
890
880

26.0

27.0 L

15.0
19.0
2240 R

24.0

~44.,57

970
885
875

- ¢/ -



Table 6. Three normally—fed fish and 2 hypo-osmotic ones (Nos. 4&5) exposed to concentration of the external

medium, :
p.c.v.'s (% total blood volume)
Fish 1 2 3 4 5
Medium 900 mosm/1 21.0 10.5 19.0 12.0 13.0
New
medium 1010 mOsm/1
| 1 day 22.0 10.5 20.0 14.0 1 17.0
3 days 24.0 12.5 21.0 . 14.0 17.0
6 days 22.0 '12.0 20.0 16.0 18.0
9 days 21.0 11.0 19.0 14.0 17.0
11 days . 21.0 11.0 . 19.0 13.0 14.0
Max. % p.c.v. change
for medium concentration -
of 110 mOsm/1 +14.2% +16.3% +10.5% +33.,3% +38.,07
‘Serum osmolarities
‘ Before transfer 915 920 910 890 890
'3 days 1010 1020 1010 980 990
9 days 1025 1030 1030 980 980

- 9l -



. Téb1e<’7§'.  Serum osmolarity of 6‘hypé—oémotic adimals‘and 3 hYpérosmotiC control fish, at the time of

.~ treatment with phenol red. - -

Fish" T  ‘Contro1_1 o2 ’f' C3 "'}1"',V11 2',9‘ 3 ‘f?' V‘& ;;.'i‘_5 ;iti ;6 ' Sea Water ‘

.~ serum (mOsw/l) 965 970 . 970 920 910 930 930 920 920 * 950

-~



Table 8. ‘Serum osmolarity (Om = mOsm/1) and sodium and chloride concentrations (mM/1) for 5 fish with
inoperative urinary and réctal gland systems and 1 control animal. #*indicates point at which
urinary sutures were released from 3 animals ifesul’ting in returned urine flow.

. . . . |
Fish 1 Fish 2 Fish , Fish 4 Fish 5 Fish 6 (Control)
Days Cl. Na Om CL Na Om | 'Cl Na “om ¢l Na Om ClL Na Om CL Na Om
i 280 270 1020 275 271 1010 248 250 970 258 239 960 | 256 247 970 248 235 970
. ; . = ,
2 280 291 970 264 261 960 | 260 260 970
4 | 310 298 1020 288 295 980 | 272 - 970 | 288 265 975
6 325 320 1015 304 300 98 | 300 - 980
7 330 329 1020 . 310 305 1010 ‘ 245 237 970
8 | | | * 300 285 980 | |
9 344 326 1015 | * | 280 260 970 | *
10 305 296 1000|
11 ' 335 330 1025 345 325 1015 270 256 960 | 270 260 -
12 | 0 - 1000| |
13 N , -
14 348 327 1015 | 300 261 980 | 240 250 955 | 260 252 970 | 248 236 970
15 N |
Sea water Cl Na  Om ~ Sea water cl Na Om
565 462 1000 445 950

525

-8l -
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BRANCHIAL ION EXCHANGE

The 5 experimental fish injected with Cﬁlofide—36 showed differ-
ences between activities of final sea water samples'and initial sea
water samples which‘were statistically significant:(p<0.001) in every
case.

The same was true for the 3 fish injected with Sodium-22.
SURGICAL METHODS

”Serum,osmolarity, and sodium aﬁd chloride concentratioﬁs of 5
fish (plus control), with)inoperative urinary papillae and rectal
glands are recorded over a l4-day period, in Table 8.

Since several biood sampies were taken from each fish, it'was
neceésary to keep samplé volumes down to 0.7 ﬁi»each'time, witﬁ
the possibility of only one meésurement of osmola?ity, éodium'and
chloride concentratién per sample. - However, previous experiments
have shown that experiﬁental error is sufficiently small fof one
reading to be representative of the true value, to within the

stated accufacy.
HISTOCHEMICAL EXAMINATION OF GILLS

The nature of the chloride test is such that all chloride ions
in the tissue react with silvef nitréte to form silver chloride
deposits, which are then developed pﬁotographically to silver.
These brownish deposits are then darkened further by gold toning, so

that finally all concentrations of chloride in the tissue appear as
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black granular deﬁosits.

In normal sea water (550 mﬂCl/l) and higher salinities, gill
tissue showed abundant silver deposits distributed both at the
bases of secondary lameilae and throughout epithelial cells on the
~ lamellae. Theylow-power appearance of the gills is shown in
Plate 7. A similar appearance was shown by gill tissue from 2
hypo—osmotic fish, which'were found to be drinking the medium, and
from 2 animals with sutured urinary and rectal gland systemé.

Trans?erse sections of primary lamellae showed definite intra-
cellular silver debosits‘in'cells surrounding the afferent and
efferent blood vessels - in the positions where "chloride cells"
were reported by Copeland (1948), as show# in Plate 8.

The fotal absence of silver deposits in gii1 tissue frbm f;sh
in diluted medium (450 mM01/1)‘is illustrate& in Plate 9.

Plates loland 11 show the intracellular silver deposits under
‘highgr magnification,Aas they appear at the bases of the secondary
laméllae, in the positions wﬁere'"chloride gellé" have been reported
by Datta Hunshi (1964).

‘By the nature of the chloride test; thése silver deposits can
be considered representative of original intracellular chloride con~-
centrations or deposits and estimation of the éize of tﬁese'chloride_

deposits suggests a 5 to 15 i diameter.
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PLATE 8. Transverse section through a primary gill lamella,
(after silver staining), showing intracellular
silver deposits (black patches) in cells surrounding
the afferent and efferent blood vessels.

PLATE 9.

Secondary gill lamellae from fish in dilute medium,

showing absence of intracellular silver deposits
after silver staining. '









._85..

PLATE 10. Abundant silver deposits between the bases of
secondary gill lamellae, (after silver staining),
suggesting concentration of chloride ions in
positions where ''chloride cells" have been reported
by Datta Munshi (1964).

PLATE 11. Interlamellar silver deposits under higher
: magnification.,
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DISCUSSION

'Haematocrit results for Poroderma africanum indicate both a high

sensitivity to external osmolarity and permeability éo water ~ a
factor which has'been previéusly demonstrated (Haywood, 1974a).
After 3 days in new medium, the osmolarity of the seruﬁ rapidly
approached that of the new medium. These results suggeét rapid
dfop in serum OSmolarity,immediately following dilution of the
external medium. If such‘a drop were to "overshoot" the dilution
bf the medium, it could accdunt for the quick stabilization of
blood values,-siﬁce watéf géin would be stopped and eéuilibrium
re-attained. |

‘Changes in é.é.v. and sensifivify to variations of the externgl
medium vary wiﬁh different elasmobranch épecies} Gbldstein’and
Forster (lé?l) showed a 207 drop in blood haematocrits for the 1itt1;’

skate Raja erinacea, when transferred over 4 days from full to

approximately half-strength sea water. - Similarly, de Vlaming and
Sage (1973) have shown that haematocrits .decreased for stingrays

(Dasyatis sabina) when tramsferred to diluted sea water, but returned

td’no;mal within 6 days, in_the new medium. Both the above species
showed gain in weight upoﬁ transfer to diluted.medium, indicating a
net water influx. The return of p.c.v.'s to original values, within
6‘Qr 7 days, indicates that body watér content was regulated at a’
kconstant level. Goldstein et al. (1968) showed, however, that

- lemon sharks (Negaprion brevirostris), on transfer over a period of

1'week,_from full to approximately half—strength sea water, showed
no decrease in p.c.v. values and they concluded that sharks in a

diluted medium maintained water balance.
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' The usé of phenol red dye demonstrated that normally-fed dogfish
do not drink‘the medium. Water influx, resulting iﬁ p.c.v. drop,
therefore seems most likely to occur at the gills; Fish which
were found to be drinking the medium, showed more pronounced changes
. in p.c.v., upon altefation of the external medium. Furthefﬁore;
ﬁ.c.v.'s of the hypo-osmotic animals did not approach original values
again until about 11 to 13 days éffer transfer to the new ﬁedium -
suggesting.that the augﬁented water flux between fish and sea water,
due to drinking of the medium, had a pronounced effect on the &ater
balance of the species. . |

Motais et al. (1969) have shown tﬁat inAeels, most of the
vdiffusioual water flow ngurs at the gills and Evans (1969) showed
thaﬁ eﬁryhéliﬁe teleosts appear‘to‘haﬁe greatér permaability'to
water when in dilute medium, than when in sea water. This change
in perméabiliﬁy is due in part to the lower concentration of calcium
iﬁ fresh water, compared with sea wéter,'and also to therhigher
concentration of the hormone prolactin in freshwater*ada#ted fish
(Potts and Fleming, 1970). »PreviouéAresults (Haywood, 1974a)have
shown that water permeabiiity, as measured by tritiated-water turn-—
léver, appears to be maximal in normal sea water;‘declining somewhét
with either diiution or concentration of the medium. Tempergture
effécté ﬁpon wéter‘permeability have been previously investiga£ed
and Evans (1969) gave a‘QIQ for teleostean water flux as 1.9.

Motais and Isaia (1972) have shown a temperature'depéndance of
diffusional permeability to watér in freshwatef-adaptedﬂand seawater—
adapted eels. In the former group, they found that the osmotic
permeability was considerably higher than the diffusional permeability,

indicating the presence of water—filled channels in the branchial
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epithelium. The reverse gituation occurred for seawater—adapted
keels, suggesting that either the osmotic pressure difference between
blood and external medium did not represeﬁt the true osmoﬁic gradient
acroés the‘tisSue, or that‘absorption of watér, linked with a move-
ment of solﬁtes, wés océurring'at a specialized region of the gill.
Payan and Maetz (1971) have shown very high water permeabilities

at the gills, in the three elasmobranchs, Scyliorhinus caniéula,

Raja montagu and Torpedo marmorata, "Diffusional permeability

at the gills<was measured with the help of tritiated water, by
evaluating the rate of water exchangé between internal and external
media, in the above three cases. The rate was found to be very
high, amqunting to 157, 167 and 97%7/h respectively." Their results -
were obtained at 16°C - slightly higher than present experimental
tempetature.‘ It was shown by these two workers, thét the gill was
~ the major site of water exchange, and that the cardiac’output,
ﬁéasurea by :applying Fickfs principle in branchial tritiated water
élearance, was not a limiting factor, for the determination of
diffusional water flow at the gills, -

Whilst no assessment ofvbranchial urea exchange was made in this
‘investigation, it has been previously considered that-the‘elasmo—
ﬁ-brénch gill is fairly impérmeéble to urea and hence little branchial
urea exchange might be expected. Hdwever; recent investigafions

have tended to argue againct this. Boylan (1967) found that

branchial urea excretion in Squalus acanthias was about 25 FM}lOOg/h
at 16°C. Measurements of branchial urea exchange in the euryhaline

skates, Raja erinacea and R. radiata (Payan et al., 1973) showed

an output of between 19.8 and 57.0 pM/100g/h, depending on external

salinity. They found that output increased at higher salinity, due
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to(the higher serum urea level, rather than change'in actual branchial
permeability.  Goldstein and Forster (1971) fcund a branchial urea
excretion of around 23 PM/IOOg/h fof skates of the samé species in
1007 sea water, but the difference between their resuits and those
- of Payan et al. may have Been due to the fact thaﬁ the latter workers
’fed their animals during the expéfiments, whereés Goldstein énd _
FofSter did not. Serum urea ievels might'well have been different
iﬁ the two sets of fish, dge to this, as occurs in the dogfish; :
P. africanum (Haywood, 1973). The resulﬁs ofvPéyan et al. (1973>
have shown that branchial urea output is far«in'éxcess of renal
output and indeed must contribute greatly to the overall nrea loss.

| Present results with Chloride-36 and Sodium-ZZ_indicate thét
:both ions are lost at the gilié,‘against a concentration gradient.
Whilst this in itself is noﬁ evidence of active transport<at the
gills and it is appreciated that a certain degree of passiﬁe b;anchial
efflux may be accounted for by Fick's principle, snch.fiﬁdings are

nevertheless consistent with a suggestion of branchial transport of

ions, as a possible regulatory mechanism in Poroderma africanum.

Maetz and Lahlou (1966) showed that for the dogfishes Scyliorhinus
canicula and §;‘stellafe both urinary and fettal gland salt outputs
were minimal‘byvcompa:ison with branchial output. Horrowicz and
Burger (1968), measuring ScdiUm fluxes acréss the head region éf the

Spurdog, Squalus acanthias, concluded that ion movement through the

skin itself ouly accounted for 2 to 3% of the ﬁotal sodium influx.
They coﬁcluded that sodium influx through the gills was about 10
‘times that through the skin, although in this éase, the ion movement
was along the concentration gradient. Above fin&ings, togeth;r

~with those of Burger and Tosteson (1966), suggest that the head region,
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and in particular the gills, of S. acanthiasrmay be a source of ion
influx - probably by’passive diffusion along.tﬁe ionic gradient.
Preéent results suggesf'that such passive influx of ions at the gills
is only a part of a more complex ionic turnover ét this site, where
ionic efflux at 1eas£ balances and probably exceeds the diffusional
influx. Similar cdncluéions may be drawn from the findings of Payan

and Maetz (1970), where branchial salt regulation in the genus

Scyliorhinus was found to account for two-thirds of the total sodium

~ efflux. By comparison, rectal gland secretions were minimal, pro-
viding only one-tenth of the total sodium efflux. More recently,
Payan and Maetz (1973) have measured branchial sodium transpért

- mechanisms in Scyliorhinus canicula, and have suggested the presence

of a Na+!NH4* and ﬁa+ H* exchange mechanism, which bears strong
simiiarities to.mechanisms previously éhown to act in teleost gills
{Maetz and Garcia Romeu, 1964; Maetz, 1971, 1972; de RenzisVand
Maetz, 1973; Whitelaw, 1973). Sodium exéhaﬁge aﬁ marine teleost
gilis has been shown to be teﬁperatute dependant (Maetz and Evans,
1972), as would 53 expected for any active transport mechanism and

it therefore seems probable that the models proposed by these workers,
for ion transpoft<acfoss teleost gills, may have their éounterpart in
the gills of elasmobranchs. Payan and Maetz (1973) felt that it was
unwarranted to definitely attach an active transport mechaniém'to

" their findings of sodium transfer, without information on the
‘electrical potential across the gill epithelium, as has been reported
in eels (Maétz and Campanini, 1966), but they sﬁill felt that, by

ion transpdrt; the gills playedia major role in the osmo-regulation
of the spécies.‘ |

In keeping with the findings of Maetz and Lahlou (1966), present
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results suggest that the reétal gland plays a minor role in salt
regulation ih'g; africanum. Surgical élosure of both the rectal-
gland duct and urinary papilla causedvinitial.rise in serum sodium
and chloride levels; but in ail cases the riée stopped after about
1 week, suggesting coﬁpensatory regulation by somé other organ.
Release of the urinary cgnstriction, after about 8§ days, in 3
animals, fesulted in a fall in blgcd sodium and chloridé levels,
; until they approached initial‘ﬁalues. Such animals, with non-
functioning rectal glands,vwere kept successfully in the laboratory,
without appreciable rise in serum sodiumAand chloride levels, for |
over 14 days. These results are‘intérpreted as indicating a
greater fegulatory mechanism by the kidnéys and gills than by the
rectal gland. Subseqﬁent unpublished resulfs furtherbsupport this
idea, suggesting that salt regulation by the rectal gland is
minimal in P. afriCaﬁum. |

| Histochemiéal examinatibnAof'gill tissue froﬁ 2 animals treated
as above showed abundant chloride concentrations between the bases
of secondary 1amé11ae and also in many of the epithelial cells
around ﬁhe margins of the seéondary lamellae (Plétes 7, 10 and 11).
Such findings argue for chloride transport -by the gill epithelium
and, in the light of the previous results, suggest that when
urinary and rectal gland salt regulation is inoperative, incfeésed
salt regulation at the gills may be sufficient to maintain blood
salt levels, oﬁer‘the time perioa examined. Present results have
also shown a salinity effect upon the abundance of branchial
chloride concentrations in normal fish. Animals in dilute salt
sea water (450 mMCl/1) showed no branchial chloride concéntrations

(Plate 9) whereas fish from normal sea water (550 mMlel)'and hyper-—
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saline medium (740 mMCl/l) showed abundant branchial chloride
conﬁentrations’(Plates 7, 8, 10 and 11). Such results suggest an
increased chloriée transport by the gills in‘higﬁerAsalinities - an
‘obsérvation which has been’maderon teleost gills by Liu (1942), who
found that the development of 'chloride cells" was favoured by
increasing:external salinity. Such was‘also éhown in the eel

Anguilla rostrata by Getman (1950).

The "chloride—secreting cells" found by Keys and Willmef (1932)
in the gill tissue of the common eel, were considered to lie mainly
in the bases between the~seconda£y lamellae, although “isolated cells
of‘the'éame charécter have beenvobserved occasionally on the outer
regions of the leaflets'.  They discerned the cells as being quite
Véeparate from ﬁucous cells, being located in such pogitions as to be
in cloée proximity to both blood and external medium. In the gills
of a 250 g eel, they estiﬁated.the‘preseﬁce of between 3 and 6 ﬁillion
~such cells, but interestingly they found thesg cells to be generall§‘
less abundant in fresh-water animals than in the marine forms. In

Scyliorhihus canicula, the only elasmobranch they examined, they

found no "chloride cells", although mucous cells were abundant around
and between the secondary leaflets.

Krogh (1937) felt that these 'chloride cells' were.able to
rgVerse their action, for fish in fresh waﬁer, where theyvcoﬁlak
actively take up chloride ions from the external medium. Since
then, many reports of this ability by the gills of fresh-water fish
{Datta Munshi, 1964; Kerstetter énd Kirschner, 1972; Maetz, 19?2;
de Renzis and Maetz, 1973; Whiteiaw, lé?B) have suggested an active

transport mechanism, acting inwards for fish in fresh water. Cope-

land's work (1948) on the euryhaline teleost Fundulus héteroclitus,
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sgpported the»Kays-Wiilmer theory and Copeland and Petténgill (1948)
together damonstratedkthat,enzyme activity could Ee 1ocaliééd within
these cells. Such has also been shown in "chloride cells” of
euryhaline teleosts (Kamiya, 1972), thus ?roviding furthér evidence
of an aétive.trénsport mechanism for chloride transfer.

Not all workers were satisfied with the Keys-Willmer theory -of
definite "chloride cells" however, and Bevelander (1936, 1946), after
a comparitive study of many fish, suggested that the "chloride-
secfeting cell" was in fact a mucous cell. Later, Vickers (1958)

: éuggested that these cells represented metaphaéic forms of mucous
cells. The various ideas on these cells, by several ﬁorkers, are
discﬁssed by Parry et al. (1959) but the general trend seems to be
that cells with a.definite "chioride—secreting;capacity" do exist in
many fish gills, whether they are sbecially developea célls or
modified mucous cells of theAepithelium.

Whilst there is much‘evidence concerning chloride célls in
teleosts, they had not been found in elasmobranchs until 1961,
when Doyle and Gorecki demonstrated their presehce, by eléctron*
microscopic preparations of the gills of 6 genera of fish, including ‘
a marine elasmobranch (Urobatis), a euryhaline species (Fundulus)
and a primarily fresh-water form (Notropis). They reported that
"in some forms, this cell is in contéct with the environment; and
in ofhers, it is covered Ly other epithelial cells™. They were
‘however, doubtful as to its supposed function as the principal site

of chloride transfer. Later work on the S-cells of the guppy,

it

"Lebistes reticulatus (Strauss, 1963) also suggested that these "so-

called chloride cells" seemed unlikely to be concerned only with

osmoregulation. Fearnhead and Fabian (1971), with another electron-
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microscopic gill examination, this time of the euryhaline teleost

Monodactylus argenteus, observed definite chloride cells and

supported the Keys-Willmer theory regarding its ion-secretory role.

Payan and Maetz (1973) have reported the presence of "chloride

cells" in the gills of the genus Scyliorhihus and ﬁave further
supported an active—transport'theoif by their measurements of branchial
sodium transport in this species. Present results also suggést‘that
such‘celis, or at least modified cells with this capacity, are
present in Poroderma gill tissﬁe., However, in view of the controversy
which still seems to exist, as to whether the ions are ﬁut‘out by
definite and specialized "chloride cells" or by @odified epithelial
mucous cells, and since histochemical examination of Pbroderma’gill
tissue was only carried out at the light microscope‘lgvel, it i§
felt that the term "chloride cell" should be avoided;,with specifié
reference to P. africénum. Since intracellular chloride conéentra*
tions were found in cells 1ying between the secondary leaflets and
around their margins, where these ‘cells were equally in close contact
with ghe blood and exterﬁal medium, and in view of the increased
number of such cells, at higher salinities, and under conditions when
greater salt regulation would be expected by the gills, it seems mostv
probable that such cells are concerned with ion transbort,~and their
presende is considered to constituteré definite regulatory cépgcity
to the gills, althéﬁgh.thg cells ﬁay not be specialized "chloride’
cells". |

Hypo-osmotic Specimeﬁs of P, africanum, which were shown to ﬁé
drinking the medium, also exhibited branchial chloride concentrations
suggesting that an unknown fraction of the extra ingested salt is

probably excreted by the gills. Indeed, under such conditions,
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urine flow woulﬁ be reduced, with resultant drop in renalAsalt
excretion so that the gills might have to handle some of the load
normally put out by the kidneys. ‘No results are at present avail-
able to'indicate‘howkthe rectal gland is affected under such
conditions.

In conclusion therefore, it seems that similar branchial salt
balance mechanism exist in both marine teleosts and the marine
elasmobranchs so far examined. From an evolutionary point of view,
it now‘seemsvpossible that living elasmohranchsvhave retained branchial
mechaﬁisms inherited from their fresh-water ancestors — mechanisms
Vhich later became well modified in the teléosts,»But,which never-

theless are still functional in the elasmobranchs.
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" CHAPTER 7

'UNUSUAL EFFECTS OF SALINITY CHANGE UPON SERUM

- SODIUM LEVELS.* =

ok Manuécript_Submitted_to_fJoutnal of‘Experiméntai Marine”'v

. Biology and Ecology' July 1974. -
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ABSTRACT

The effects of salinity change upon serum sodium were investigated,
under laboratory conditioﬁs, in the striped dogfish Poroderma
africaﬁum (Gmelin);». Animals were found to folerate an external
SOdiuﬁ concentration range of 280 - 665 ﬁM/l. At the extremes of
‘this range tﬁe bloodvsodiﬁm levels were approximately 190 and 365
‘ /1 resPéctively‘- with a blood'value of 238 mM/1 in normal sea
water. No éffect of feeding frequency upon blood sodium was
obsérved, and both sexes produced similar résults. " Comparison of
present findings with ?revioué blood chloride results, obtained
undér similar conditions (Haywood, 1973), showed.that serum sodium
was lower than serum chloride in all mixohaline media up to normal |
seé water concentration (approx. 1030.m03m/1,’550 mM Cl/1 467 =M Na/l),
but'above aboutxlo?z sea water, serum sodiuﬁ;rose sharply, exceeding
serum chloride. Blood potaSsigm levels were'also measured in fish
exposed to 3 different salinities. _ Animalé were also exposed to
n§n~mixoha1ine media, pfoduced artificially in ﬁhe 1aboratory;
‘Results from such fish sﬁggest that blood sodium and chloride are
regulated independantly of each other, but pfoportiﬁnaliy to the
concentration of the particular ion in the external medium. Results

are compared with previous relevant findings of other workers.
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INTRODUCTION = -

As in mariﬁe teleosts, the blood 6f mariﬁe elasmobranchs is
generally found to be abouﬁ half the tonicity of sea water, so that
sodium chloride’concentratioﬁ is roughly in the region of 250 — 280
mM/1, depending on theyépecies. - The main differencé between elasmo-
branch and teleost blood is the high urea concentration present, a .
common factor to most elasmobranch body fluids and tissues, and one
which is due 1argely‘to renal(reabsorptioﬁ and retentién of urea\
(Kemﬁton, 1953; Boylén, 1967, 1972). The o#moﬁic strength of the
urea makes up the osmotic deficit which would otherwise exist between
internai and external media, | Consequently, whilst the blood of
‘marine elasmobranchs‘éhowé only about half the salt concentration

of sea water, its osmotic4strength is usually equal to, or a little
Agreater than that of'the sea water; Hence iﬁ,has been considered
(Smith, 1931) that marine'élasmobfaﬁghs do not drink the medium, as:
do their teleost éounterparts. Such is nofmally the'case, for most
elasmobranchs, although it has'p:eviouslywbeen shown (Haywo&d, 1974b)

:thatvunderfed individuals of Poroderma africanum, exhibiting hypo-

osmotic blood, drink the medium in appréciable quantities to balance
osmétic efflux.’ |

The effects ﬁpon‘blood salt levels, produced by varying the ex—
ternal salinity, have been investigated for a few species éf marine
velasmobranéhs.AA Evidence that salinity change was producing either a
concentrating ér diluting effec£ upén elasmobrancﬁ blood was demon-
strated by éarly ﬁorkers'(Scott, 1913; Chaiséon, 1930; Margéria, 1931)
who showed that, wheﬁ‘an‘elasmobranch is placed into diiuted‘sea

water the overall osmolarity of its blood falls and, comversely,
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rises when the fish is exposed to concentration of the external sal-
inity. It was deduced that this change in overall osmolarity was
produced by a change in the concentration of the various ionic and

osmotic components. ' Later, Price & Creaser (1967) showed that

exposure of the skate Raja eglanteria to low salinity produced a
depression of the serum chloride level, although not by a great

amount. Burger (1962, 1965) has stated that blood chloride level

in the spiny dogfish Sqﬁalus acanthias is resistant to dilution of
the medium, but then, rather surprisingly, indicated that dilution
of the externalrmediﬁm could cause a drop from about 250‘mM/1 to
220‘mM[1 in blood chloride concentration. More reéently, Goldstein

and Forsterv(1971) have shown that variation of the external salinity

‘ produces effects upon the little skate Raja erinacea similar to those

shown by Price and Creaser. Similar findings were also reported for

the stingray Dasyatis sabina (de Vliaming & Sage, 1973) and for the

lemon shark Negaprion brevirostris (Goldstein et al., 1968). = An

- overall salinity change, of from approximately 18.0%.up to 47,57%.

has previously been shown to produce a change in serum chloride,

from about 200 - 315 mM/1, in the striped dogfish Poroderma africanum
 (Haywood, 1973) - bufvno prévious salinity~¢hange effects on serum
sodium have been studied,

fhe only previous measurements of serum sodium, for Poroderma
africanum, were in normallsea water. At thiS‘salinity, serum sodium
was found to average 238 mM/1 (Haywood, 1974a), whereas serum chloride
was 261 mM/1 (Haywood, 1973). .In many marine elasmobranchs the
blood sodium level is higher than that of chloride and thefefore
these findings seem unusua1.  However, Price (1967) and later de

Vlaming and Sage (19?3)'reported blood chloride levels higher than
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- sodium, in other elasmobranch‘épegieS; " The presentﬁWork was intend-

ve§ td:examinelthe blood sodium picture more fully, especially with
. respect to salinity*changé'effects, and to compare these with. =

. previ¢u51y(dbtéined vaiuééffor serum chloride. =
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MATERIALS AND METHODS

"Pyjama sharks" (Poroderma africanum (Gmelin)) were collected by

SCUBA diving, from both the Atlantic and Indian Ocean sides of the
Cape Peninsula, in wétef depths ranging from 5 - 20 m. All animals
were kept_in tanks pf filtered, sterilizéa running sea water (13 * 190
iﬁ’the laboratory, as previously described (Haywood, 1973). Fish
ranged between 0.5 and 0.8 m in length and 1 and 3 kg in weight.

Both sexes were represented approximately equaily.

A total of 20 animals were exposed to sea water of which the
salinity was gradually altered, over the maximum tolerated fange,

- In the 1aboratqry,_sea water was diluted with deionized water
(buffered slightly alkaiine with small amounts‘of NapHPO4 and NaOH)
and was concentrated by evaporation or (in the case of non-mixohaline
solutions) direct salt addition. Sea water was replaced in part at
regular intervals, inborder to maintain pH at 7.9, as previously des-
cribed (Haywood, 1973). Sodium and chloride concentrations of the
sea water were checked regularly and after acclimation of fish at
known values‘for 60-72 h (Haywood, 1973), blood samples were drawn
from the sinus venosus of fish, for serum separation and analysis as
previously described (Haywood, 1973).  All changes in medium salinity
were made slowly, in the order of 10-13 mM Na/l per day - after which

‘the fish were then allowed the stated acclimation tiﬁe before blood
analysis. |

In view of the blood sodiumilevel being lower than that of
chloride, for fish in normal seavwater and diluted mixohaline solu-
tioné, it was decided briefly to examine serum potassium in such fish,

since potassium is normally the next most abundant blood ion, after
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sodium and chloride. Blood potassium measurements were not made
“over the &hole tolerétéd salinity range but merely in fish exposed
to three différent salinities, including normal sea water.
During exposure to @ifferent saliniﬁies, soﬁe fish were fed 0,25
- 0.5 kg ﬁelebst meét e&ery 2 - 3 days, whiist others were fed
similar amounts‘at différent time intefvals,Aup to once a month.
?revious’results have shown that serum chloride levels are not
affected by how often fiéh are fed; within this time rangé, and it
waé therefore intended to check if this was also true for serum
sodium levels.
Since results of fu:ther experiméntaticn (not reported hefe)
have suggeste&~that sodiuﬁ and chloride ions may be regulated in-
‘dependantly, fish were also exposed to a few non-mixohaline solutions,
where the sodium or cﬁloride level had been aftificially adjusted so
as to bé different from the normal sodium/chloride(ratio exhibited
in normal sea water and mixohaliﬁe sqlutions. In this way, fish
were exposed to solutions sometimes more dilute than seé watef, but
in which the sodium 1eve1Vwas‘abnormall§ high, sometimes higher than‘
the normal sea water level. Such solutions were usually prepared
without greatly affecting pH, but the production 6f 19w-sodium solu-
vtions required dilution of medium Wifh non-buffered watef and
resulted in é drop in pH, to about 6.4. Such a bH chaﬁge cannot be
overlooked and might itgelf pioduce an effect upon blood sélt levels,
although probably not to any great extent. However, in view of this,
- only cine such solution was made up and used.
By keeping the volume of each’blood sample taken below 1 ml, it
was possible to use fish several times throughout the investigation,

returning them periodically to stock tanks to recover and feed prior
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to re;uée.

| Analysis of chloride waskéarried out after Schales and Schales
(1941) (accuracy I 5 mM/1), sodium and potassium'were measured by
fla@e emission spectroécopy, using a Unicam SP 1900 Atomic Absorp-—
tion Spéctrophotoﬁeter. Over the concentration #ange of‘sodiﬁm’
values - the aécuracy was taken as * 5 mM/1, but over the more‘dilute

range accuracy was taken as = 0.5 mM/1.
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Table 9.

Osmolarity

mOsm/1

Ccl

mM/1

Na

mi/1

mM/1

Blood values from normally-fed fish in 3 approximately mixohaline media.

1.

Dilute medium

2. Normal Sea Water

(Mean * s.D.)

3. Hyper-saline med.

S/W

680

360

305

" 6.3

Fish
746 * 20
(n =5)
210 * 4
(n =5)
201 X 7
(o = 4)
3.0 Y o.2
(n = 5)

S/w

1030

550

467

9.6

Fish

1077 ¥ 10

(n = 5)

261 * 5

(n=8)

238 * 7

(n = 8)

3.2 Y o0.3

(n = 5)

S/W

1180

650

565

11.1

Fish
1215 * 11

(o =4)

290 * 3

(= 4)

302 % 7

(o = 4)

4.7 £ 0.3

(n = 4)
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RESULTS AND DISCUSSION

Fig. 10 shows the effect of change in external sodium concentra?
tion upon serum sodium, in P. africanum.  The gpecies was found to
tolerate a range'of external sodium from about 280 - 665 mM/1, under
iabofatdry conditions. "At these two extreﬁities, serum sodium was
approximately 190 and 365 mM)l respectively. No difference in
values was obtained between either males and females or between
wellfféd‘énd under-fed fish, aﬁd Fig. 10 may therefore be taken as
representative of all fish examined. If‘should be mentioned how-
ever, that salt-loading eéperiments énd observations'on fish which
have ingeéfédylarge quantities of invertebrate meat, such as
cephaloﬁod, do show a rise in blood salt 1e§é1, over a period of a
few hours after feeding, but this drops within‘abouf 7 hours. No
such effect has béen observed after ingestion of teleost meat,

Previdus results (Haywood, 1974a), as inéluded in Table 9, show
that, in normal sea &atér, serum sodiumfaveraged 238 mﬁ/l, whilsﬁv
serﬁm‘chloride wés 261 mM/1. Such results would seem unusual,
siﬁce many marine fish exﬁibit higher blood ‘sodium levels than
Ehloride. Burger and Hess (1960) reported plasma éalt valﬁes_of
286 m/1 for sodiﬁm and 246 ﬁM/l for chloride, in the spurdog,

Squalus acanthias, although their figures quoted for the salt levels

of the sea water used sugzest a rather higher-than-normal sodium
level. Later, Burger (1962) degided to measure chloride rather
,tﬁan codium, when investigating’salt levels in rectal gland fluid,
because he decided that, in view of the lower chloridenlevel, this
would give a better minimal index éf fluid salt level. Carrier

and Evans (1972) also reported a higher blood sodium level than
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FIGURE 10+  Serum sodium concentration expressed against external sodium concentration.
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cﬁloride,kin the nurse shérk Ginglyﬁostoma cirratum, where blood

: SOdiumvand chloride were‘254 and 224 mM/1 respectively. Price
(1967), however, reported ﬁhat in the clearnose skate Egié
eglanteria, blood sodium averaged 253 mM/1 whilst blooa chléride_
was 271 mM)l, for fish in almost norﬁal—strgngtb sea water. M¢£e
;eCently, de Vlaming énd Sage (1973) havé‘meésured blood salt ievels’

in the stingray Dasyatis sabina, exposed to different salinities,

and have shown that plasma chloride can exceed plasma sodium by up
to 23 mM/1 - a valﬁe which corré8ponds with present findings.

It might at first be assumed that salinity change would have a
similaf effect‘upon serum sodium and chlofide, but in fact compariéon
of the present curve (Fig. 10) with that previously dﬁtained for
serum chloride (Haywood, 1973) shows that this is not the case.
Whereas the effect of salinity change ubon serum chioride was féund
to be reasonably even, 6vef the majority of tﬁe tolerated salinity

‘range, iﬁAcan be seen that serum sodium rises quite sharply in media
more conceﬁtrated than normal sea water.  Such sharp rise, in media
of above 500 mM/1 sodiﬁm (approximately 107% sea watgr), produces a
' chanée in the ionic composition of the blood. It can be seén from
the discreet measufements of blood sodium and chloride,'présented in
Table 9, that, as the external salinity is raised, the difference
between blood sodium and chloride values diminishes so that over
- the range,of external sodium concentrations 530 - 550 mM/1 (113 -
117% sea water) serum sodium and chloride aré about equal (approx—
imately 270 - 285 mM/1).  Further raising the salinity results in
the serum sodiﬁm level exceeding that of chloride, so that, in the
highest salinities tolerated, serum sddium is in the order of 350

mM/1, whereas serum chloride is only about 315 mM/1.
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Table 10, rBlood values (Mean ¥ $.D.) from normally-fed fish in 3 non-mixohaline solutions, artificially

altered with respect to sodium.

1. Low sodium | © 2. Raised sodium ' 3. High sodium
S/W Fish - S/W Fish. S/W Fish
Osmolarity 850 867 £'5 950 982 * 13 890 919 * 2
mOsm/1 ‘ ' :
cL | 480 230 £ 2 505 246 * 5 530 245 * 6
m/1 ‘ ‘
Na ‘ 368 210 ¥ 2 430 248 * 8 470 251 %3
mM/1 ' ‘ . |
S (n=5 all values) (n=5 all values) (n=4 all values)
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Both Price (1967) andiPriée and Creaser (1967) showed that trans-—
fer of skates into increased salinities produced only smail increases
in blood sodium chlbtidé»levels. Eigures'reported by Price (1967)
suggest thét'sodi&m and chloride were altered about equally, but it
should be remembered that their work was concerned with diiutions

" of the medium and no fish were exposed to medium above normal sea
. water saliniﬁy; In media below ﬁormal sea water, pregéﬂt results
’ére similar.

Measurements of serum potassium, for fish in 3 approximately
mixohaline media, showed that serum pgtéssiuﬁ is a little lower,
even in normal sea water (9.6 mM K/1), than corresponding values

~ reported for Squalus acanthias (Burger and Hess, 1960), where .~

" plasma potassium was reported as ranging from 4.4 mM/1 to 7.0 mM/1.
Price (1967) showed even higher serum potassium lévéls in the clear-
nose skate, whére values were 7 =~ 13 mei. More recenily,‘de
Vlaming and Sage (1973) have reported a range Qf'plasma potassium~“

levels in the"stingray Dasyatis sabina from 1.7 - 7.8 m-equiv/1,

depending on external salinity. There is obviously therefore a
degree of #ariation withvspecies but present results show that
serum potassium levelg in P. africanum are by no means unusually
ﬁigh and do not form any sorf of compensation for thé rather low
, blood sodium levels observed in the more dilute media. Indeed,
undervsuch éonditions, serum potassium is itself reduced.

Exposuré of animals to 3 non-mixohaline solutions, (Table.lo)
in which the sodium level was éithér raised or lowered, with respect
to éhloride and osmolarity, showsrthat blood sodium correspondingly
rises or falls. Consequently, animals eprse& to medium which has

a similar chloride level and osmolarity to normal sea water, but
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whose sodium level has been artificially raised above that of sea
water, have Been found to show a smaller difference in blood values
between sodium aﬁd chloride and indeed the serum sodium level can
exceed that of chloride'if.the external sodium concentration is
raised sufficiently. FConversely, animals éxposed to medium with
arﬁificially reduééd sodiﬁm concentration showed biood sodium
levels well below chloride. Since a solution artificially high in
sodium may be alsd-taken as béing low in chloride (and osmolarity
and other iéns) each result could be viewed from githe? the éodium
aspect or the chloride aspect and it therefore seems not unreason-—
able to suggest that the concentration of the major ions in the
blood may well depend on the concentration of thosé same ions in the
external medium;_‘ Thus each ioﬁ may well be regulated independantly,
being directly affected by'its concentratién in.the'external sea .
water, Such an idea of ion-specific regulatioﬁ is further supported
in the case of P. africanum, by reéent work (unpublished) wi;h salé—
loadéd animals, in which the rectal glénd appears to regulate sodium
and chloride differently. De Vlaming and Sage (1973) have pointed
out that "The decrease in concentrafion of sblutes in'stingréy plasma
is obviously not due to a simple dilution of the blood (i.e. increase
in blood vélume) if this were the case, all solutes would be diluted
~to an equal extent, and this was not—obserQed. Since the pefcent-
age decrease in plasma solutes and ion ratios vary, individual
regulation of solutes appears likely."
In conclusién therefore it seeﬁs that in P. africanum the effect
of salinity changé upon serum -sodium and chloride levels is differ-
ent - the difference being more apparent in hyper-saline media.

In normal sea water and all mixohaline dilutioms of it, serum
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sodium is lower than serum chloride. Exposure of animals to non-
mixohaline solutions suggests that ions are regulated iﬁdependently,
but proportionally to their éoncentration in the external medium.
Since local sea water often shows minor fluctuations in ionic and
osmotic composition, deﬁending'on locality or season, fish taken
from different locations at different times of the year may well

show slightly different blood compositions.
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. CHAPTER 8 .

A PRELIMINARY INVESTIGATION INTO THE OSMOREGULATORY ROLES PLAYED °

| BY THE RECTAL GLAND AND KIDNEYS.*-

© % Manuscript stbmitted to‘YJéurnal‘ofvExperimental ZOOIdgy’

'ijuly 19?4f"
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ABSTRACT

. ’ ’
A preliminary investigation was made into the ionic and osmotic

regulation effected by the kidneys and rectal gland, in the striped

dogfish Poroderma.africanum, under laboratory conditions. Fish
with inoperative glands showed only slight rise in blood sodiﬁm

and chiéride levels, as measured over a period of 2 weeks, and
comparéd againét control animals. Salt-loading of both fish with
inoperative glands and contr§1 fish showed that blood salt levels
returned to normal within 7vh. ‘Comparison of the two groups
indicated that the rectal gland may control chloride levels more

_so than sodium, although its effect was not found to be very pro-
nounced in either case. Collection of a compoun& fluid, consisting.
of urine and rectal gland fluid, was madé from normal fish, and the
estimated cloacal salt loss is discussed. Urine was also collectea
separately, from normal fish, and was analysed for its contfibutioﬁ
to salt loss; The various implications of present findings are |

discussed and compared with relevant results of other workers.
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INTRODUCTION

In 1960, Burger and Hess férmulated the hypothesis that the
rectal gland in elaémobranchs, in particular that of Squalus
acanthias, acts as a sait gland, capable of aiding the ionic and
osmotic balance between internal and external medium, by the
secretion of a fluid "containing sodium chloride at about fwice
the plasma concentratibn and at a concentration higher than that
of the external sea water". They further pointed out, from data
obtained,.that, "through the combined action of the rect;l gland
and kidneys, the dogfish is able to eliminate sodium chloride at
foughly corrected sea water conéentrations". Since the urine
produced was found to be hypotonic, with respect to the blood,
this regulation was not considered possible by the kidneys alone.

'.Later work by Burger (1962, 1965) further supported this
-.earlier.suggestion and it was shown (Burger, 1962) that ffom
5-327 of the plasma NaCl passing through the gland could be extract—
ed. Moreover, the average glandular NaCl secretion was twice the
urinafy secretion, although the glandular secretion rate was

variable - from 0-1.9 ml/h/kg body weight. Rectal giand secretion

in the stingray Dasyatis sabina was also examined (Burger, 1972)

but only with respect to chloride and secretion rate. Burgef has
reported the chloride concentration as being nearly twice that for

Squalus acanthias, although the rate of chloride secretion in the

tws eiasmobranchs is similar.
More recent work, however, has suggested that the rectal gland

may not-be as important in salt output, as was thought by Burger.

Maétz'and Lahlou (1966) showed that, in the dogfishes Schyliorhinus
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canicula and S. stellare, both the urinary and rectal gland salt
outputs were minimal, by comparison with branchial output. Burger

and Tosteson (1966) showed that the gills of Squalus acanthias may

be an important source of ion transfer, and later, Horrowicz and
Burger (1968) confirmed this finding, when they reported a branchial
ion flux rate ten times greater than that measured through the skin.

Payan and Maetz (1970) found that branchial salt regulation in the

genusAScyliqrhinus accounted for two-thirds of the total sodium
efflux. By comparison, rectal gland secretions were minimal,
providing only one-tenth of the total sodium efflux. Payan et al.
(1973) have shown thaﬁ branchial urea oﬁtpﬁt i$ far in excess of
‘renal éutput,~and’it seems that the role of the rectal gland may
have been overemphaéized in the past, whereas the‘role playe& by
the gills has not been fully appreciated. freyiou$ work (Haywood,

- 1974b) has indicated that branchial salt regulation may well be

%

between them may handle the majority of salt output. In view of
* these findings, the present investigation was undertaken to examine

‘ the roles of the kidneys and rectal gland, in more detail.
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MATERIALS AND METHODS

ANIMALS

Specimeﬁs of Poroderma africanum (Gmelin) were collected from
both sides of the Cape Peninsula and kept in the laﬁoratory as pre-
viously described (Hé?wood, 1973). Fish ranged between 0.2 and
0.8 m in 1ength‘and 0.3 and 3.0 kg inéweight? for this series of
experiments. Bbth sexes were représented épproximately equally,
‘Labératory temperature was maintained at‘13 ¥ 19C and fish were fed
teleost meat and small whole cephalopods at regular intervals, until

48 h prior to experimentation.
INOPERATIVE EECTAL GLANDS

Four experimental animals were anaesthetiééd in sea water con*A
taining 0.03%7 MS 222 (tricainemethanesul§honate) as previously A
described (Haywood, 1974a) andvthe duct joining thekreétal gland
to thé gﬁt'was surgicélly tied off tafter Haywood, 1974a) so that
no secretién from the rectal gland was possible. After suturing
the body cavity, fish were allowed to recover imn specially darkened
ténks,‘since is has been found that animals kept in the dark remain
inactivé with resultant liztle stress on new sutures. Blo§d
samples were taken (after Haywood, 1974a) at regular intervals over
a pefiod'of 2vweeks, as indicated in Table 11. Two control fish,
with untouched glands, were also used for comparison. The composi-

tion of sea water used is presented in Table 11.
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SALT LOADING

In a sepaﬁate experiment, 5 fish, each approximately 1 kg in
weight, ﬁad their rectal glaﬁds surgicélly tied, as previously
described, and were then allowed to recover in shéded ténks.

Four unoperated animéls Wefe Eept under Similar conditions. After
24 h, both experimental and control animals &ere each injected with
2 ml of 750 mM]l steriie NaCl solution into the‘peritoneai cavity.
Previous results héd indicated that a rise in blood NaCl concentra-
tioﬁ is apparent within 1 - 3 h after such injectionms. Blood
samples were drawn from all fish at timé intervals 0 (immediately
‘éfter«injection), 1, 1, 2, 3 and f h after injectién and again
afﬁer 1, 2 and 3 days. The composition‘of the sea water 1is showﬁ

| in Table 12.
CATHETERIZATION

During this research it was intended to collect urine and
rectal gland fluid separately from fish, by means of in—~dwelling
catheters. However, this technique was not successful and attempts

had to be discontinued.
COMPOSITE FLUID
An experimental arrangement was designed to collect urine and

rectal gland fluid together at the cloaca. Small fish (approxi-

mately 0.5 kg weight) were used for this work.
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Each fish was aﬁaesthetised in sea ﬁatér containing 0.037 MS-222

to facilitate thekfollowing pfoceduré, A hole, of approximately

2 cm &iamefef, was cut in a piece of thin rubber sheeting. (When ,
completely anaesthetised, the fish was femoved frbm'theksea Qatef
and qﬁickly'dried with tissgé;' The hole‘in the rubber sheet was
';stretched and the head of the fish inserted until the pectoral

fins had 5ust paséed through. The rubber was then allowed to
feturn_to ﬁormal dimensions, thereby gripping the fiéh justk
pogterior to thevpectoral fins and forming a seai aroun& the body.
The anterior éoftién of the fish was placed insidé a polythene
tube, cioséd at one end, but with water inlet and outlet pipes in
the closed end.  The rubber shéetiﬁg was secufed,gver the -1ip

of thévopen end of the tube so that the antérior half of the fish
was then enclosed in a sealed containér, through which‘running éea
watéf could be passed. | TheAexposed part of the fish was then
thoroughly dried, especially in the regidn of.the:cloaca,,and any
faecal material in the rectum was carefully removed. Whilst
'Under anaesthetic, an absorbent gauze §1ug was inserted into the
rectum and pushed as far‘dowﬁ (anteriorly) és‘possible. This was
- intended to prevent defaecation during the'expériment. Fish for
this particﬁlar experiment were not fed for 1 week prior toAthis
stagé. Aeréted sea water of normal’salinity (noﬁ drugged) was
then'recyqled thr&ugh'the sealed tube and the pésteriof region of
the fish, after ensuring complete dryness, was immersed in a
shalloﬁ container of liquid paréffin. With practice, all procedures
~ up to this stage were achieved in less than 1 minute, after removél
from drugged sea water. |

The container of liquid paraffin was tilted slightly,kand, since
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aqueous fluid and liquid paraffin are immisgiblé, with the~aqueoﬁs
solution forming the lowér phase, any dfoplets‘of aqueous - fluid
réleased from the cloaca even:ually collected in the lower éorner
of the»éontainer, from where they could be removed, étiii under

paraffin; by a specially designed capillary-tube pipette. Faecal

material is érqduced as a thick mucoid jelly in Poroderma africanum
-‘ana can be easily‘distinguished from cloacal fluid. On only oﬁe

‘ oqcasioﬁ‘was faecal materiél observed in the coilecting dish,'and
the fluid wasvthérefore discarded in this case.

By circulating drug-free sea water through the aﬁtefior éealed
capsule, it was possible to return fish to consciousness within a
‘few minutes, Although this necessitated‘restraiging fish somewhat,
it was considered betﬁer to work with undrugged animals, sipce'ﬁhe
drug would eventually be excreted in the urine,,witﬁ resultant |
effect oﬁ the qsmolarity of the fluid collected. 1In all cases;

fluid was not collected for a period of ! h after fish regained

;coh3ciouéness, in order to reduce the possibility of conﬁaﬁinatio;k
of collected fluid byvexcreted drug. Depending on the rate of
‘fluid~production, animals were maintained in the éollecting épparatus
for u? to’zé h, during whichtime they were kept in ngar"total
darkness, to reduce fretting.

Thé‘vblume and secretion rate of‘collected fluid was redotded,‘

together with its compostion.
URINE

It was found possible to collect urine separately from large

animals (over 2.5 kg weight) by removing them from the water,
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dryingvthe cloacal region and urogenital papilla thoroughly and

then gentlj équeezing the abdomen several times. In most cases
this'stimuléted the production of a brief jet of urine from ﬁhe
pépilla, ﬁhich could be collected in a clean dry glass container,
strategiﬁally positioned. Animals were not drugged for this
procedufe. . Since a more distinct papillé is present in the male,
making'collectioﬁ easier, all urine colleéted from the ﬁresent assay

was obtained from 6 male individuals, éxposed to normal sea water.
FLUID CONCENTRATIONS
The osmolarity of all fluids assayed was measured by freezing-

point depression, using a Knauer osmometer (accuracy X 5 mOsm/1).

Chloride was measured after Schales and Schales (1941) (accuracy

1+

5 mM/1) and urea by the method of Pré et al. (1968) (accuracy

I+

1Z). Sodium was assayed with a Unicam SP 1900 Atomic Absorptioﬁ

Spectrophotometer (accuracy * 5 mM/1).
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" RESULTS

The effects upon blood’composition, due to ligation of thg
rectal glands of éxperimental fish, are cbmparad‘with those of
control animals, over a period of 2 weeks, as preseﬁted in Table 11.

Iéble 12Vpresents~the effects upon blood values after salt
loading both control gnd expérimental fish with inoperative recta1
glandé.

‘ ;The average compositionland secretion rate of the composite 
fluid collected from the cloaca of 5 animals exposed to normal
‘sea water is'présented in Table 13.

Table 14 presents the average composition of uriﬁe collected

from 6 animals exposed to normal sea water.
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Table 11.

Blood values in control and experimental fish with inoperative rectal glands, over a period of

2 weeks. Om = osmolarity (mOsm/l) = Na and Cl expressed as mM/1  Fish 3 & 4=controls.
Fish 1 Fish 2 Fish 3 Fish 4 Fish 5 Fish 6

Days { Om Na Cl | ‘Om Na_cl om __Na Cl Om _Na__cCl Oom__Na _Cl Oom _Na cl
0 {960 232 240 955 230 245 | 960 242 255 | 960 245 258 | 1065 261 280 | 1050 260 280
1 | | |

2 | 960 258 265 1065 265 304 | 1050 261 288

3 | 960 256 260 ‘

4 | 1000 252 286 | 960 244 255 | 960 245 257 | 1065 266 312 | 1060 265 312 .

5 | 965 260 270 S | ) , |

6 } . 1065 278 312 | 1060 269 296

7 960 240 250 960 242 257 | 965 245 255 | . | |

8 | 960 255 250 | ' 1070 276 310 | 1055 267. 298

9 » B

11 | 960 254 245 960 242 257 | 960 247 257

L . _ , ,

13 _ -

14 955 238 252 | 960 242 255 | 960 245 257 | 1075 275 300 | 1050 263 290
15 | 960 237 255 |

‘ '-  Om Na  cCl Om Na CL
Sea water 440 Sea water 1030 470 570

940

535







Table 12, Blood values in control and ekperimental animals after salt loading. Om = osmolarity (mOsm/l)
Na and Cl expressed as mM/l, Fish 3, 4, 7 and 8 are controls with normally-functioning rectal
glands. Q = time O. Final measurements 3 days after salt loading.

Fish 1 Fish 2 Fish 3 Fish 4 Fish 5 Fish 6 Fish 7 Fish 8

e Om Na ClL{ Om Na Cl [ Om Na Cl | Om Na Cl | Om Na 'Cl | Om Na Cl | Om Na Cl | Om Na Cl
O 990 235 260|100 242 265 | 990 240 256 | 990 235 265 | 1000 252 270 | 1000 263 280 | 1020 262 272 | 1020 278 272
} h 1010 270 3201000 242 277 | 1000 245 256 | 1000 252 276 | 1005 259 296 | 1010 265 292 | 1020 262 272 | 1020 280 272
1h 1000 263 280|1010 255 290 | 1020 313 270 | 1020 271 288 | 1010 270 300 | 1020 283 296 | 1030 272 272 | 1040 286 272
2h 990 252 264{1020 270 295 | 1015 282 265 | 1000 256 272 | 1020 283 310 | 1025 286 296 | 1050 292 280 | 1045 290 272
3h 1000 261 260}1010 255 280 | 1010 263 262 | 995 240 272 | 1010 256 304 | 1005 265 288 | 1025 296 275 | 1030 280 275
7h 1000 261 264|{1010 250 275 | 1000 265 260 | 990 236 272 | 1000 248 272 | 1000 263 285 | 1010 265 265 | 1020 278 275

1d 1010 260 280|1010 245 270 | 1000 261 260 | 990 235 275 | 1000 256 270 | 1000 265 282 | 1020 265 270 | 1020 272 272
24 1010 274 285|1010 248 270 | 995 243 250 | 990 236 272 { 1000 248 272 | 1000 265 285 | 1020 268 275 | 1020 275 272

3d 1020 287 296/1020 250‘275 990 242 256 990 236 272} 1005 263 272 | 1005 270 288 } 1020 265 272 1020 278 272

Om Na cL S L Om  Na- Cl
 Sea water 960 465 555 " Sea water 990 492 573




B
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Table 13. Average values for composite fluid collected from the cloaca of Poroderma africanum in normal
sea water (Om 1020, Na 467 Cl 550mM/1) For all values n = 5, '
Sodium Chloride Urea Secretion rate
mM/1 mM/1 mM/1 - ml/kg/day
403 %7 438 * 6 136 ¥ 23 3.0 ¥ 0.3
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Table 14. Average composition of urine collected from Poroderma africanum in normal sea water.

(Om 1020, Na 467 Cl 550 mM/1)  For all values n = 6.
Osmolarity Sodium - ‘Chloride - : R Urea

mOsm/1 mM/1 ‘ mM/1 mM/1

935 ¥ 14 185 * 24 249 % 22 176 * 32
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DISCUSSION

Résults in Table 11 indicate that experimental fish with
inoperative rectal glands experiencéd initial rise in bléod sodium
and chloride levels.which stopped after about 1 week and, in most
" cases, beggn to fall again shortly afterwards.. Control animals
showed constant blood valuesvover the eiperimentai period, so that
vcomparison of the two groups indicates that inactivation of fhe
rectal gland ?roduces a short-term reéponse which is minimal and
which seems to be compensated by regulation elsewhere &ithin a short
time perio&. Under suchfconditions, blood chloride wés found té rise
a little more than Sodium glthough further/?ork is required to show
any significant difference between the two.

Salt‘loading of fish produced rises in blood sodium and chloride
levels in both control énd experimental animals. Comparisoh of the
two groﬁps, howevéf, suggests tﬁat in control animals, witﬁﬂnormally
functioning rectaltglands, rise in blood chloride was less than rise
© in sodium. The converse was>apparen£ in experimehtal animals with
non-functioning rectal glands. 'In both cases rise in blood salt
levels was apparent within ! - 3 h after injection of sodium chloride.
In bpth c?ntrpl and experiﬁental animals blood values began to fall
égain after the initial rise although experimental animals wédld be
expected to show slightly raised blood values after 3 &ays; due to
inactivated rectal glands, evenvafter the effect of salt loading
had passed (as shown by fish in Table 11). Such findings indicate
that the rectal gland ﬁay not régulate chlqride and sodium’to the
same extent although its overall effect upon blood sodium and

chloride levels seems minor.
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Burger and Hess (1960) suggested that the rectai gland acts ésA

a salt gland but later (Burger, 1962, 1965), it was shown that dog-
flsh with rectal glands rendered non—funct10nal were able to stabxl—
'ise plasma chloride for up to 8 days, although the total excretion
of,chloride wasyless than in fish‘with functional rectal‘glénds.
Burgér also showed that injection of sédium chloride into dogfish
‘prpduced a.characteristic response, with a 1ag of } - 1} h before
secretion from the gland reached a maximgm.v The rate and duration
of secretion was found to be roughly proportional to the amount;
injected. Eurger (1965) pointed out thaﬁA"ﬁhe rectal gland is a
specific fegulator c6f sodium chloride and uniformly concentrates
salt". He also stated, however, that "in the absence of the rectal
Vgland, a plasma composition comparable to that of the intact‘fish'
can be maintained both in fullAandVdilute sea waﬁer". This‘he
attributed’to a-decreasé in the uptake of éalts by the fish. He
reported thét 4 - 5 h after injection of NaCl, plasma chloride rose |
by about 20 - 30 mM/1, with only a rise in ogmolarity of 10 - 15 mOsm/1.
Similar fin&ings are reported for the present inveétigation but
unfortunately Burger did not measure plasma sodium after salt loading
‘énd in view of this, his conclusion that the rectal gland "uni formly

concentrates salt" does not seem justifiable.

Chan §£_3l. (1967) showed that in lip-sharks (Hemiscyllium
plagiosum) receiving a hypertonic saline load, there was no change
in plasma sodium concentration but there wés a marked rise in muscle

 Na content. They were unable to decide whether this was the result
of inflﬁx of Na into the cells or due to a mere expénsian of the
extracellular spaces. In sharks from which the rectal glands had

been removed, force*feedlng resulted in a slight but SLgnlflcant rise
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in plasma Na concentration, wﬁilst the rise in muscle Na content was
considerable.’ They found that saline injection increased rectal
r'glénd secretion only temp§rarily, and they stated that all three
organs, the gills, the rectal gland and the kidneys, seem to contri-
butevjointly to excrete excess salt in the face of a salt load.
Present :esulﬁs indicate that the composite fluid from the
cloaca‘is'éroduéed at a vefy low secretién r#te, averaging 3.0 ml/kg/
day. 'Unfoftﬁnately, by the nature of the coilection technique used,
it is not possible to anticipate what fraction of this fluid is dué
ﬁé urine aﬁd to rectal gland fluid. Burger and Hess (1960) have
given a maximal output ratz for combined rectal gland fluid‘and
urine, in Squalus, as.1697mi over 12 h for é 6.4 kg fish - which
indicates a secretion rate of 52.8 mi/kg/day. If should, however,

be born in mind that, whilst this is far in excess of present find-

ings, their results indicate that the blood of Squalus acanthias is
‘maintained more hyper-osmotic, with regard to the external medium,

than is usual for Poroderma africanum. Consequently the osmotic

water influs will be proportionally different, with correspondingly
different fluid output. Potts and Parry (1963) have reported an
average urine output of 5 - 20 ml/kg/day for elasmobranchs but even

assuming the composite fluid to be entirely urine, this would only

give a urine production’df 3 ml/kg/day for Poroderma africanum.

This may be explained b}ApreVious findings (Haywood, 1973) which
show that this spécies~maintains biood osmolarity only 40 — 60 mOsm/1
above the external medium, in most salinities. It has alsovbeen
‘shown that water exchange ocecurs at the gills (Haywood, 1974b) and
therefore the Qery low cloacal fluid production might well suffice

for osmotic equilibrium in this species.
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Analysié of fhe composite fluid and relation of thié to secre-
tion rate indicates a’'cloacal salt loss of 5.03.pM Na/lOQg/h, 5.48 pM
C1/100g/h ana 1.70 pM ufea/lOOg/h. It should bgrnoted that the
possibility of faecal contamination of the composite fluid does
exist, although precautions were .taken to minimise this. Such
contamination would probably increase the apparent salt concentration
of the.fluid slightiy so that the values obtained, if affected by -
contaminafion, will be slightly higﬁer than the true values. In
view of this,.the calculated salt loss via the cloaca may be taken
as a maximum value and it seems most unlikely thatbsalt loss will
be in excess of tﬁe calculated valﬁés.

By referring to.previous overall turnover valués for Poroderma
.'afriéanum (Haywood, 1974a), thé above calcﬁlated values indicate
~ that the cloacai salt 1bss aécounfs for only 27.27 total sodium
turnoVér; 14.27 total urea turnover and only 2.67 total chloride
turnover. Thus over 977 of the chlbride loss from fish seems to
occur at some other site — most probably the gills and/or epithelial |
surface. ~ Such findings are consistant with those of several pre-
vious workers. Maetz and Lahlou (1966) showed that, in Sc&lior—

hinus canicula and S. stellare, both urinary and rectal gland salt.

outputs were minimal by comparison with that of the gills. Burger
and Tosteson‘(1966) have also shown that the gills of the spurdog,

Squalus acanthias are sites of salt transfer - findings later con-

firmed by Horrowicz and Burger (1968). Payan and Maetz (1970)
have shown that, in the genus Séyliorhinus, two—thirds of the total
sodium efflux occurs at the gills, whereas only one-tenth is

effected by the rectal glénd. Boylan (1967) reports a branchial

urea exchange of about 25 pMJlOOg/h in Sgualus acanthias - which is
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in excess of the total urea turnover measured for Poroderma africanum

(Haywood, 1974a). It seems well established that branchial urea
loss is greater than cloacal urea loss in most marine elasmobranchs
and present resultsfsupport this, since nearly 86% of total urea

loss for Poroderma africanum must be accounted for elsewhere but via

urine and rectal gland fluid. Payan et al. (1973) have reported

branchial urea outputs in the skates Raja erinacea and R. radiata
which were far in excess of renal outputs -~ the latter being respons-—
ible for less than 10% urea loss.

By comparison with serum values for Poroderma africanum in

normal sea &ater‘(Haywood,VIQ?éa), the present urine values show
that the species prddﬁcesva markedly hypo—osﬁotic urine (by over

130 mOém/l) and that thevurine ié also hyPotoniﬁ with respect to
“sodium and urea. The dgficit is only slight for chloride, however,
'so that the urine is almost isotonic to the blood, with respect to
this iom.

Whilst no asséssment of urine production rate was poésible‘in
the present investigation, itAié possible to estimate salt loss via
urine, if the total cloacal fluid is assumed to be urine. It does
not seem unreasonable that a large proportion might well be urinme -
especially if the average urination rate giveﬁ by Potts‘and Parry
(1963) is considered.  Assuming é urine production of 3.0 ml/kg/day,
the respective losses of chloride, sodium and urea would Ye 3.1,

2.3 and 2.2 pM/100g/h.  This indicates a greater urea loss than
previously shown for the composite fluid but reétal gland fluid has
been shown to contain very little urea (Burger and Hess 1960) and
therefore any rectal glandAfiuid pfesent would apparehtly lower the

urea concentration of the overall fluid. The converse is also true
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‘in the cases of sodium and'chldride;‘which are more concentrated»in
rectal gland fluid than in urine. Consequently, the composite fluid
collected at the cloaca represents qrine and rectal gland fluid
combined. |
Whilst it is appreciated’that further experimentation of a

similar nature is required before any«éefinite conclusions can be
’draﬁn~regaéding thé roles of the rectal gland and kidneys in the
ogmoregulation of this 5pecie§, certain facts have emerged which
tend to'Suppoft previdus findings of other workers. Namely, the
rectal glandvdoes not séem to be és important ‘a régulator as was
~originally thought; Its;action in the face of‘salt loadiﬁg seems,
to be minimal and only apparent over a‘short4timé period. The
combined saltboutput through urine and rectal gland fluid seems to
represent 6n1y aiminor;fraction of the overall loss, so that other
.ofg;ﬁs such as the gills must Be much more efficient fegulators.
Fipally;iand a:point which does not seem to have been'consideredA
>_befgre, the~re¢ta1 glénd may not regulate chloride and sodium -
indeed'anyAéalts ~ to the same‘dégree; “Thg géneral regulation of
sodium and chloride in this species has geen previously shown to -
differ (Haywood, 1974c) and fish seemed to regulate each ion
independantly of otﬁer ions, but proportionally to the external
concentfation of the ion in quesfibn. It does not seem unreasonable
to suggest that a similar indéﬁendant regulation\of ioné occufs in

the rectal gland of this species.
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CHAPTER 9

A PRELIMINARY HISTOCHEMICAL EXAMINATION

. OF THE RECTAL GLAND.*

. % Accepted for'publication in "Transactions of the”RoyaI:

Society of South Africa" June 1974.
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INTRODUCTION

The anatomy of the'rectél gland of elasmobranchs has been pre-
A‘viously examined at’the 1igh£ microscope level by Sullivén (1908),
Hoskins (1917) and Crofts‘(1925), and at the electron microscope
level by'Doyle (1962). In most elasmobranchs, the rectal gland
‘ is a compound club-shaped gland,ropening into'thé'dorsal surface
of thevrectum; immediately anterio; to the cloaca, in the region
of the pelvic girdie; Previous examination, by the above wbrkers,
has shown thé gland to be composed of‘3 layers; an outer fibro-
muscular layer with smali arteries, a middle glaﬁdular layer, |
éonéisting of tubules and capillaries, and a central region, con-
éisting of ducts and veins arrangéd around a‘central'canél that.
terminates in the drainage duct to the réctum.
| Bonting (19665 has examined the rectal glands in several elasmo—
branch species and reports tha; in the spiny dogfish, sand shark,
.smooth d‘ogfi‘sh and sick‘le-éhai)ed sﬁark the tubules afe arranged
radially awaj‘from the centfalvcanal,'while in the butterfly ray,
sting ray, eagie ray and mohkfish, the glandular parenchyma is
divided by thin fibrous tissue septa into lobules, with tubules
orientated mostly in a longitudinal direc;ion. The tubules in
the first group’run into duéts‘ﬁhich foim part of the céntral canal,
‘but are separated §y capillaries.
\ It was not till 1960 thét Burger and Hess suggested a funétion
for this organ in the elasmobranchs.  They showed that the rectal

~ gland in the spiny dogfish Squalus acanthias acted as a salt gland,

producing a Cén;entrated fluid composed almost entirely of sodium

chloride. In so doiﬁg,~they suggested, the rectal gland helps to
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mainfain the ionic balance in the fisb, cémpgnsating for the passive.
influx of ions together with éalt ingesfed &itb food. Later work
(3urger, 1962, 1965) further supported this suggestion and em?hasii4
ed the rdie'éf the rectal gland as an ionic regulator.  Burger
‘(1962) showéd that ligation of the gland resulted in é rise‘in Both
plasmavénd qrine chloride‘levels, though‘nb measurements of blood
 or‘urine‘§odium levéis weré made. Salt loading of animals was
“also showﬁ to increase‘rectél gland secretion rate. ~Further
‘evidence,supporting the suggestion that the elésmobranch rectal
*glaﬁd is a salt gland was provided by Oguri (1964) who cdmpared
rectal glands in fresh—wéter agd marine elasmobranchs. He reporte&
that‘”a rémarkable difference was observed in the size of féctal

glands from marine bull sharks (Carcharhinus leucas) compared to

those from Lake Nicaragua and Rio San Juan, even if the smaller

size of the fresh-water sharks is taken into consideration".

Recent findings for Poro&erQa africanum (Haywood,V1974d) have
Vindicatgd‘that the rectal'gland (a) is not as impo:tant arregulafor'
of body ionic'concentfatidnAas was previously thought and (b) may
not control blood chloride and sodium to the same extent. Results
tended to suggest greater regulation of chloride thanvsodium. In
~vieW’of7previous results (Haywood, 1974b) which sﬁggest that 'Chloride
¢ells’ are preséﬁtkin branchial tissue of ﬁhisAspecies, and the
above findings, it was -decided to extend the chiofide test to rectal

gland tissue, at the light-microscope level.
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MATERIALS AND METHODS
ANIMALS

Specimens of Poroderma africanum (Gmelin) were collected from.

both sides of the Cape Peninsula‘and kept in the laboratory, as
previously described (Haywood, 1973). Both‘Sexes wéie preéent in
approximately equal numbers. The investigation was carried out on‘
8'fish, acc1imated to nofmal sea water (467 mM Na/l, 550 oM Cl1/1,
1030 m0sm/1) for a period of 1 week, and fed up to 48 h before

experimentation.
TISSUE PREPARATION

The rectal glands from 4 ﬁormal animals were compéred with thosé
from 4 fish which had’been sa1t~1oéded,‘ Animals;were removed from
: séa water, ﬁeighed and then stuﬁned with a sharp'blod.to the dorsal
cranial surface. The rectal glaﬁd was quickl& removedrthroughya
ﬁid*line incision in the pelvic region. The length and greatest
width of the gland were measured, together with ifs fresh weight
(values not reported here). ARectal gland tissue for the éhloride"
.test was then QUickly transfered to deionized water at 5°C, for 15
minutes, to remp&e‘surface Sélts, aftet being cut longitudinally or
transversely for later sectioﬁing. f’Tissue for normal histological
staining was transférred to 2.57% formal gsaline and stored overﬁight
at 5°C. |

Four animals were injected inter*peritoneally with 2 ml (fish

under 1.5 kg) and 4 ml (fish over 1.5 kg) of a 750 mMolar NaCl
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solution. Two hours after injection, fish were removed from the
seé water and the rectal glands excised as described above. Such
fish were considered to be salt loaded and previoﬁs results (Haywood,
19744d) indicate that the rectal gland should be most active from
1 =3 h after salt injection.

The chlorlde test staining procedure was that of Copeland (1948)
as modlfled by Haywood (1974b).

: Tissue for normal histologicﬁl staining was dehydrated through

. the various stages of alcohél‘and both this tissue and that exposed
‘to‘the chlofide test were then cast inﬁo wax blocks (M.P. 52°C) for
sectioning. Sections wece cut at 5 - 10 B

Sectlons for PAS staining were dewaxed in xylene and run through
descending strengths of al;ohol, to distilled water. They were then
oxidized fo: 5 minutes in 0.5% aqueos periodic acid, washed in dis—~
tilled water an& stained in Schiff's reagent for 10 minutes. After‘
staining, tissue was rinsed in a metabisulphite rinse (sodium meta—
Bisulphite 8g, HC1 Cﬁﬁc‘ 20 ml, Dist. Hp0 2 litres) for 2 minutes
and ﬁashéa‘in running tap water for 5 minutes. Further staining
iﬁ eosinkhaematoxyiin'was carried out for 2 minutes. After further
washing,,tissue was differentiated in acid alcohol, iightly blued
in ammonium hydroxide, rinsed and then dehydrated and mounted in
the normal manner. |

vTissue was also stained with the folléwing composite steins,
Alcain blue-Neutrai'red, Mallory's stain-Sudan IV, and Phosphomolybdic
acid orange-Sudan black.

Iissuerpfeparations were photographed with a Zeiss Photoﬁicro*
scoﬁe IT 1540 on Ilford Paﬁ F film and the negati?e developed with
a Beutler developer (K. Oates —'péréonal communication), to increase

tonal range.
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RESULTS
HISTOLOGY

The general arrangement of tubules in the rectallgland»of

Poroderma africanum was shown with Phosphomolybdic acid orange-~

Sudan black staining. The appearance of the gland in T.S. is
éhoWn in Plate 12 and, with incfeased ﬁagnification, tubules and
individual cells were visible (Plate‘13) although not to #he degree
of resolutioﬁ desiréd. Many tubules appear to be running almost
parallel to the long axis of the giand, althcﬁgﬁ the méjarity lie
in a radial arrangement away from the central collecting duct;

As later indicated, the arrangement of tubules was not found to be
"uniform throughout the length of thg glands examined.

PAS stéinipg revealed an overéll radial arrangementvof‘tubules
(Plate 14)'in the upper region of the glan&, but several tubules
wereiégain‘£0und‘to Se running at irrégular angles to the majority.
Some‘tubules produced the appéarance of spaces or éubsidiary collect~
ing ducts rumning paraliei to the long axis, possibly linking up.
with the central duct in the lower region of the gland. rBlood
vessels = (mainly veins) were abundant in the centralvregiansﬁdf
the gland. Fibroué matefial in the outer fib:o~muécular layer was
Vheavily stained and the tubules and capillaries iq the middle glandu-~
lar layer also showed positive staining. The passage of collecting
tubuies into'the central canal is shown in the L.S. preparation of
the upper region of a glan§ (Piate 15);

| Results with Mallory's étain%Sudan,IV showed similar arrangement

and definitioh to that with Phosphomolybdic acid orange—Sudan black






























- 144 -

PLATE 16. Transverse section of rectal gland, after silver staining,
showing the distribution of silver granules in tubule
cells of the more central regions of the gland, extending
out to the inner regions of the middle glandular layer.

PLATE 17. The general distribution of silver granules, from the
inner regions out to the middle glandular layer, is
illustrated in this low power transverse section.
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PLATE 20. Silver depos1ts in the glandular cells, as seen under
: hlgher magnification.

- PLATE 21. Intracellular silver deposits as seen under high

‘ magnification. The appearance of these silver deposits
bears striking resemblance to that of silver dep051ts
seen in branch1a1 tissue of this species.
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DISCUSSION

The appearance of the tissue after sectioning suggests a radial

arrangement of the rectal gland tubules in Poroderma africanum,

. élthough this is most apparent in the head region of the gland and
is‘not so easily visibie in the lower region where the central canal
is enlarged. In this region the matrix of the gland appears to be
subdivided into lobules, by septa of the glandular parenchyma,
although’a radial arréﬁgement of tubules is still apparent within
'each‘lobule.: This preliminary investigatidn suggests that several
coliecting ducts are forued in the lower regions of the gland, running
pafallél withAthe central canal and presumably joining it beforerthe
 canal enters the gut. Thé_fine structure of the glanéstexémined;v
when‘considered over their éntixe-length,‘may therefore be considered
as non—uﬁiform.

Previous examination of rectal glénds (Bonting,'1966) from 9‘
élaémébranch,speciés has shown that the fine structure ténds to be
of only 2»different‘types.‘ A radial arrangement of tubules, pfesum~
ably over the entire Ieﬂgth of the gland, was shown for rectal glands

of the spiny dogfish (Squalus acanthias). sand shark (Carcharias litt-~

oralis), smooth dogfish (Hustelus canis) andvsick1e~Shaped shark

(Carcharhinus falciformis), In the rectal glands of the butterfly

ray (Pteroplatea altavela), eagle ray (Myliobatus frewiuvillei).

sting ray (Dasyatis centrura) and monkfish (Squatina squatina) the

; tissue was divided up into lobules by thin fibrous septa, so that
the tubules were orientated in a longitudinal direction.  The '
septa were found to contain smooth muscle cells and nerve fibres.

Such a structure seems very similar to that observed in the lower
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regions of glands in Poroderma africanum.

With respect to tﬁe results of the'chloride test on rectal
gland tissue, the present investigation can only be termed super—
ficial and under more favourable conditionthﬁé examination wouldn‘
habe been taken further, with incorporation of electron-microscopy.
In order to qualify the ion transport mechanism operating in the
rectal gland tubule cells a more intense investigation and
exaﬁination‘of.céllular components such as the mitochondria, endo-
plasmic reticulum and golgi apparatus would Be necessary, together
with possible enzymatic assays. It is‘thérefore not feésible‘tg
suggest a definite 'chloride cell'’ mechanism present in the rectal
gland at this stage, although present results show a marked similar-
- ity'in appearance between the intracellular silver deposits of

tubule cells and those shown previously (Haywood, 1674b) in gill

tissue of Poroderma africanum, where the suggestion of 'chloride
cells' is supported by other findings.

Previous findings (Haywood, 1974d) have indicated that thé,

rectal gland‘in Poroderma africanum may regulate body chloride to
avgreater extent than sodium. After salt loading, normal fish
showed slightly greater rises in serum sodium than chioride, but
when the rectal gland was ligaged, the converse was shown to occur.
In all cases ligation of the rectal gland produced only’short-term
effects on Blood salt levels and the role of the glaud as an iomnic
regulator was considered minor in this species.

Doyle (1962) has shown that the salt-transporting system in the
" rectal gland of the sting ray (Urolophus) is characterised by a
series of vesicular components of some complexity and there was

reasonably good evidence for the discharge of large numbers of
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ismall vacuoles into the lumen of ducts, by fusion of ﬁhese with the
apical ¢e11 membrané;. examination of tubule cells also shoﬁed
large numbers of‘mitqchondria,,glycogenvgranuleé and RNA pariicles.
Bonting (1966) demonstrated ﬁhe presence of Na-K AT?asevin high
activity in‘ﬁhe rectal glands @f 9 species of elasmobranch and
furthef showed that species with a radial arrangement of'ttbules in
the gland had highér,enzyme,activity per kg body weight than species
ﬁith ﬁhe 16bular divisions~of the glandﬁlér‘parenchyma. He féund
~that many tuﬁular cells containe& strongly_PAS-positive cytoplaspic
 granules, sdme of whigh %e:e faintlyVStained with Alciaﬁ blue,
.suggeéting that they might,be concerned‘with mucin production, and
hence might play a role in thévNa~secreting'pro§ess by binding:Na~ :
ions that.have been Secreﬁed into'ﬁhg tuﬁula? lumen and central
canal. Bopting suggested that V"an additional argﬁment for a role
of the‘NafK ATPase in salt secretion by the elasmob;éncﬁ’rectal
_gland'cén‘be,derived from the histological similarity between'thiéA
V‘glénd (Doyle; 1962) aﬁd ﬁhe,marine'bird nasal gland (Doyle, 1960)."
Further Similarityvcan be dérived from the occurrence of regressive
, changeé in both types oﬁ gland, upon prolonged disuse (Bonting et al.,
1964; Oguri, 1964).'
Thesléff & Schmidt*Niélseﬁ (1962) wefé able to abolish'secretions

of marine bird nasal glands by retrograde injections of ouabain, |
Vthrough the duct of‘the gland. ’Since ouabain is a strong specific
inhibitor of Na-K ATPase, this was an important argumenf for a
 primary role of tﬁis ehzyme in birdrnasal'gland secretions. Dr.
"R. Palmer, Dept. of Pharmacologf, University of Florida (Boﬁting;
1966) was able to show similar inhibition of rectal gland secretion

after ouabain administration, and it thus appears that the Na-K
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ATPase system of the elasmobranch rectal gland is primarily concerned
. with salt secretion, indicating an active transport mechanism,
Similar enéyme activity has been demonétrated in isolated
*chloride cells' of fish gillé (Kamiya, 1972) and it has now been
shown that such cells are also present in elasmobranch branchial

tissue (Doyle & Gorecki, 1961; Payan & Maetz, 1973) - indeed they

seem present in gill tissue of Poroderma africanum (Haywood, 1974a).
~ In view of this, and thg similarity of silver granules.apparent in
tubﬁle éells (present invéstigation) to those found in the gill
tissue df the same species, it does not seém impossible for similar
cells to be present in the'tubules of the rectal gland of Poréderma'
africanum.  Such might well account for & marginally greater
;egﬁlé;ion bf body chlori@e although such cells are likeiy‘tb trans-

port Na-ions indirectly by ionic attraction.
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* CHAPTER 10
DISCUSSION AND CONCLUSIONS

The findings of this inveétigation may be listed as follows :—

(1)' In the laboratory, the species tolerates a wide range of

external sélinities -~ from about 18,0 to 47.5%. .

(2) Blood chloride varies from 200 mel,vin tﬁe most dilute medium
to 315 mi/1, in the highest salinity, with a mean value of

about 260 mM/1 in normal sea water.

(3) Both well~fed and underfed animals show similar fesults,

as do both sexes.

(4) Serum osmolarity parallels the isosmotic: line over the majof

 part of the tolerated salinity range,
(5) Serum urea concentrations alter with external salinity.

(6) There is a pronounced dietary effect upon both serum urea
concentration and osmolarity, over the exposed salinity range.
Underfed animals have lower urea concentrations and osmolari- -

ties than well fed animals, at the same external salinity.

(7) ’Animals fed only at monthly intervals exhibit hypo-osmotic
serum, yet seem to maintain osmotic equilibrium. Animalsv'
- fed at intermediate inﬁervals exhibit varying degrees of hypo~
osmﬁiérity and since serum urea is found to vary in a similar

‘manner, the final osmolarity can be attrihuted largely to the



(8)

9

(10)

(11)
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serum urea value.

Serum sodium varies from about 190 to 365 mM/1, over the
salinity range tolerated, with a mean serum sodium value of

238 mM/1, in normal sea water.

Again there is no sex or diet effect upon serum sodium values.

In dilute sea water, serum sodium parallels the rise in serum

chloride with increase in external salinity, but above about

1077 sea water serum sodium begins to rise sharply.

As a result of the above, blood from fish in hyper-saline

media show higher serum sodium values than chloride whereas

/ the opposite is true for the blood of fish from dilute sea

2)

¢! 3),

(14)

water.

The éxﬁosure of fish to some ﬁon-mixohaline solutions, artifi-
cially produced in the laboratory, suggests tﬁat the §arious
blood ions? especially sodium and chloride, may be regulated
independantly of each othér, but proportionally to their

respective concentrations in the external medium.

Using radio-isotopes, the turnover rates for sodium chloride,
water and urea are found to be 0.24, 2,47, 97 and 0.08%Z/h

respectively, for fish in normal sea water.

Chloride and water turnover rates show maximal values in

normal sea water and decline with variations of the salinity
away from this value, the decline in chloride turnover rate

being more marked.



(15)

(16)

(17)

(18)

(19)

(20)

(21)
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Salinity change is also found to affect urea turnover rates,
but in this case turnover 1s reduced in lower salinities and

increased in hyper—saline media,

The exchangeable ionic space has been calculated, as chloride

space, as 34.47 body volume or 32.& ml/100g fresh weight.

Haematocrits show that a sudden drop in the external osmolarity
produces an increase in blood volume, measured as a decrease
in blood p.c.v.'s (packed cell volume). Similarly, exposure

of fish to increased external osmolarity produces rises in

: blood P-C.V- ¥

Hypo-osmotic fish (due to underfeeding) show greater p.c.v.
changes, upon transfer to different medium, than normally-

fed fish.

The p.c.v.'s of normally-fed fish return to initial values
within 7 days of transfer to the new medium, but hypo-osmotic

animals take longer to re-attain osmotic balance.

The use of phenol red demonstrates that normally-fed animals
do not drink the medium to any appreciable extent, though hypo—

osmotic animals were found to do so.

Animals with surgically-closed rectal gland and urinary
systems can be kept successfully, with little change in blood

sodium and chloride levels, over a period of 2 weeks in the

, 1aborato£y, suggesting regulation by some other organ such as

the gills.
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27)
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Both the radio-isotopes Sodium-22 and Chloride-~36 are found

to be lost at the gills, against the concentration gradient,

for fish in normal sea water.

Histochemical studies of gill tissue, incorporating the chloride
test, suggest that chloride transport may occur at the gills

in this species.

Fish with inoperative rectal glands show only slight rise in
blood sodium and chloride‘levelé, as measured over a period

of 2 weeks, and compared with control animals.

Salt loading of boih control fish and those with inoperative

‘rectal glands demonstrates that blood salt levels return to

Andrmal»ﬁithin 7 h of sodium chloride injection.

Results indicate that the rectal gland may control chloride -

~levels more than sodium, although its effect was not‘found

to be very pronounced in either case.

The secretion rate of urine and rectal gland fluid is consider-
ed to be very small in this species, since the two collected
as a combined fluid.oniy averaged a production rate of

3 ml/kg/day.

Estimation of the cloacal salt loss via urine and rectal

gland fluid suggésts that cloacal salt loss accounts for only

27.2% total sodium turnover, 14.27 total urea turnover and

only 2.67Z total chloride turnover.

Results therefore indicate that over 97% of the chloride
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loss from the animals ‘occurs at some other site such as the

gills, and/or the epithelium.

(30) Histochemical study of rectal gland tissue shows similar
intracellular silver deposits to those found in branchial
tissue. These deposits are more abundant in the glands of

previousiy salt-loaded animals.

These conclusioﬁs indicate tﬁat in general the osﬁoreguiation
of this species is similar to that of other marine elasmobranchs,
aithough several intéfesting observations come to 1ight.b |

Whilst there is no evidéuce to date that this species invades
estuaries or brackish wapefs, and must therefore be regarded as
stenohaline, pfesent results have shown that,Aundér laboratory
conditions, it is.ablé to withstand a considerable change in exter—
nal salinity without'apparént a&verée effé;ts.. It should be noted
thét the species tends to be more a~‘cohf6rﬁer' than a "regulator'
with regard to blood osmolarity; wﬁich tends to parallel the external
osmolarity,‘and‘perhaps it would be true.to say that this.éharactér-
istic is éhown more by stenohaline animals thén by euryhaline ones.
Added‘to‘this, these dogfish seem to show reduction in the body
permeability to ions and water, when in abnormal salinity - again
a possible modification towards stemohaline conditions. ﬁeverthe~
less, the fact thaf they are able to toierate this wide range of
salinities is in itself evidence that saliﬁity is prbbably not the
major facto:~inf1uen¢ing the distribution of this species, under
natural conditionms. |

 Results have also demonstrated that turnover of the major ions
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and water 1is, in general, similar to that of other marine species,
with a ten-fold differeﬁce between the turnovef rates of chloride
and sodium. VThevexchangeablé ionic spéce, measured as chloride
space, seems to beiin the same order of magnitude as tﬁat for other
animals examined, although perhaps a little Iarger than previous
findings. The rectai gland, however; does not play as large é

role in the osmoregulationAof this species as was previously suggest—
ed for other dogfish. On the other hand, whereas the gills seem

to have been~underestimafed as fegulatory organs inAthe,past, they
appear to play an impbrtant part in thevgeneral ionic and osmotic
regulation of this species and results suggest that a large percent-
age of salt and water transfer between body fluids and the exfernal
medium occurs at thevhranchiai site} An interesting connectiop
‘between branchial salt regulation and that’by the rectal gland

may exist, in tesbect of chloride transport, since histochemical
" examination of both rectal gland and branchial tissue has indicated
the preéence of intracellular‘chloride concgnfrétions which may be
indicative of a chloride transport mechanism. One point whicﬁ
seehs to have come through clearly is that, for the particular'ions
assayed, régulation of tﬁese by the anima1 seems to be a separate
process for each ion species and appears to be independant of the
concentration of other ions pfesent but dependant upon tﬁe concentra-
tion difference of that ion between internal and external média.

Marine teleostﬁland elasmobranchs have hitherto been regarded

as rather distinﬁt groups, with regard to the physiology of salt
:and‘waterAbalance, but,présent resﬁlts have shown that, when under-
fed, dogfish become hypo-osmotic and drink the sea water, as do

marine teleosts,'probably excreting salts at the gills. _‘Whilst
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this has only béen shown in laboratory animals, and it cannot be
postulated how often thé situation occurs in the field, the‘phenom-
enon itself suggests a closer physiologicalvlink betweeﬁ the marine
eiasmobranchs and teleosts, than was préviously thought, and indicates
thaf more physiological investigation into the osmoregulation of
‘other elasmobranch»species is called for before any real comparison

between the two groups can be made.
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APPENDIX 1

ACTUAL VALUES REPRESENTED IN FIGURES 1 TO 4 OF CHAPTER 4.

Figure 1 Serum chlo:idé versus external chioride (mM/1)

Ext. Cl Serum Ext. Cl | Serum
290 200 | 547 252, 260, 266
295 ‘2000 ss0 261, 267
305 195, 202 553 268 j
317 200 560 265, 272
322 200 565 270, 275
335 200 570 . 263, 273
30 201, 205, 209 580 273
375 202, 213 590 277
% 206, 212 600 273, 277
405 212, 220 610 274, 287
4512 216 625 286
420 215 635 - 286
425 223 , 540 287
435 225 | 645 283, 287, 294, 307
440 223 655 292, 299 |
450 | 223, 237 675 . 305
460 : 229, 234 690 303
465 231, 250 700- 300, 312
482 242 715 307, 317
490 ~ 221, 240 730 313
495 242, 247 740 - 310
507 242 750 314
512 250 765 302, 315, 322
525 252, 257 . 775 315

545 258
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(O high intake,

O
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845

880

890, 905

920

930

950

980
980
1020

1055 -
1060
1060 )
1060, 1090
1070, 1110
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Figure 3 Serum urea concentrations versus external osmolarity

.(0 /high_intake, 0_ low intake fish)
External osmolarity '(mOSm/l)v “0 (mM/1) 0
700 225, 238 216, 232
760 265, 272 279, 285
s E 272
820 280, 290 308, 323
850 | 275 340
865 0 364
870 - 310, 314 365
910 - 313 S 387
920 . 317 |
935 o 352 - 400, 427
900 37 3
990 s |
1000 | ; 392 ' 432, 440,
453
1040 - 405, 410 440, 456
| 480
1050 - - 357, 398, 456, 466,
402, 407, 475 o
416
1080 427
1100 . 415, 452, 487
1150 450 500
1200 482, 490 515, 537,

542 -

1320 505 550
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Figure 4 Variation in serum urea and osmolarity with time.

Days Serum urea (mM/1) Serum osmolarity (mOsm/ML)
1 | 1088 1093 1098 1110
4 515 507 49 . 1086 1077 1079 1100

7 430 480 - 470 465 1080 1069 1075 1069
1o 467 463 - - 1070 1060 1068 1066
16 424 439 443 434 1040 1048 1035 1030
21 405 424 429 410 1038 1040 1030 1020
26 385 415 425 392 1027 1037 1020 1002
31 397 420 425 400 1027 1037 1022 1010

33 432 420 455 400 1026 1074y 1020 1081
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'APPENDIX 2
ACTUAL VALUES REPRESENTED IN FIGURES 6, 7 AND 8 OF CHAPTER 5.
FIGURE 6. CHLORIDE TURNOVER RATE (%/H) VERSUS EXTERNAL SALINITY. (mMC1/1)

External Cl Turnovers Mean External Cl - Turnovers Mean

420 . 0.95 o o
1.05 1.09 600  1.20 |
1.28 - . 1.35 1.38
1.41
1.58

430 0.87 = - 0.9 640 1.60  1.63
| 1.00 - - 1.66
455 ~ 110 1.15 650 2.15
1.20. - . 1.55 1.80
_ o . 1.70
480 1.10 -
: 1.28 1.30

500 1.55

1.95 . 1.89

520 2.25

560 - 2.40

2.15 2.13

580 - 0.98

1.30 - 1.31
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FIGURE 7. UREA TURNOVER (7/H) VERSUS EXTERNAL OSMOLARITY (mOsm/l)’

External osmolarity Turnover rate Mean value

750 0.045 - -
0.049 . 0.056
0.061.
0.068

900 . 0.066
- 0.074 | ,
- 0.079 | 0.079
0.084
0.093

1000 - . 0.060°

o ‘ ~ 0.067 :
0.075 : 0.074
0.094

1030 » 0.063
| 0.066
0.073
0.078 - 0.079
0.085
0.089
0.096

1170 | 0.085

: | ~0.092 o
0.109 0.110
0.118
'0.145
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FIGURE 8, WATER TURNOVER RATE (7 /H) VERSUS EXTERNAL MEDIUM (mM C1/1)

External medium ’ : ’ Turncver‘rate : Mean
450 . 78.2

83.0 - 82.7

465 : . 8L.0
84.0 84.1

500 ‘ 76.0
- . 80.0 81.3

540 ~ 87.0
| 90.0 88.5
550 | 92,0

95.1 97.1

560 0 :

.2 93.2
5 ;

5

600 80.0
87.0 86.2

650 ' 88.0
: 85.5 85.2
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APPENDIX 3
ACTUAL VALUES REPRESENTED IN FIGURE 10 OF CHAPTER 7.

FIGURE 10.  SERUM SODIUM VERSUS EXTERNAL SODIUM CONCENTRATION

(mi/1)
Ext. Na  Serum Na. Mean Ext. Na  Serum Na Mean
280 179 . 500 238 ,
. 191 190 | 246 248
200 , 252
| ~ ~ - 257
305 192
© 198 520 251 1
204 201 269 260
210 - ,
| 531 268 |
335 199 276 272
S 210 208
215 550 270
| | 280 :
370 217 | 283 285
- 225 223 | 289
229 . | 304
10 227 231 - 565 294
235 < 297 .
o 304 302
435 224 | S 313
230 - o
261 234 591 311
243 | 322 31
467 225 o 612 327
| © 230 338
235 | 342 - 338
235 . 345
239 »
243 - 238 63 340
243 - 348 347
243 - 354 v
252 |
| 660 340
475 238 o 359
| 248 S 362 358

257 251 ' - 372
262 ‘ ‘ ' :
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APPENDIX 4

TABLE OF WEIGHTS AND MEASUREMENTS OF“RECTAL GLANDS 'EXAMINED IN

* Accurate only to 2 decimal places.

CHAPTER 9.
FISH NO. ° SEX  FRESH WEIGHT ~ RECTAL. GLAND

o mew

‘(cm) (g)

1 0.7 1.2 0.5 0.33
2 | | ‘0.920’. 1.3 0.5 0.35
3 | o | 1.17 * 2.0 .-Q.s' 0.48
3 o | 1.5§ * 2.2 0.6 0.52 ’:

- 5 o 1.70 % | 1.6 0.6 0.26

6  1.80 * 1.6 0.6 0.28

7 |  2.05 2.5 0.7 0.56

| . 415 % 2.4 ;o.s  0.83
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~ APPENDIX 5

.COMPOSITION. OF THE BLOOf) OF CALLORHYNCHUS .'CAP‘EN‘SIS'” '

DUMERIL (HOLOCEPHALI),*

('Add.itibnal publication in supportv_of theéis)

. % Published in "South African Journal of Science" March 1974. .
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~ COMPOSITION OF THE BLOOD OF CALLORHYNCHUS CAPENSIS

.DUMERIL (HOLOCEPHALI)

Concentrationé of urea andlofhef substancés in the body fluids
of holocephalan fishes havevlong been assumed to throwvlight on the
phylogenetic position and status of the gfoup 1’2; ~ Virtually all
_meaéuremenfs'which have been made, however, relate to the family

Chimaeridaezfs, the only work on the blood of the monogenéric family

Callorhynchidae,being that of Dakin6 on Callorhynchus millii, over
40 years ago; | | | R |

. Dakin found ﬁhat the concentrations of urea and.chloride-in‘the
blood of hié animals iay well within the range displayed by elasmo-
- branchs andvconcluded that "there can be no doubt whétéver from

these figures that the Holocephali are typical Elasmobranchs."

This conciusion haévﬂot.been supported byvsubseqﬁent.work on the
Chimaeridae, the valqes obtainea for urea concentrationsrbeing
iower, énd those for chloride higher, than those obtained from
elasmobranch fishes; In view of these disparate results it was
clearly éssénfial ﬁhat further analyses be undertaken within the
‘ fémilj Callorhynchidae. -

Callorhynchus capensis is a common holocephalan around the

coasts of the Cape Peninsula, South Africa. Moreoﬁer, it occurs

in relatiQely sha116W'water, occasional individuals béingAéadght

in the peté of séiﬁe fiéhérmen; Theyvalsq enter the influent

pipe of a loéal power station, becoming trappéd in the céoling
system, from which they can be removed withoﬁt damage. Animals
were obtained from both thesg sources, heart—-puncture beiﬁg perform—

ed either in the fié1d or in the laboratory and the blood allowed
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to clot overnight at 8°C. The samples wére then centrifuged and
the clear serum used to deﬁermine osmolarity in a>Knauer Osmometer
with fréezing attachment. Urea concentrations were determined
colorimetfically,vusing the method of Pré 35_31.7, while chloride
was measufed by titration against mecuric nitrate, after the mefhod
of Schales and Schaless.

The sérum osmolarity of 9 animals removéd from the power.stétién
on 5/6/73 varied between 1,030 and 1,045 mOsm/1, averaging-l,d39,
Sea water sampled from the same source at the same time was found
to have an osmolarity of 1,040 mOsm/l. Tests on individuals obtain-
ed on gther occasions, both from the same source and from seine
fishermen, confirm that the blood of this species is iSOmotic‘with-
the sea waﬁef‘in which.the animals have 5een living. Thi$ conclu-
sion has pre#iously been reached for members of the family Chimaeri=—

dae2>455, as well as for Callorhynchus mil11ii®. Nicol3 seems to

have been mistaken in reporting that the blood of Hydrolagus was
hyposmotic to sea water; his mistake could have arisen from testing
under-fed animals, as Haywood? has shown that the blood of the

elasmobranch Poroderma becomes hyposmotic under such circumstances.

Serum urea values obtained from 12 individuals of Callorhynchus
caEensié, all éollected from thé po&er stétion on the same day,
varied between 266 and 315 mM/1, the averagé figure being 289.
Chloride determinations on the same samples gave values ranging
between 345 and 370 mM/1, the average being 359. The urea average

4 and Read2 for Hydrolagusvv

lies between the values obtained by Urist
colliei and is only slightly higher than that reported by Fange and

Fugelli5 (265 mM/1) for Chimaera monstrosa. The average chloride

value for Callorhynchus capensis is higher than the values reported
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5

for szrolagusz’4 but is lower than that of Chimaera monstrosa
(380 mM/1).
We must conclude, therefore, that with respect to urea and

 chloride concentrations, the blood of Callorh?nchus capensis resembles

that of chimaerids and that it differs from that of typical elasmo-
brahchs, urea values being lower and chloride values higher than

aré usual in that group. Our results also differ markedly from

6

thos obtained by Dakin® on Callorhynchus millii; in view of the age

of this work and the relatively crude methods used, we believe it

should be repeated before any comparison between the two species of

Callorhynchus'is atteﬁpted‘
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