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When lesions were sterectaxically placed in medial nucier of the ventral talen-
cephaion and pﬁ@étig ares of maie goldfish. only lesions in tha ares vertralis
te/encephal i pgrs supfmﬁmmiss;frahs!;) and posterior ares ventralis telencephali
pars vamralis (pVv) regions that bind sex stercids) reduced the proportion of males
spawning both 5 days and up to 4 weeks postoperatively. as compared to sham grmps
Subsequent experiments utiizing Vs-pVv lesioned fish  showed that spawning
consistency over 7 weekly tests was negetively correlsted with the volume of Vs-pVv
destruction The motor capability for s.p!Wﬁmg behaviour was not affected as
two-thirds af Vs-pVv lasionad malas ;p,lm on at least one of ther weekly tests,
with l:téncmis for the onset of each courtship behaviour similar to those of control fish
Neither was the reproductive endocrinology q;spneut;iy m-rief by _Vrr;;\/vihsians; as
the gonsdosomatic indexes and "Con A I Q@r{ide’tr@piﬁ (GtH) levels were similar in
lesione:- o sham lasioned goldfish

pVv lesioned males that failed to show male spawning behaviour also failed to
show female spawning behaviour when injected with r;}rasu@lﬁ%q;h F.sipha (PG. When
fish were temporarily 1solated. lgs; swimming activity was seen in the sexually inactive
lesioned fish than in the controls. All behaviour was not indiscriminantly reduced,
however, as feeding behaviour svoked by a food odor was unaffected by Vs-pVv
lesions.  The lesions may have disrupted the pf::;:assmg of stmuh that reguigte social
activities, particularly. for male behaviour, the processing of critical olfactory cues In
.this regard, paraliels with the mammalian amygdals were noted

While the systermic implantation of testosterone (T) peliets reinstated spawning
behaviour in sexually inactive, regressed male goldfish. other routes of androgen
administration failed to significantly increase the proportion of males spawning The
males used in these latter experiments may have been rendered insensitive to androgen
treatment by iengthy exposure to conditions thit produced extreme saxual regression
Trends in these data suggested that systemically injected 1 i;kgictastastéréna WAas more
effective than T or estradiol m inducing male spawning The observations that Vs-pVv
/iﬁ'@liﬁti of T peliets into regressed fish increased, while implants of the ﬁtiitiféij? drug,
Eng'bm-phana citrate. decreased this bshaviour are consistent with the hyp«,:ﬂwasis cji

v e
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central site of androgen action

When mature male goidfish were exposed to sexus! stimuli (either a spawning
PG-treated fermaie or rmaia) the lavels of GtH and expressible milt were slevated withm 1
h. these elevations persisted for at least 2 and 24 h respectively These responses did
not ﬁéét} if the males were {!!gﬁflﬂy’ inactive or physically separasted from a stemulus
spawning pair.  The results indicated that exposure to a spawning situation was suf ficient
to induce thase physiological changes. and that sexual behaviour and slevations i milt and
GtH may share a ém activational pathway. A combination of neural and hormonal

machamsms may mediate the sexually —stimulsted increase i mift volumes

%
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. GENERAL INTRODUCTION

"Psychoneurosndocrinclogy” has been defined as a field that “covers both the

control of hormonal function by the nervous system and the role of hormones
themselves on bran function and behavior” (Smythwes, 1976), This thesis represents the
first concertad affort to advance our knowledge of the psychoneuroendocrinology of

spawning behaviouwr in male fish

In nonpiscine male vertebrates, particularly mammals and birds. these inter— . _

relatonships have been well described With the approach of the breeding season
environmental stimuli act via the hypothalamus to incresse m&;;:rat»an of pruitary
gonadotropins. which stimulate spermatogenesis and the production of tasticular
androgens. These androgens are taken up by specific sites in the central nervous system
that coordinate aspects of reproductive function Classical castration/hormone
replacement axperiments have shown that sexual bshl\nmr as well as other processes
such as the development of secondary sexual characteristics, are dependent upon
adequate levels of circulating androgens. Furthermore, implanting small hormone pellets
directly into the preoptic area of the hypothalamus, one of the sex steroid—concentrating
brain sites, selectively activates mating behaviour without stimulating other
androgen—dependent events This suggests that androgens somehow "turn on” specific
parts of the bran, which then facilitate sexual behaviour in response to the appropriate

external stimuli. In turn, the performance of sexusl behaviour causes short—term

rate—limited by hormone availability. Thus, the foregoing events enswre that sexual
behaviour will accur when gonad maturation is complete (Martin, 1976, Kelly and Pfaff,

Little parallel information exists for fish. The teleost fishes appear to follow the
general vertebrate pattern in terms of their reproductive endocrinology, environmental
factors cue the onset of gonadal recrudescence through the elevation of gonadotropin
and sex steroid hormones (Petef and Crim, 1979). Sex steroid binding sites have been
identified autoradiographically in the ventral tllaﬁimﬂ preoptic and tuberal hypo-
thalamus, and pituitary of four species of teleosts, :lth%ugh the functional significance of

/




in mediating the feedback effects of steroids (Peter, 1982) However. the preoptic
hypothalamus has been imphicated n the control of gonadotropin secretion (Peter and
Paulencu, 1980) and some aspects of male reproductive behaviour (Macey et al, 1974,
Satou et al, 1980; Demski and Hornby. 1982); the function of the ventral telencephaion
in staroid-dependent avants is unknown While castration/hormone replacement studies
generally agree that male spawning behaviowr in fish i1s steroid-dependent (Liley. 1959)
there have been no attempts to stimulate sexual behaviour by implanting staroids into the
brain. Aiso. nothing is known about alterations in efdocrng state as a result of spawning
activity ‘

For a psychoneuroendocrine study the male goldfish (Carassius suratus) has
saveral ldviﬁtiges as the Bx;ﬁréfirﬁaﬁt.!i animal of choice

1 it is an easily available reasonably hardy animal that 15 bred for laboratory use.

2 much is known about its reproductive endodrinology. @
3 it is one of the few fish for which exists an assay for gonadotropin and a syereotaxic

atlas of the telencephalon and hypothalamus,

~ 4 sexually active males can be produced throughout the yesr by manipulation of the
photoperiod and temperature as well as by trestment with human chorionic gonadotropin
(Yamamoto and Yamazaki, 1966) Females are normally receptive only when ovulsted, but
qualitatively normal female sexual bshaviour can be elicited in fish in aimost any
reproductive state by treatment with prostaglandin F,aipha (PG) (Stacdy. 1976 Stacey and
F’eiar., 1979). Furthermore, male goldfish do not discriminate between ovulated and
PG-trested females (Stacey, 1981). !

This thesis consists of four main studies, each presented as a self-contasined
paper. Chapter |l describes the first gxégri;nents on the effects of brain lesions on
spawning behaviour in the male goldfish. The experiments of Chapter Ill measured other
behavioural parameters in male goldfish that were rendered sexually inactive by brain
lesions These rasults suggested ways in which lesions might be disrupting male
spawning behaviour and pointed to possible homologies of the lesion site with parts of
the mammalian brain. Preliminary studias, reported in Chapter V. axamined the affect of

systemic stercid trestmant on the behaviour of sexually regressed male goldfish and



sttempted to mManpulste the occurrence of spawning behaviour by implanting steroids or

antisteroid drugs into the brain  Finally. Chapt V gives the first report of rapid chengas

m the phbsualégv of male goidfish due to the performance of sexual activity




Il. EFFECTS OF FOREBRAIN LESIONS ON SPAWNING BEHAVIOUR IN THE MALE
GOLDFISH
A. INTRODUCTION ’

Relatively little 1s known about the neural substrates controlliing male spawning
behaviour in fish In other vertebrates central nervous sites that are major mtegrative
areas for the potentistion of male sexusl behaviour are activated following the binding of
sex steroid hormones, thus ensuring synchrony betwo:n physiological and behavioursl
readiness for reproduction Several brain sreas that concentrate sex steroid hormones
have been autoradiographically identified in four species of teleosts (Davis et al. 1977,
Demski 1978, Kim et al. 1978s; 1979 The tuberal hypothaismus, preoptic sres. and
ventral telencephaion were the most consistently identified sites a pattern observed
throughout the vertebrates (Morrell et al. 1975 Kim et al, 1978b) The stimulatory
effects of systemically administered sndrogens on the spawning behsviowr of male
teleost fishes (Liley, 1968, Johns and Liley. 1970, Fernaid, 1976 Villers shd Davis. 1977)
suggests that some of these sex steroid—concentrating brain areas may play an important
role in reproductive behaviour.

Two sex steroid-concentrating areas, the preoptic area and telencephaion, have
been implicated in the control of reproductive behaviour in fish Preoptic electrical
stimulation of male sunfish (Lepomis) evoked some components of reproductive
behaviour [Demsk: and Knigge. 1971, Demski, 1978) and central nervous stimuiation of
s;.unfish and goldfish defined a sperm reiease pathway running from the preoptic area to
the rostral spinel cord (Demski et al. 1975 Demsk: and Hornby, 1982). Large lesions of
the nucl/eus preopticus blocked the neurohypophysisl hormone-—induced "spawning
reflex” of killifish (Fundu/us heteroc!itus) (Macey et sl 1974), although the hormonal site
of action 1s probably not in the brain (Peter, 1977, Pickford et al, 1980} It should also
bg noted that neurohypophysial hormones produce a “spawning reflex’ only in
cyprinodonts, and the relevance of this induced reflex to the natural sequence of
spawning behaviour is unclear (Stacey. 1981) Medial preoptic lesions in male salmon
{Oncorhynchus nerke) reduced the courtship behaviour directed towards a femate. but did
not reduce spawning (Satou et ai., 1980). The preceding information and the involvement
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of the medial precptic area and anterior hypothalamus in the reguiation of maie sexual
‘behaviour in mammals (Larsson. 1979). birds (Hutchison, 1976), reptiles (Wheeler and
Crews. 1978 Morgantsier and Crews 1978, Crews and Morgentaler, 1979) and
amphibiaps (Schmidt. 1973 Wada ano Gorbman, 1977a. 1977b). have led to the
suggestion that the preoptic area may be 3 homologous neurosnstomical substrate for
male sexual behaviour in all vertebrates (Kelly and Pfaff 1978. Morgantaler and Crews.
- ? T

1978 -

Ablstion of the telenc on causes major deficlencies in :pmwg and other

behaviours of many teleosts (Davis et al. 1976. de Brun, 1980} The elwmwnation of
spawning by taslencephalon ablation in the male paradise fish (Macropodus opercularis)
was not due to perceptusl or motor deficiencies. incompatible social responses (Kassel
et al. 1976). or lowered nonspecific social srousal, suggesting that the telencephaion
specifically facilitates the activation of reproductive behaviour (Kassel and Davis. 1977)
Moreover, localized lesions of the dorsal telencephsion, which sppesr not to have
destroyed the more ventral sex steroid-concentrating celis, were relatively ineffective in
reducing sexual behaviour when compared to total telencephaion abiation in sticklebacks
(Gasterosteus acu/eatus) (Segasr and Nieuwenhuys, 1963) and Siamesa fighting fish (Betta
' splendens) (da Brun, 1977).

Thgiprgsaﬁt study examines the effects on spawning behaviour of lesions placed
sterectaxically in and adjacent to the sex steroid-concentrating sreas of the ventral
telencephalon and preoptic area of the male golidfish (Carassius suratus) Praliminary

results of this study have been reported (Kyle and Peter, 1978)

B. METHODS

Goldfish were purchased from Grassyfork Fisheries Co. Inc. Martinsville, Indisna
and kept for various times in 1000 or 3500 iitre flowing—water tanks, at 13 t 1°C, under
a simulated (Edmonton) photoperiod Mature male goldfish, identified by the prasence of
pectorsl tuberclies and expressible milt, were moved to 150 or 225 litre fibwing-water
tanks and held at 20 t I*'C. under a 16 h light and 8 h dark photoperiod, for st least two

weeks before and during all experiments. Fish were fed twice daily with commercial fish
]



food Ewos peliets).
Behavioursl Testing Procedures
Production of Stimulus Femnales

Normally, spawning behaviour in the goldfish follows ovulation in the spring.
however, as difficulty was experienced in producing sufficient numbers of ovulated
females throughout the year. we routmely used intramusculsr injections ic::f prostagtandin
F,aipha PG 200 ng/g body weight) to produce sexually active females (Stacey., 1976,
Stacey and Peter 1979) Stacey198 1) has shown that maie goidfish do not discriminate
between ovulated and PG-treated femaies
Preoperstive Selectiorr of Males

&

at 20°C that contaned saveral bun«:gs of floating. artificial plants. which served as a
spawmng substrate. and one or t\bb sexually receptive femasles. mnjected 30 min
: previously with PG Only animals that showed vigorous courtship activity within 30-40
min were selected for use in subsequent experments
Pastoperastive Tests

Experimental male goldfish were placed individually in aquaria contaning a single
PG-injected female and artificial plants, as described sbove, and were observed until
spawning was seen or for 90 min If no courtship activity was seen within 60 min, a
stimulus male that was known to be sexusily active was added to the aquarium, allowing
Eéﬂ;ﬁip and spawning to occur during the last 30 min of the test Spawning of the
stimuius male and female served to verify the receptive state of the female and provided
conditions that are often a strong courtship incitement for male goidfish (AL Kyle,
unpublished observations) The onset iatencies for three aspects of courtship behaviour,
defined below. and spawning were recorded to the nearest min Following the
behavioural test, fish were returned té the holdihg tank, only at this time was the identity
of each snimal recorded.
Behavioural Categories

The following four components of male sexual behaviour, modified from
Partridge et al (1976) were defined fo//owing, quivering, rising, and spawning.

Fol/lowing is a persistent orientation of the male towards the female. usually with hig



head positioned aganst the female s ovipore: it often nvolves rapid pursuit of ttp farmala
and 1s interspersed with bouts of quiﬁer!;ﬁgg Quivering consists of rapid, lsterally
vibrating movements of the male s body :ﬁmn:t the side of ﬂ‘:fm- which bring the
tubercles of the operculum and pectoral fins into contact with her side and belly Rising
and spawning behaviours are initisted by the receptive femasle. who approaches the
floating vegetation in a characteristic head—up posture. If the male accompanies her. then

sides and describe an arc through the water. with the male always positioned on the
mside of the curve undernesth the fgprale At the pesk of the arc. a vigorous flip of
their tails coincides with egg and miht release, although the ralaﬁse of the latter cannot
easily bg sesn During the spawn/ng of an unovulated. PG-mjected female. aggs are. of
course not Fsad
Lesioning Procedure

Elactrodes, made of size O \nsect ping insulated to within 05%0.6 mm of the tip:
were steractaxicsily postioned in various maedial nuclei of the ventral telencephalon or
preaoptic sres. us:ﬁg the method described by Pater and %m (1975) Brain lasions were
made with a Grass radiofrequency lesion—maker, model L.Md set st 90 (exp 2.1) or 85
(exp. 2.2) voits for 30 sec Sham lesions were produced in an identical manner, except
that no current was apphed to the slectrode Sham operations consisted of exposure of
the brain surface without placement of the slectrode. All surgery was done under 0 1%
tricane methanesulfonate anesthesia Animals were uagﬁtifieé by a numbered tag attached
to the operculum #u average weights (mean + SE) were 28.7 2 0.7 g for fish in axp.
218and 362 + 14 g for those inaxp 22
Tissus Samples

At the end of each experment, fish were anesthetized and killed; brains were
removed for histological snalyses and testes for determination of the gonadosomatic
index (GSI=gonad weight x 100/total body weight) Brains were fixed in Bouin's solution,
embedded in paraffin, sectioned at a thickness of 7 um. stained with paraidehyde fuchsin,
and counterstained with acid ;uchsiﬁ, Pt:nic'gﬂ; xylidine, and fast—green. The perimeter of
the lesioned area for each fish was drawn on a reference series of cross-sections! brain

outiines taken from the atias of Peter and Gill (1975) The percentage of the nuclesr
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volume destroyed was estimated by caiculating the ratio of the isioned area within a
ss’pceaﬁ: nucleus to the total area occupied by that nucleus on the raference serias of
bran outhnhes

Exp. 2.1 - Forsbrain Lesions

One or two days after ther preoperative behavioural test. sexually active male

goidfish were assigned to one of three traatment categorias brain lesion, sham lesion, or
sham operation. and the appropriate SUTQeTY was p-arfc:rm A total of five different
electrode locations were used. two in the preoptic area and three in the ventral teien-
cephaloh The fish were retested for spawning behaviour five days postoperatively snd
killed two days later for removal of brains and testes Tris protocol was followed for 8
groups of 10-15 fish. from October until early Febrlary Each group included lesion and
sham treatments for two of the five electrode locations. and sach siectrode k:x:man wWas
repested across two or threa groups to iINCresse thé sample size. Data from any animal
whose lesion either failed to be formed or was excesgively large or misplaced were
excluded from subsequent snaiyses The final sample sizes were 38 brain lesioned, 34
sham lesioned. and 10 sham operated male goldfigh

Exp. 2.2 - Lesions in the Supracommissural Talencephalion

To test the hypothesis. gaﬁaratéd by exp 2.1 that an ntact SUpracofTrrissural

telencephalon (Vs-pVv) is requred for the normal axpression of maie spawning
- behaviour in goldfish, sexuaily active males were either brain lesioned (n=21) or sham
lesioned (n=10) in this area Disturbance of the gnterior commissuwre and secondary
damage to the dorsal telencephalon were avoided by the use of modified electrode
coordinates snd a lower Issioning voltage (65v), as compared to oxp 2.1 (90v). The fish
were retested for spawning behaviour 1. 2, 3. 4, and 7 weeks postoperatively, although
not all animals were tested on weeks 4 and 7. this gave a total of 135 snimal-tests
After the final behavioural test for each group. the animals were killed and the brains and
testes removed Data from any fish that became ill during the course of the experiment

were excluded This experiment axtended from Jarwary to April.



C. RESULTS
Exp. 2.1 - Forebrsin Lesions

From the results of their postoperative behavioural test, all but one fish could be
readily assigned to esither "spawning” or ‘nonresponding” categories. as they either
displsyed the full sequence of courtship and SpaWNINg activity, or :fiil!’ﬂ to respond to
the stimulus female The exception. a sham lesioned male that dcispiayed vigorous
courtship behaviour but faled to rise or spawn, was placed in the "spawring’ category

/Exposuro to a stmulus spawning par during the last 30 min of the test induced Spawning
£ nonly two previously unresponsive animals

The effect of bran lesions on the ratio of spawningnonresponding males was
examined m two ways. In the sfirst analysis. animais were grouped together if it least
25% of the volume of a particular nucleus was destroyed. although the lesions need not
have destroyed a similar region within that nucleus. |f a lesion destroyed at least 25% of
two (or more) nuclei, then that fish was iss:gn:d to two (or more) groups For each
nucleus, the spawningnonresponding ratio for bran lesioned males wWas compared to that
ratio for the appropriate sham lesioned graup (Fisher s exact test one-tailed) As shown
in Fig. 2.1, lesions in the area ventralis te/encephali pars ventralis (Vv p=0002) or the
area ventralis telencephale pars supracommissurslis (Vs p=0.07) reduced the
percentage of spawring males, whu}, lesions in the area ventralis te/encephali pars
postcommissuralis (Np), nucleus preopticus periventricularis NPP). or nucleus
preopticus (NPO) had no effect The percentages for the sham operated and sham
-lesioned groups were not different

A second analysis was done to localize the effective area more precisely within
the nuclei and to incorporate data from snimals with lesions destroying less than 25% of
any nucleus. In this case, a grid was superimposed upon a near—midsagittal outine of the
goldfish forebrain, with sach grid—unit representing a 53x53 um square of tissue along
the sagittal plane. For each grndxmfﬁwe ratio c}‘ spawningnornresponding males was
caiculsted for the group of fish containing lesiond in that area and tested aganst the
spawningnonresponding ratic of the sham Qﬁir;tid controls (Fi:hér‘g exact tast
one-tailed). In this way, probability values for the equality of the two ratios wers
generated across the forebrain grid The results (Fig 2.2) show that lesions in the Vs and
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only the posterior portion of the Vv (pVv) significantly reduced the number of maies
" WA ': g

Sexually active bran lesioned and sham lesioned fish of any nuclesr category did
not differ in either the latency to the onset of fo//owing or the intervals between
following md the three other behaviours. Furthermore. aithough this was not
experimentally tested. lesioned males did not appesr to differ obviously from sham
lesioned or sham opersted males n other aspects of therr behaviowr, such as feeding.
startle rasponse. and general swimming activity

same experimental group. GS! values within and between nuciear categories could not be
maaningfully compared However there was no difference batween the GSis of
spawning and nofresponding males within sach experimental group For the sexually
active animals. there was no correlation between GS! and the latency to any activity

A problem in the interpretation of this experiment is that secondary damage to
the dorsal telencephasion or interruption of fibres of the anterior commissure that
observed behavioural deficiencies This problem was crrcumvented by the procedural
changes of exp 2.2.
Exp. 2.2 - Lesions In the Supracommissural Telencephalon

. As in axp. 2.1, most of the behavicursl tests (122/135) of the lesioned and sham

lesioned fish could be readily assigned to either “spawning’ ar "nonresponding”
categorist. Of the 13 tests where animais showed partial responsivenass, thers were 9
designated as “courting only”, where only fo//owing and quivering occurred. and 4
designated as "‘nonresponding’, whcr; only fragmentary fo//owing was seen. such as that
which often occurs in a nonsexual contaxt

Fig 2.3 shows thst there was a reduction lasting 3 weeks in the proportion of
lesioned males showing at least fo//owing and quivering snd 8 4 week reduction in the
x proportion of those showing the complete spawning sequence, ,i; compared to sham
lesiohed controls Fisher's exact test, one—tailed. p<0 05). On the ii'\fiﬁﬂ‘\‘wﬂ, these

two proportions sre neither statistically different from the sham valus for that week or
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Fig. 2.1. Porcoﬁt?: of male goidfish spawrung that were either sham operated in=10),
sham lesioned (n=34), or lesioned (N=27) in various brain nucier (n) - number of figh with
2.25% of the nucleus destroyed p - calcuisted by Fisher's exact test one—tailed, only
significant valuss shown I*Pé = nucleus preopticus, NPP - nuc/eus preopticus peri-
vemriculeris. Np — arsa vertralis te/encephal// pers postcornmissuralis. Vs — area
verntralis te/encephali pars supracommissuralis v ~ araa ventralis te/encephal/ pers
vertralis
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Fig. 22 Parasagittal outiine of the goldfish bran 50 um lateral to the midline. numbers
above the drawing refer to the stias of Peter and Gill (19751 Shading ndicstes bran
areas that when lesionad. have oqual probabiliites of reducing the proportion of
spawning nales relstive to sham operasted controls. as caiculsted by Fisher's exact test,
one-tmied Anslysis based off 38 lesioned and 10 sham opersted males  AC - anterior
commissura, NA;v = nuc/eus amerioris perivemricularis: ON - optic nerve. Vd - aree
ventral/s te/encephal/ pars dorsalis. other sbbreviations sz in previous fipure




the lesionad values for previous weeks

Fish were not always consistent in thewr behaviour from test to test. of the 21
lesioned anmais. 6 failed to spawn on any test. 3 spawnad on every test and the
- remaning 12 spawned on some tests but not others In Fig 24, the percentage of tests
in which an individual performed the complete spawning sequence is-plotied aganst the
volume of the target "araa lesioned (Vs-pVv, as defined in Fig 2.2) sham lesioned animals
were ncluded as those h-\nng 0% volume of this ares destroyed A ﬁigntmi correlation
(Spearman s rank correlation. one-tailed, p<0.001) was found between the volume of the
ngﬁyv iél?ﬂs@ﬁéﬂ and spawning consistency The lesion locations of the most
severely impaired ammais. those which failled to spawn on all or all but one of therr tests,
are shown in Fig 25 and can be seen to involve the supracommissural portion of the
ventral telancephiion that contains the Vs postarior Vv, and adjacent parts of the area
ventralis *elencephali pars dorsalis (Nd). Fig 26 15 s phctmlcrag'ph of a lasion that
destroyed most of the Vs and parts of the pVv The less severely impared fish generally
had smaller or dorsally displaced Iasnc:;né, which resulted in lags destruction of the target
area

As in exp. 2.1, tha latency to the onset of foFow/ng and the imterval between
following and quivering, rising, or spawning were not cifferent between sexuslly
responding lesionsd and sham lesioned fish on any week. The GS| values were siso
unaffected by brain lesioning, being (mean * SE) 356 £ 0.38 for the lesioned fish and
352 + 0.80 for the shams. 1

D. BISQ‘JSSIDH

-Exp 21 examined the effects of lesions placed in various medial ventral
telencephalic and preoptic nuclei on the spawning behaviour of male goldfish Two
separate criteria were used to assign fish to lesion treatment groups: similarity of the

nucleus into which the lesion fell. which assumes functional mifgrrnity" within a nucleus

Fig. 2.1) and swnilerity of position, which is jidependent of any snatormically defined
boundaries Fig. 2.2) The former analysis found that only lesions in the Vv or Vs reduced

the proportion of spawning males. while the Istter identified just the supracommissural

portion of the ventral telencephasion (Vs-pVv), an srea known to concentrate ‘H estradiol
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Fig. 2.3. Perc_ontag_e of sham lesioned (S) or Vs-posterior Vv Ns;;sw) lesionad I} male
goldfish showing either the complete spéwning sequence or only courtship behaviour, st
wnktl:_'nrgorvals after surgery. (n) - sample size p - calculsted by Fisher's exact test,
one-—taile
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Fig. 2.4. Correlstion between the percentage
the voiume of the Vs—pVv area dastroyed
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cross-section is 0.2 mm. numbers above each drawing refer to standard bran outlines
adapted from the atlas of Peter and Gill (1975) OC - optic chiasma. Vi - area ventralis
telencephali pars Isteralis other abbraviations as in previous figures

*2.0




Fig. 2.6. Photomicrograph taken at the anterior—posterior coordinate of approximataly
+16 (Pater and Gill. 1975) of a supracommissural lesion In the goldfish telencephalon
Arrows indicate the lesion site Dm - ares dorsalis te/encephali pars medialis other

V4

abbreviations as in previous figures
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n goldfish (Kim et al. 1978a). as the effective region

The lack of effect of preoptic lesions does not negate a role for this site in
spawning behaviour No lesion of the NPP or NPO destroyed more than half of the
nucleus, perhaps larger iesions would have had an effect Few of these lesions
overiapped the same space cresting small sample sizes in the preoptc grid—squaras
used to caiculate Fig 22 and therefore. a high chance of accepting a faise null
hypothesis Similarly. if the assumption betind Fig 21 wniformity of nuclesr function)
was not met, then the apparent inaffactiveness of NPP or NPO iasua;vs may be becsuse
the appropriate subregion within the nucieus was rarely destroyed Howaver mdirect
support for the assumption of functional uniformity i1s provided by the observations that
the effects of lesions on the spawning reflex of killifish Macey et al, 19748) or the
matng behaviour of male rats (Larsson, 1979) could not be attributed to the destruction
of I!:ty particular subregion of the preoptic nucleus It may be as Demski and Hornby
(1982) have suggested, thst the preoptic area controls the reflexive aspacts of
spawning, such as sperm release, while the supracommissural telencephsion is involved in
mediating sexual arousal In contrast to this suggestion, preoptic lesions in saimon
impaired sexual arousal (as measured by the occurrence of quivering) without affecting
‘o gasm (Satou et al, 1980), :ndﬁ%eaptnf: stimulation of ranbow trout (Sa/mo gairdner/)
faied to evoke sperm reiease (Demski and Hornby. 1982) This suggests that the
Saimonidae may differ from goldfish in the function of the preoptic area in raproductiva
behaviour

In exp. 2.2, Vs-pVv lesions reduced the proportion of fish spawning for at least
four weeks postoperstively The negative correlation between consistency of spawning
and lesion size and the fact that even relatively small iesion volumes resulted in fish with
smwmﬁé behaviour deficiencies suggests that the supracommissural portion of the
telencephalon is a critical area for spawning regulation. There may have been some
behavioural recovery on week 7. although the smaller size of the sham lesion group on
wesks 4 and 7 makes such a conciusion tentstive Behaviours! recovery may be
contingent upon neuronal reconstruction or functional alterations in the remaning tissue
Kassel and Davis, 1977) In goldfish, ablated portions of the telencephalon do not

regenerate, although some tracts are restored following stab wounds (Bernstein, 1967)



Ths study does not provide any nformation regarding the mechanism of action
of Vs-pVv lesions in blockng spawning behaviour. Gonadosomatic indéx maasurements
indicated that some factor other than testicular condition accounted for the differsncaes
in behaviowr between brain lesioned and sham lesioned or sham opersted fish. atthough
testes weight may not have refiected changes in androgen or gonadotropin levels It s
also uniikely that the lasions destroyed the motgr capabilities for spawring, as two—thigds
of the lasioned malas in exp 2.2 performed all components of spawmng bshaviour on at
laast one of therr weaekly tests Tha finding that either the full sequence or completa
absence of the spawning sequence was seen for the majority of bsnangé srwmals.
suggests that the lesions resulted in a faiure to mnitiate courtship. perhaps by causing a
lowered arousal for general activity or specifically for reproductive bshaviour and its
activating stimuli.

Aronson and Kaplan (1968} and Aronson (1970} proposad that the teleost telen-
c;aphilan functions as a nonspecific arouser of behaviour organized sisewhere in the
brain. While this hypothasis may account for many of the beshavioursl deficiencies of
telencephaion ablated fish, it domg not predict thst dif ferential decrements in various
reproductive bgmv:ais would occur (Segaar and Nieuwenhuys, 1963; Ribbink, 1972) or
that some social behaviours would be unimpared foliowing telencephaion abiation
(Aronson, 1948, Kamrin and Aronson, 1954, Kassel and Davis. 1977) Aithough no
nonsexual behaviours were maasered in our study, the fact that the latency parameters
for courtship and spawning recorded during the 90 min test were not different batween
responding lesioned males and controls suggests that mgéﬁmssu—-o telencephatic
lesions disrupted spawning behaviour specifically, rather than depressing the general
activity seen under thase experimental conditions (but see Chapt |l

Telencephaiic lasions may interfere with spawning behaviour by impairing the
perception of sexual cues For example, telencephaion sbisted male cichlids
(Hermnihaplochromis philander) wers unable to visuslly cistinguish between males and
females (Ribbink, 1972), !ﬁd,v although esrlier axperiments failed to find any components
of spawning behaviour in telencephaion ablated male paradise fish (Davis et al, 1976
Kassel ot al, 1976, Schwagmeyer et al. 1977). some of these activities were seen in

later studhes that used females showing a higher intensity of prespawning behaviour
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towards the male (Kassel and Davis. 1977) in the goldfish. where anosmia results m a
marked decrease in male saxusl behaviour, it Is thought that a pheromone releasad by
, Ovulated females acts as an Mportant stimulant for male courtship (Partridge et al, 1976)
Also, olfactory tract section reduced male courtship of unovulated, PG-treatad fermales,
suggesting that PG-trestment renders a fish sexuslly sttractive by mnducing the
sppropriste odor., as well as the behaviowr (NE Stacey and AL Kyle unpublished
results) Since reciprocal connactions axist batween the oifactory bulbs and ventral
telencephaion in goldfish (Oka 1980) supracommissurasl telencephalic lesions may have
raduced male courtship of PG-traated females by disruptmg the processng and relaying
of critical olfactory lﬁf:@"mﬂiﬂﬁ in this regard. the supracommissural telencephalon may ;
be anaiogous to the medial portion of the corticomadual amygdala of rodents. which i1s an
androgen-binding bramn area that receives input from the vomeronasal organ via the
(Scalia snd Wirans, 1975) In hamsters, perception of sexusl chemosensory nformation
and performance of male saxuasl behaviour dapends upon the intaegrity of this system, as
vomeronasal deafferentiation (Powers and Winans, 1975) or lesions of the medial
amygdsioid nucleus (Lehman et al . 1980) resuited in severe mating deficiencies.

The Vs-pVv of tglmi:éts 1s usually regarded as a septal. rather than an.amygdsioid
homoiogue. although the location proposed for the latter varies with the species and the
rasaarcher (Droogleever Fortuyn, 1961, Nisuwenhuys, 1967, Northcutt and Braford
1980) and the situation in goldfish has not besn addressed specifically If lesions in the
Vs-p\{v reduce male sexusl behaviour of goldfish by reducing olfactory input, then it
would be reasonable to propose a homology between all or part of the Va—pVv and the
corticomadial amygdala ~

While disruption of olfsctory processing may have contributed to the spawning
impairmant seen after brain lesioning, we also propose that the supracommissural telen-
cephalon (Vs-pVv) has a more camplg‘x function than simply raljyiﬁéf olfactory
information For example. whereas PG—induced spawning behaviour in female goidfish is
relatively unaffected by olfactory tract saction, Vs-pVv lasions rgd;;ggd sexual behaviour
in females (AL Kyls and NE Stacey unpublished resuits) as well as in malas This

demonstrates that the Vs—pVv plays an important role in the spawning behaviour of both
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saxes. even though only the behaviour of the mals 15 heavily dependent upon oifactory



ll. VENTRAL TELENCEPHALIC LESIONS: EFFECTS ON BISEXUAL BEHAVIOUR,
ACTIVITY, AND OLFACTION IN THE MALE GOLDFISH

A. INTRODUCTION
ARlthough a large body of literature 1s devoted to describing the behavioural

consequences of telencephalic ablation in fish little is known about the mnfluence of

anterior to the amterior comwrussure the area ventralis telencephali pars supra-
commissuralis and posterior part of the area ventralis telencephali pars ventraiis
(Vs—pVw. severely mpair male spawning behaviowr (Chapt i), however the way in which
these lestons produce this behavioural deficiency is unknown.

Since the Vs-pVv concentrates sex steroids (Kim et al, 1978a) and male goidfish
spawning behaviowr i1s steroid-dependent (Chapt V). this region rn-y be mportant in the
control of male sexual behaviour Vs-pVv lesions may interfere with the perception and
processing of faiev:nt sexual cues and/or the output of information to other brain areas
mvolved in the execution of behaviour In particular. these lesions may interfers with the
perception of olfactory cues. probably in the form of pheromones released by receptive
females (Partridge et al. 1976). as portions of the ventral telencephaion have reciprocsl
connections with the olfactory bulbs (Oka, 1980) and section of the olfactory tracts also
impairs sexual behaviour in male goldfish (Partridge et &t 1976, NE Stacey and AL
Kyle, unpublished results). Alternatively, Vs-pVv lesions may function in a less specific
manrner, by reducing responsiveness in a social or general context Ablation of the entire
talmgphdéﬁ imﬁr; the performance of such speces—specific behaviours as
aggression, nest building, courtship, spawning. and parental care (de Bruin, 1980, Laming
and McKee, 1981), as well as some aspects of general activity and learning (Flood et al.,
1976, Savage. 1980) A satisfactory hypothesis has yet to be proposed that will account

for thus syndrome (Ssvage. 1980). however, even relstivaly restricted lesions of the

This study attempted to discover the way in which lasions of the Vs—pVv result in

decreased maie sexfial behaviour by measuring other behavioural parameters in lesioned

22
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male goidfish The question of whether Vs—pVv lesions are specific in disturbing only
one type of social interaction was sddressed by examining both male and female sexual
behaviowr in the same individual: qualitatively normal famale bshaviour can be mduced in
males by prostaglandin F,sipha (PG) trestment (Stacey. 1981 The possibiity that failure
to show sexusl responsiveness is correlated with abnormal activity or imparred olfactory
perception aiso was examined Finally, testes weights and serum gonadotropin levels
were measursd (o determme whether the lesions act by disrupting the hypo-

s
thalamo~-pituitary—gonadal axis

B. METHODS
Animais snd Maintenance

Fifty male goldfish. with tubercies on the pectoral fins and operculum and
expressible milt. were selected from stocks obtained from tha Grassyforks Fisheries
Co. Inc., Martinsville. Indiana, housed in two 225 litre flowing-water tanks at 20°C under -
a natural simuiated (Edmonton) photoperiod. and fed twice daily with commercial food
Ewos peilets) Fish were kept under these conditions one month before and between
the behavioural tests (June and July) but were not fed for five days prior to the food
odor tests. »
Day O - Brain Lesions

Fish were anesthetized in a oicig solution of 2-phenoxyethano! (Syndel) and
lesioned in the Vs+~pVv using the method of Peter and Gill (1975) A 0.3'mm dismeter
electrode, insulsted to within 0.5 mm of the tip, was positioned at coordinates + 14 M. D
1.2 and a radiofrequency current of 70 voits was spplied for 30 sec using a Grass lesion
maker, model LM4. Sham lesions were produced in sn identical manner, except that no
current was applied to the electrode Stitci:hgs were removed on day 10 . |
Day 11 - Maie Behaviour Tests -, -

All.sexual behaviour tests were done in 65 litre glass observation aqusris that
contained coarse aquarium gravel, subssnd filters, and floating, artificial plants. Esoh
aquarium was ‘painted on three sides. illuminated with a single fluorescent fixture
mounted 20 cm sbove the water surface, and arranged in a derkened, quiet room. Prior
to the testing of the experimental males, receptivity was inchaad in stimulus females by



the mtramusculer (im) mjection of PG at 200 ng/g body werght  (Stacey. 1976. Stacey
and Peter. 1979) and verified by checking that each female spawned with a sexuslly

active "stud” male The stud Fn;l;s then were removed, experimental males were added-
mdividually to fhi observation aquaria, and the amount of time that each male spent
courting or spawning was recorded with a Rustrak event recorder for 60 min A
description of male goldfish courtship and spawring behaviour is given sisewhere (Chapt
n. -
Day 15 - Female Behaviour Tests

PG treatment can also induce males to perform female spawning behaviour that is
essentially indistinguishable from that performed by females. with maimum activity
occurring about 45 min after injection (Stacey. 1981) A female spawning act is mitiated
with a rise into the floating vegetation. Accompamned by the maie the fish performing
the fermale role (either a female or a PG-treated maie) turns on 1ts side and swims an
arc-like path ttwough the water, always positioned on the outside of the arc m\k tha
male. Ovulated eggs. if present. are released simultaneocusly with a fiip of the tail at the
arc apex.

On day 13 pars of mature male golidfish were moved into the observation
aquaria and a PG-injected female was added to each aquarium on the morning of day 15
The fermale and one of the two males were later removed, retaining the more sexually
sctive male for use as a stud Each experimental male was added individually to the
observation aquarium one hour after the im injection of 250 ng PG/g body weight, and
fernale spawning acts were recorded for 60 min
Day 18 - Activity snd Food Odor Perception Tests

in preparation for this test, food was withheid from day 13 A random subset of
sham lesioned fish and those Vs-pVv lesionad fish that failed to respond on both their
male and female sexual behaviour tests were placed individually in 65 litre glass aquaria
on the evening of day 17 These aquaria were similar to the sexusl behaviour
observation aqusria, except that the non-opaque side was curtained and grid lines were
drawn on the glass; a small flap cut in the curtsin could be raised for observations. For
the first 10 min of the test, the number of grid-lines crossed and spontaneocus bites st

the gravel substrate waere recorded for each fish Then, 0.5 mi of a 2% aquecus solution
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of “Tetramin” brand fish food was added into the tank vis a 1 cc syringe fitted with a 15
cm length of polysthylene tubing. in most cases. this couid be done without disturbing the
test fish This food extract had been prepared previously by grinding Tetramin fiskes in
distilied water into a slurryy with a mortar and pestie, centrifuging the siurry. and freezing
the supernatant for later‘use immediately after the introduction of the food extract into
the aquarium. the number of times that the test fish mouthed the substrate was recorded
for a further 10 min  Sham and bramn lesioned males were tested alternately throughout
the day to mask any possible daily activity rhythms. '

Day 19 - Biood and Tissue Samples

Fish were anesthetized and bled via puncture of the caudal vascuiature in the
afternoon After ciotting on ice. the biood was éentrifugod st 5°C. and the serum was
collected. quick-frozen, and stored at -28°C. Serum GtH levels were determined by
raciloimmunoassay (Crim et al, 1376 Hontela and Peter. 1978. 1980).

While still under anesthesia. animals were killed by decapitstion, and the brains and
testes were removed Gonadosomatic indexes were calculated by the formuls
(GSi=gonad weight x 100/total body weight. Brains were fixed in Bouin's solution,
embedded in paraffin, sectioned at a thickness of 7 um. stained with paraidehyde fuchsin,
and counter stained with acid fuchsin, Ponceau xylidine, and fast-green. The perimeter of
the lesioned srea for each animal was drawn on a reference series of cross-sectional
" brain outiines taken from the atlas of Peter and Gill (1975). Estimates were made of both
the total size of each lesion and the volume of the Vs—pVv destroyed.

C. RESWLTS

As was seen in previous work (Chapt Il lesions that were placed too far
ventrally interrupted the anterior commissure and adjacent vasculsture and caused
degeneration of other areas of the telencephsion. Iin the foliowing anslyses, only animals
with 'I’osions within the Vs-pVv srea and with no obvious telencephalic degeneration are
considered. These lesion positions are given in Fig 3.1 and can be seen to encompass
most of the Vs-pVv and extend dorsally into the area ventralis te{encephal/i pars
dorsalis. Lesions destroyed an average of 30% (5-80% range) of the Vs~pVv area
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Fig. 3.1. Extent of telencephsiic lesions m male goidfish. n=17 The distance between
each cross-section is 0.2 mm, numbers above each drawnmg refer to standard brain
outiines adapted from tha stlas of Peter and Gill (1975) AC - anterior comrmussure, NPO
-~ nucleus preopticus. NPP = nucl/eus preopticus periventricular:s. OC =~ optic chiasma
ON - optic nerve. Vd — srea vemral/is te/encephal/i pars dorsal:s V| = sres ventraits
te/encephali pars /seralis. Vp - ares veniralis telencephali pars postcommissuralis
Vs - area ventralis teiencephali pars supracominissuralis, Vv - area ventralis
te/encephali pars vemtralis
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Maie Behaviowr

Vs-pVv lesions were effective in reducing the number of fish spawning (Table
3.1. p<0.001. Fisher's exact test. one—taied) and the total time spent courting Fig 3.2,
p<0.001. Mann-Whitney U test). as compared to the sham trestment Fig 3.2 aiso shows
that the amount of time thst the sham fish spent courting ncreased over the 60 min
observation period This was due to both the increase in the number of animals initiating
courtship. which occurred mamly in the first 30 min, snd the increase In the courtship
time scored for each individual About half of the lesioned fish showed some courtship
activity Like the sham males this activity was initisted within 30 min, but, unike the sham
males, the individual courtship times did not increase during tha tast Neither the total
lesion size nor the volume of the Vs—pVv area destroyed differed between courting and
the nonresponding fish
Female Behaviour

Hatf of the sham males, but only one of the Tosnéﬁid males, showed female
spawning behaviour when injected with PG (Table 3.1, p<0.01, Fisher's exact test
one-tailed) The totsl number of femaie spawning acts for this lesioned fish (7/60 min)
was bélow the range for the sham animals (B-28/60 min. Any fish. whether sham or
lesioned. that responded as a female also had responded as a male on day 11
Activity 7

The iesioned males used in this test had failed to respond on both the male ;‘ld
female behaviour tests and siso were noticeably less active when isolated than were the
sham malgs tested (Table 3.1, p=0.02, Mann—Whitney U test, two—tailed). Typically, sham
fish constantly “fluttered” Up and down one side of the aquarium, while lesioned snimals
tended to intersperse bouts of slow swimming throughout the tank with periods of
inactivity. All animals appeared heaithy and aiert, with the fins held erect and away from
the sides of the body.
Food Odor Perception

Within 5 sec of odorant addition, most fish responded with an “alert” posture, a
spreading of the fins and momentary cessstion of movement This was followed by
rapid swimming over the bottom of the tsnk and mouthing of gravel particles. Although
the number of bites performed after odor addition varied considerably between

~/
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Fig. 3.2. Amount of time that sham or Vs—pVv lesioned male goldfish spent courting a
femsle. The means for each 10 min nterval are shown on the graph and the histogram
gives the medians and ranges for the entire 60 min test P — caiculated by Mann—-Whitney
U test. one-tailed )
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Table 3.1. Effects of Vs—pVv lesions on various physical and behavioural parameters in
male goldfish

- B - . SHAMS LESIONS P
Sample size 7 18 ) 17 o
Gsi® 316 £ 0.33 306t o026 ns
GtH (ng/mN° 1417 1 50 1318 * 1.19 ns
% spawning as males Y] 18 p<0.001"*
% spawning as females 50 ] p=<0 01*
Sample size 12 8
Activity(squares crossed)® 156 (15-385) 25 (0-127) p=0.02"7
% responding to food odor 75 e3 ns *
¢ mean * S E 7 t-test, 2-tailed
¢ median (range) *® Fisher's exact test, 1-tailed

Y Mann-Whitney U test, 2-tailed




mdividuals. the temporary increase of activity and mouthing of the grave! clearly indicated
that the food odor had been perceived. Neither the proportion of fish responding to the
food odor (Table 3 1. Fisher's exact test. one-tailed) nor the number of pre- or
post-odorant bites (two—-tailed t-test) differed between sham and lesioned groups.
GSI! and Gonadotropin

Neither the GSI values nor the plasma GtH concentrations diffefed batween the
sham and Vs—-pVv lesioned mailes (Table 3 1. t—test two-tailed) Body weights measured

at the end of the experiment aiso were not different

D. DISCUSSION

The resutts of this study support the previous finding that iesions of the supra-
commissural telencephalon (Vs-pVv, an area including the ares ngrrralis te/encephali
pars supracommissuralis, the posterior portion of the area ventralis te/encephali pars
ventralis. and the adjacent posterio-ventral area ventralis telencephali pars dorsalis
reduce maie spawning behaviour in the goldfish (Kyle and Peter. 1978: Chapt 1) and
provide information regarding the way in which these lesions might be exerting their
behavioural effect 7

Both the present and previous studies produced lesions that destroyed a sirnil;
voiume (about 30%) of the Vs—pVv inc; found a similar proportion (sbout 50%) of
lesioned males initiating courtship one week postoperatively. However, in the previous
study, almost ail of the lesioned males that courted females eventuslly spawned, while in
the present work, only about one~third of the lesioned, courting males spawned It is
unlikely that the longer test time used in the earlier work (30 vs. 60 min) accounted for
this difference per se, as simost all the courting males spawnad within one hour.
However, the maies of the earlier study had been given a preoperative saxual behaviour
test, whereas the males in the present work were not given prior exposure to the test
situation. Possibly this prior experience increased the liklihcod of spawning in the males
of the first study.

A loss of olfactory function Mas-been suggested as a mechanism by which

—

Vs\-b\Q/ lesions might depress male sexual behaviour (Introduction, Chapt Il The
olfactorylwy of lesioned fish was assessed by observing the occurrence of

\
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feading behsviour evoked as a result of exposure to a food extract This is an
olfactory-dependent fesponse as it is reduced by plugging the olfactory pits (Grimm,
1960) or sectioning the olfactory tracts (Westerman and von Baumgarten, 1964, NE
Stacey. D Goulet, and AL Kyle, unpublished results) The proposed role of the telen—
cephaion in food extract-induced feeding is to process the olfactory informafion and
relay it to areas in the hypothalamus that organize the feeding movements (Peter, 1979
The response to a food odor was not mpared m Vs-pVv lesioned anrmals, although
further testing with ms:sr‘e dilute solutions of food extract may have revealed threshold
differences. however other information raises the question of whether other categories
of odorants. such as pheromones, can be perceived

The bilaterai olfactory tracts of goldfish each have medial (m.o.t) and tateral (lot)
subdivisions. Experiments involving section of either the mot or (ot revealed that the
reduced courtship seen in complately olfactory tract—sectionad males (Partridge et al,
1976; NE Stacey and AL Kyle, unpublished results) was dus to the loss of the mot
(NE Stacey and AL Kyle unpublishad results). As only the mot prap:tl 10 the supra-
commissural telencephaion of goldfish (Oks et al. 1982) Vs-pVv lesions may reduce u
male Sexual behaviour by disrupting the perception of pheromonal odors. In contrast,
both the mot and the Lot were nvolved in mediating the feeding response to a food
odor (NE Stacey. D Goulet, and AL Kyle unpublished results), indicating that Vs—-pVv
lasions would be uﬁlikély to completely impair food odor perception

The possibility that pheromonal perception may be /mpaired in Vs-pVv lesioned
males only explains the reduction of male behaviour. PG-induced female spawning
behaviour, which is not dependent upon olfactory input (NE. Stacey and AL Kyle, |
mpa.bhshsd rasults), is also reduced by Vs—pVv lesions in both males (Table 31) mﬂf
females (AL Kyle and NE Stacey. unpublished results), suggesting that thase lesions
depress general sexual performance. Almost no other information has been reported
concerning the central neural control of female spawning behaviour in fish. Noble (1936)
Gbsgrvgcf that the movements of egg laying and fertilization in cichlids depended upon
“part of the posterior tubercle”. a term that perhaps was intended to describe tha ventral
telencephalon and/or precptné area (de Bruin, 1980). In female goldfish, injection of PG

into the third ventricle of the bran was more effective than the same dose given
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peripherally (Stacey and Peter. 1979) Taken together, these results suggest that the
Vs-pVv is required for the induction of female saxual bshaviour by PG Whather the
same or different areas within the Vs—pVv control male versus female spawning
bgluvimr‘c;:nnc:t be determined from this study

Whaﬁ fish were temporarily isolated. less swimmng activity was seen iIn the
saxuslly mactive lasionad males asb comparad to the sham lesioned controls The "asrousal
hypothesis” suggests that the various behavioural daficiencies incurred after telen—
:Tbn ablation are caused by the loss of nonspecific facilitation of lower bran areas
(Aronson and Kaplan 1968) Thus. this hypothesis would attributa the reduction in maie
and female sexual behaviour and activity to a gensral disinchnation to respond to any
stnmulu;s Howevar the results of the present experiment and other studies show that ail
behaviour 1s not indiscriminantly reduced Feeding activity evoked n response to a food
odor was unaffected by Vs—pVv lesions. both in the number of snimals responding and in
the intensity of the response. As well. even in goldfish with total telencaphalic ablation,
simple measures of arousal, such as bradycardia in rasponse to a noval stimulus, and
certain types of learning are unimpaired (Laming and McKee, 1981, Savage, 1980) It s
not surprisng that the arousal hypothesis cammot account for these results, since it
considers tha telencephalon as a functionally homogenecus unit, a concept incompatible
with the morphological and biochemical regionalization of the teiencephalic substructure.

Male and female spawning behaviowr may be grouped together within the class of
"species—spacific’ or “social” behaviour. Although swimming activity i§ not usually
considered to be a social behaviour, it is highly dependent upon the social condition
under which 1t is observed For sxample, goldfish in groups showed a decresss in
oxygen consumption and activity (Schuett, 1934; Shiaifer, 1938) and isolated fish
reduced their activity when they were presented with thewr own murror image (Shisifer,
1939+ in our laboratory. isolated goldfish are typically hyperactive and become more
caim once placed with another fish (AL Kyle, unpublished observations). The decreased
activity of isolated Vs—pVv iasiaﬁsd fish, therefore, may be ,dugrta an insensitivity to
social stimuli (or the absence thereof) Whether the activity of Vs—pVv lesioned fish kept

in groups is similar to that of sham anirmals is not known
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If Vs—pVv lesions disrupted GtH Fag.nnery systems, then both sexual betaviour
and activity could ba affected in the goldfish, as sctivity (Hoar et al. 1955) and male
behaviour (Chapt V) are facilitated by androgens and the spawning response to PG

. treatment in females apparently requires prirmng by steroids (Stacey and Liley, 1974)

and/or GtH (Stacey. 19761 Some avidence suggests that the telsncephsion may play a
modulatory role in the reguiation of GtH sacretion talencephaion sbisted male paradise
fish (Macropodus opercularis) showed a significant decrease in GS! as well as in maie
sexual behaviour ﬂi.:ssgl et al. 1976) and gonadotropin releasing factor has been
demonstrated mmunobnstochemically m telencephatic sreas as well as n the hypo-
thaiamus (Goos and Murathanoglu. 1977, Minz et al. 1981} However, the prasent
finding that both GtH concentrations and G5Iis were similar in lesioned and control fish
suggests that mparment of the pituitary-gonadal axis is not a mechanism by which
Vs—pVv lesions cause therr behavioural effects

A number of paraliels suggest that the Vs-pVv of goidfish and the corticomadal
amygdala of mammals play a similar role in tha regulation of male sexual behaviour:
1 lesions in both areas cause deficiencies in male behaviour (Chapt 1l - goldfish; Lebman
ot 3, 1980 - hamsters)
2 both areas receive input from specific olfactory tracts (Oka et al. 1982 - goldfish;
Scaiia and Winans, 1975 - mammals), and section of these olfactory tracts results in
sexual behaviour deficiencies (NE. Stacey and AL Kyle. unpublished resuits - goldfish;
Powers and Winans, 1975 - hamsters), and

"Winans, 1981 - hamsters), a site also involved in male sexual behsviour in vertsbrates

(Kelly snd Pfaff, 1978 Demski and Hornby, 1982)
Can paralleis slso be found betweesn other beshavioural deficiencies caused by V;—-p\iu!i
lesions in goldfigsh and amygdaloid lesions (AL) in marryrals? The effect of AL on fgrﬁ;lg_’
sexusl behaviour is variable Lesions of the meadial Fﬂ;gdali blocked recaptivity in female
deermice without altering the estrous cycle Eleftheriou and Zolovick, 1966) in rats,
&artncc::msdial AL aslone had no effect on receptivity, aithough they did attenuate tha

1978 In other mammals receptivity remamned unchanged or increased after AL



Komisaruk, 1978). Similarly, different types of changes m locomotor activity following
AL are described (Gloor. 1960) with st least one study reporting 8 permanant decrease
in spontanecus activity (Anand and Brobeck. 1952) Olifactory discrimmation of anise and
food odors was retained in animals with bilateral AL (Swann, 1934 Allen. 194 1). although
the processing of pheromonal information is presumed to be a function of the cortico-
medial amygdala (Lehman at al. 1980) Thus while many similarities do exist between the
behaviour of Vs—-pVv laSnQﬁgc; goldfish and AL mammais the variable responses of the

Rather than gximmﬁg specific studies that utiize AL where the results lkely vary
with the species used tgstnﬁ§ paracigm. and portion of the amygdala destroyed a more
fruitful approach may be to consider the overall effects of AL on behaviour AL have
been described as causing a reduction of socal mteractions (King. 1972) a lowered
interest in the social signais sent by others of the same species (isaacson. 1974), and a
loss of a stimulus-anaiyzing system critical for the processing of salent cues that evoke
species-specific behaviour (Cormier, 1981) Thess descriptions could siso be appled to
the Vs—-pVv lesioned goldfish, and parsllel the suggestion that these lesions decrease the
sensitvity of the fish to social stimuli Whether or not such parsiiels suggest homology,
between part or all of the Vs—-pVv and the mammalian amygdaia. ansiogies drawn
betweaen the ventral talencephalon of fish and the imbic system of mammals may provide

a framework to assist the construction of meaningful hypothesss.



IV. EFFECTS OF SYSTEMICALLY OR CENTRALLY ADMINISTERED STEROIDS OR
ANTISTEROIDS ON SPAWNING BEHAVIOUR IN THE MALE GOLDFISH: PRELIMINARY
STUDIES

A. INTRODUCTION
Successful reproduction invoives sequential synchronization of gonad maturstion
Bhd sexusi bshaviour with those conditions appropriste for breeding I most male
vertebrates synchrony between physiologiesl and behavioursl rasdiness for raproduction
IS mantained by testicular androgens. which are tasken up by specific central nervous
sites that control sexual behaviour in fishes the results of most castration and/or
replacement therapy studses also indicate that gonadal androgen is the primary hormonal
faciitator of male behaviour (Fernaid, 1976 Johns and Liley, 1970 Lilay, 1969. Reinboth,
1972:; Villars and Davis, 1977), afthough the site of action 1s unknown The present study
examined the eff‘ects of systemically and centrally adrministered steroids or ﬁt};tamnd
drugs upon the spawning behaviour of the male goldfish (Carassius mrg’;us) ‘;‘
There 1s iittle nformation regarding the behavioural sndocrinology of geéf:sh
Pituitary hormones appear not to be necessary for the exprassion of spawning
behaviour, as short-term hypophysectormized males were sexually active (Yamazrask:
1862) Also. methyl testosterone has been reported to nduce C:Du‘tl‘hlp behaviour
(Yamazaki, 1976). sithough there were no cantrals in that experiment and complete .
spawning behaviour could not be observed as the stmulus fish were urrecaptive.
Several sites in the teleost brain concentrate sex steroid hormones (Davis et al, 1977;
Demski. 1978; Kim et al. 1978a; Kim et al. 1979) and lesion of one of these sites, the
supracommissural telencephalon. blocked male spawning behaviour in goldfish (Kyle -and
» Peter. 1978; Chapts. Il and i, however, the behavioural effects of central steroid
administration have not been investigated
This study consisted of four p@*ts. The first !!pirimiwt axamined the effects of
'systomic testosterone administration on the sexusl behaviour of regressaed male goldfish
The second employed systemic injections to compare the effectivensss of testosterone
with some of its metabolites The third attempted to induce sexusl behaviour in

regressed males by the stereotaxic impisntation of testosterons peliets into the




)
supracommissural  telencephaion, the area ventralis te/encephali pers supre-
commissuralis and posterior area ventralis telencephali pars vemraliss(NVs—pVv)
Finaily, as an alternate approach, the fourth experiment exarmned the possible inhibitory

effect on the sexual behaviour of mature males of various antisteroid drugs implanted

nto several brain sreas

B. METHODS
Preparstion of Sexuslly Inactive Male Goldfish

Castration of male goldfish was ntially used m an attempt to produce sexusily
nactive animals. This techrique was later discarded due to the high mortairty, io:\g
recovery time. difficulty in removing aii the testicular tissue. and eventual testicular
regeneration, the iatter two problems siso have beenyencountered by others (Johns and |
Liey. 1970, Villars and Davis. 1977) Male goidfish sre reiatively reproductively
regressed from September to December. when the iowest androgen leveis (Schreck and
Hopwood. 1974} and gonadosomatic index values (GSi=gonad weight x 100/total body
waeight) (Billard and Breton, 1978) are f;>wd However a significant proportion of maies
obtaned in the winter from the Grassyfork Fisheries Co. Inc, Martinsville, indiana,
spawned and produced expressible milt when tested, making them unsuitable for this
study

in exps. 4.1, 4.2, and 4.3, the following procedure was adopted n an sttempt to
produce sexually inactive male goidfish Regressed males, those that had little or no
expressible milt and barely visible pectorsl tubercles. were separated from sutumn snd
winter stocks of goidfish and kept in 225 litre flowing—waster tanks, st 30°C. under 8 8 h
light and 16 h dark (BL 16D) photoperiod, and were fed sparingly twice per week. These
conditions were chosen to promote the regressed state, as a high temperature favours
the formation of inactive androgen glucuronide conjugates (Kime, 1980, Kime and
Saksena, 1980) and temporarily inhibits gsmetogenesis Billard et al, 1978), while short
photoperiods do not stimuiste the hypothaiamo—pituitary-gonadasl axis (Petor_aﬁd Hontela,
1978). After one to three months of tﬁis regimen, the fish were cooled to 20*C and
individuaily plsced in a 65 litre glass aquarium containing floating, artificial plants and a
pair of actively spawning goldfish The female of this spawning pair was made sexually
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receptive by the wm mjection of 200 ng prostagiandin F.alpha/g body waeight
(Stacey, 1976: Stlt:ly and Peter, 1973) Male goidfish that showed no courtship activity
cduring this 50 min pretest were FﬁD\in to 150 litre flowing-water tanks. with a
maximum of 25 fish/tank, st 20°C. 8L 16D. and the axp-rwnnt-l protocol was begun on
the next day. As will be described, this procedure for prc':-du:rﬁ-g saxually nactive male
goldfish was not entirely s:tisfaetéfy
Exp. 4.1 - Systemic Implants of Testosterone Pellets

As th; duration of steroid trestment needed to induce a behavioural change in
regressed goldfish was unknown a sustaned-reisase mode of _testosterone (T)
admirustration was chosen T pellets were made by drawing a moiten suépgﬁsoan of a 1.2
rato by weight of Thbeeswax nto the barrel of a | cc syringe Once cooled, the T wax
fxture was extruded in 0.5 cc volumes and cut into peliets weighing (mean + SE) 4897
* 117 mg. resufting in an average T content per peliet of 16.3 mg "Blank” peliets were
made from beeswax alone

Sexuslly inactive male goidfish, produced as described above were anasthetized
in a 0 1% solution of tricaine methanesulfonate and implanted intraperitoneally (.p) with
either two T or beeswax peliets, by insertmg the pallet through a small incision in the
body wall ﬂmﬂﬁn closed with a single suture. The fish weighed an average of 30.9
* 27 g and were identified by fin clips Animals ware given a 60 min spawring test, as
previously described (Chapt i), 2. 5 and 40 days after implantation and were killed for
GSI determinations and pellet recovery on the day after the last behavioural test Some
females were discovered at this time and were excluded from further malysis.  All figsh
remamnad in good health haum this experimant
Exp. 4.2 - Systemic Injection of Various Steroids

Male goidfish. selected as described sbove, were numbered with opercular tags
and injected i.p. with one of estradiol benzoste (EB). testosterone propionate (TP) or
11-ketotestosterone (11KT), at 7 ug/g body waeight, or the vehicle (V) of 0.5% gelatin in

V' physioiogical saline on aiternate days for a total of 4 injections (7 days). The steroid and

vehicle solutions were prepared by the method of Wiegand and Peter (1980) and were
kept frozen between injections Msies were given a 60 min spawning test one and seven
days following the last injection, and the occurrence of both courtship and spawning

N
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activity was recorded A description of m:o: goidfish courtshup and spawning behaviour
1S given eisewhere (Chapt II) GSI datmnaﬁs were made on the day following the
last behavioural test Because of the occurrence of bacterial disease and females
mustakenly identified as regressed males. the sampie sizes were reduced from 10 fish
per trestment to 7 V. 5 EB. 9 11KT. and € TP trested males. the average body waight
was 286 14 g

Exp. 4.3 - Brain Impilants of Testosterona Pellets -

Since exp 4 1 was more effective than that of exp 4.2 in Inducing male spawning
behaviour. T peliets were chosen for implantation mto the Vs—-pVv Pellets were made
from either a 1.2 by weight mixture of T-beeswax or from beeswax alone ["blank’ pellets)
and stereotaxically impianted as dis:rlbid by Billard and Peter (1977). using coordinates
of +1.5. M. D 0.8 Peter and Gill, 1975). These pellets weighed about 26 ug

Sexusily inactive maies were snesthetized, ndentified by fin clips, and implanted
with either a T or blank peliet into the Vs-p\Vv Fish were tested for spawnng behaviour
4. 9 and 20 days after impiantation and killed after the last behavioural test for GSI
determinations and removal of brains for histology. The fish remamed heaithy throughout
the experiment. however, due to a high proportion of females. aimost 50%. final sample
sizes were reduced to 6 fish for each trestment The average body weight of these fish
was 270+ 19g
Exp. 4.4 - Brain Implants of Antisteroid Drugs

Although the protocol described under ‘Preparation of sexually inactive male
goidfish” was followed, s proportion of the males in gxps 4 1-4.3 courted females on
subsequent spawning tests, making comparisons between steroid and blank or vehicle
trested groups difficult In this experiment, the reverse spproach was :ﬁmigé of
inhibiting the spawning behaviour in mature males by the use of antisteroid drugs. Drugs
used were the antiandrogens cyproterone (Schering AG, Berlinl, cyproterone acetate
(Schering AG, Berlin), and fiutamide (Schering Corp.. Bloomfield), and the antiestrogens
enciomiphens citrate (Merrell National Labs., Cincinnati), nitromifene citrate Parke, Davis
and Co,, Deﬁoit), and tamoxifen (Stusrt Pharmaceuticals, Wilmington). Most peliets were
8 30% by weight mixture of drug and cocoa butter, prepared as previously described
(Billard and Peter, 1977), with “blank” peliets consisting of cocoa butter alons. Some

.
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peilets contaned 100% drug or cholesterol (blank). these were made by tamping the drug
directly mto the pellet hoider The pellet hoider was stereotaxically inserted into various
regions of the brain using the following coordinstes: optic tectum (OT). +0.2. L 1.0, D 0.2;
nucleus preopticus NPQ), +1.0, M. D 16, and the Vs—pVv, +14, M, D 0.9 (Peter and Gill,
1975)

Matire male goidfish, kept st 20°C and under a simulated natural Edmonton)
photoperiod. were pretested with a spawning par as previously described Males that
shcw;d courtship activity were anesthatized. fin clipped. and /mplanted with aither ona
of six antisteroid drugs or biank peliets into the OT. NPO. or Vs-pVv All combinations
of drugs and brain sreas were used, except that tamoxifen was only implanted in the
Vs-pVv The fish were given spawning behaviour tests several times during the first
week and up to several wesks following implantation. After the last behavioural test®
gonads were removed for GS| determinations and brans for histology. the average body

weight was 311t 14 g This experiment ran from April to July.

C. RESULTS
Exp. 4.1 - Systamic Impisnts of Testosterona Peliets

Fig 4.1 shows thst the proportion of T-treated males spawning was larger than
that of the control group. both 2 (=007, Fisher's exact test, one-tailed) and 5 (p<0.001)
days after impisntstion. In fact, 100% of the T-treated males spawned on the fifth test
day. By 40 days postimplantation, ht;\n:svsrr. the T-treated males were iess sexually
active than on their previous tests, and the proportion spawning was not dif ferent from
the controls. At the end of the axpg's:imt the T-trested males had smaller GSis than
the controls, although the difference was not statistically significant
Exp. 4.2 - Systemic Injection of Various Steroids

injection of 7 vg/g body weight of either EB, 11KT..or TP had no stimulatory
effect on male courtship behaviour (fo//qwing and quivering) on either of the twaitgst
days (Fig 4.2) More than half of the control group (V) courted females 7 days after
treatment, aithough none of these fish spawned. The value most different from the
controls was the proportion of 11KT-treated fish that spawned, as well as courted, on

the seventh test day (p=007, Fisher's exact test. one—tailed. GSis were not different
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Fig. 4.2. Sexual behaviour of regressed male goldfish tested 1 and 7 days after a week
of treatment with vehicle (V) estradiol benzoate (EB) 11-ketotestosterone (KT). or
testosterone propionate (TP) (n) - sample size P — calculated by Fisher's exact test,
one-tailed. comparing each steroid treatment to the (V) group  GSis are not different
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among trestment groups.
Exp. 4.3 - Brain Implants of Testosterons Palists

Brain mplants of T apparently increased the number of male goldfish courting
females on the fourth test day. although this effect was not statistically significant (Fig.
4.3 p=012, Fisher's exact test. one-tailed) probably as a result of the small sample siza
The control group became more sexually active on the subsequent tests, 10 and 20 days
postmplantation, during which ther!g were no differences between groups in the number
of males either courting or spawning Histological analysis of the brains was not
performed The GSis were not different betweeen groups and were extremely low, with

same animals having aimost undetectable amounts of testicular tissue

With the exception of the antiestrogen enclomiphene citrate, the antisteroid brain
implants had no effect on male spawning behaviour, as more than 75% of the fish were
sexually active in aimost all treatment groups. Howaever, Fig 44 shows that four days
af!tsr enclomiphene citrate implantation, the proportion of “30%" pellet—implanted males
courting was smaller than that of the blank —implanted controls (p<0 05 f&r peliets in the
NPO, p<0.1 for pellets in the Vs—-pVv which becomes p<0.05 if the two Vs-pVv “blank"

:’gfczups are combined, Fisher's exact test one—talled) For fish with "100%" pellets in the
Ve&-pVv, this depressir::ﬁ persisted up to the eighth day postimplantation (p<0.05), while
the "30%" animals showed complete behavioural recovery on this test day. The position

. of these pellets could not be verified histologically, presumably because they were

completely absorbed by the surrounding tissues GSis were not different between

9roups. .
D. DISCUSSION .

Long term exposure to a high temperature (30°C). short photoperiod (8L:16D), and

limited diet was used to produce sexually inactive male goldfish upon which the

behavioural sffects-of staroid treatments’could be examinad. However, in the first three

axperiments, about 20% of the biank and vehicle-treated (controll males showed
courtship behaviour on the first test day, esven though they had been pretested for the

* lack of sexual activity. In exps. 4.2 and 4.3, the proportion of control males courting
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increased with uch)absequeﬁt test. which suggests that experience and/or longer times
spent at the axperimental temperatura of 20°C had a stimuistory effegt and confounds
the assessment of the sterod treatments Perhaps the use of long term Hypo-
physectomized males would prcyudé morae relisble controls.
male spawning behaviour was confirmed by exp 41 where all regressed males
mplanted systemically with T peliets spawned on the fifth ';:M:!sﬂrfq:;hi'lt day Encapsulatioh
of some of the peliets. also observed by Hoar (1962) was noted &t autopsy which may
have gradually reduced T release and resulted in the lowered amounts of spawning
behaviour seen 40 days after implantation

The 1p. injection of EB. 11KT, or TP mnto regressed male goldfish failed to
increase the proportion of fish that either courted or spawned. although the results may
suggest a stimulatory role for 11KT The lack of significant treatment gfflgf::ts may have
been due to the poor health of the animals in this experiment and consequent small
sample sizes or to an inappropriste regmen of staroid admiristration However,
Wiegand and Peter (1880) were able to aiter plasma lipid levels in goidfish with the same
treatment protocol, indicating that such a regmen affects at least some physiological
systems. In the present study. 11KT was more effective than either TP or EB in
ncreasing the proportion of males spswning, although the effect was not significantly
different from the controls (44% of 11KT-treated fish spawned, p=0.07, Fisher's sxact
test, one—tailed). 11KT is thought to be a major androgen in teleost fish (Ozon. 1972) and
was more potent than T in inducing sex reversal or masculine secondsry sexusl
characteristics in the medaska (Oryzias /atipes) (Hishida md Kawamoto, 1970) the
swordtail (X/phophorus helleri) (Rastogi and Chieffi, 1975), and the guppy (Poecilia
reticu/ata) (Takahashi, 1975). Other than a preliminary study that used intact male zebra-
tish (Brachydanio rerio) (Van den Hurk, 1977), the behavioural effects of this androgen
have not been reported previously

In both regressed male goldfish (exps 4.1 and 4.2) and castrated male rats
(SOdersten et al, 1980). sustained-release T implants were more effective than T
injections in.facilit:ting male sexusl behaviour As waell, the behavioursl effectiveness of

daily T injections in castrated maie rats could be increased by as much as 50% if the



injections were synchronized with that tme of the LD cycle in which pulses in sndrogen
levels normally occurred (Sbdersten et al. 1980). This suggests that the target tissues
have tmes of maximal sensitivity, and that sustained-release pellets are more lkety to
deliver adequate amounts of hormone at these times than are injections A smmilar
phenomenon also may exist in fish, as diel rhythms in 11KT and T have been described in

the killifish (Fundulus grand:s) McGregor. 1981),

Experiment 43 tested techmques for
an area of the bran previously shown to be important in male spawning behaviour
(Chapts |l and il  Although implantation of T pellets into the supracommissural telen-
cephalon did not result m statistically significant increases in the sexual behaviowr of
regressed males. the data st 4 days postmplantation 167% of T-wnplanted fish
responding, p=0 12) are suggestive of such an effect However. this experiment does
not provide evidence for an exclusive behavioursl site of T action In the supra-
commissural telencephalon, the results from implants into other bran sreas are needed.
Furthermore, assuming that the pellets released supraoptimal amounts of T, it appears
that a systemic (100% males spawning. exp 4 1) rather than a central (50% males
spawning, exp. 4.3). route of administration was more effective. Several suggestions can
be made to account for this difference For example spawning behaviour may depend
upon the axposure of additional central narvous and/or peripheral tissuas to androgens.
As well, peripheral conversion of T into behaviourally efficient metabolites. possibly
11KT. may be raquired.

" Factors other than the irc:utg}'f administration also may have contributed to the
higher levels of spawning activity seen in males with systemic f’iﬁ‘ﬁlﬁti {axp. 411 The
snimals of exps. 4.2 (systemic injections) and 4.3 (T brain implants) were kept under the
conditions designed to promote sexual regression for longer times than the animals in
exp. 4.1, which, as well as ngultmg in smaller GSls, might have altered factors that
regulate sensitivity to androgen In birds and mammals, photoperiod can alter behavioural
sensitivity to hormone treatment. as T-trested castrates display less sexusl behaviour
under short days than long days (Campbell et sl, 1978; McDonald and Liley. 1978)
Although similsr studies using castrated fish must be viewed with caution because of the

problem of testicular regeneration. photoperiod effects on T sansitivity siso may occur



47

(Wai and Hoar. 1963) In the ring dove (Streptopel/ia risoria). the eftectiveness of T
implants declines with the time followmng castration. suggesting that androgen sensitivity
changes with hormonal status. Long-term castrates, which are relatively insensitive to T,
show an increass in preoptic 5 beta-reductase. which converts T to behaviouraily
mactive metabolites (Stermer and Hutchison, 1981 H:tchnson and Steimer, 1981)

Brain implsnts of antisteroid drugs (exp. 44) provided some evidence that
steroids act centraily to stimulate maie spawning Wiw n goidfish. Of the six anti—
steroids used. only the antiestrogen enciomiphene citrate mplantdd into the NPO or
Vs—-pVv, but not the OT. significantly reduced the proportion of males courting Both the
NPQ and Vs-pVv of the goidfish brain contain steroid-concentrating celis (Kim et al.
1978a) and are involved in reproductive behaviour (Demski and Hornby, 1982. Chapts. I
and ). Whether the drug acted at these implant sites or at snother site as a result of
drug diffusion might be resolved by studies using implants into sdjacent nuclei.

It would be premature to suggest a central role for estrogens based on the
results of exp 44 Atthough clomiphene citrate is effective in causing an increase in
plasma GtH and ovulation in a8 number of teleosts. including goldfish (Peter, 1982) an
exclusive antiestrogenic action has yet to be demonstrated in fish; possibly other types
of steroid receptors interact with this drug. As waell, the lack of effect of EB injections
in increasing the proportion of spawning males argues against a role of estrogens in this
regard.

it also would be premature to suggest that the lack of effect of antisndrogens
negates a role fpr androgenic hormones. Using the example of an antiandrogen that has
been used in fish, cyproterone acetate (CA), the following studies suggest that the timing,
durstion, and ratio of drugendogenous T used in this experiment may not have been
suitable:

1. CA. when given simultaneously with the androgen. failed to block the masculinizing
effects of TP or 11KT on female swordtails (Rastogi and Chieffi, 1975). however, when
administered 3 h prior to androgen trestment, CA effectively reduced the concentration.
of *H-T in the plasma, testes, and liver of juvenille rasinbow trout (Se/mo gairdneri)
(Schreck, 1973). Interestingly. no effect of CA was seen on *H-T uptake in the Kidhey.
splesn, gali biadder, brain, or epaxisl muscle, suggesting tissue specificity of CA action in



the trout

2 When sdministering CA to adult males, several weeks of treatment appear 1o be
necessary In the stickleback (Gasterosteus acu/estus) two weeks of CA treatment were
needed before ultrastructural changes in the androgen-dependent celis of the kidney
were seen Mourier. 1976), and three wesks of CA treatment reduced aggressive and
courtship behaviour n male sticklebacks (Rouse et ai. 1977) As the 30% enclomphene
citrate petiets Ias’t ther depressive sffect on behaviour B days after wrplaration, 30%
antiandrogen peliets may not have contained enough drug to be effective. 1t 1s not known
how long the 100% peliets would have delivered suf ficient amounts of drug

3. CA-induced reduction of nuptial colouration and delayed onset of nest building were
qb‘orvod n winter —caught, but not spring-caught, stickiebacks Rouse et al. 19777 As

the winter animals were thought to have had lower pretrestment androgen levels. CA may

only be effective at high drugandrogen ratios. Along these ines, n mammais, it is

generally accepted that more androgen is needed to restore behaviour in sexually nactive
castrates than to mantsn behaviour in males whose replacemant therapy begins
immediately after castration Hence, the antiandrogen, fiutamide, blocked T-induced
initistion, but not T-induced maintenance. of sexusl behaviour in castrated male rats
(Gl;we and Clemens. 1980)
4 Antisteroid administration to intact animals may cause compansatory regulatory
responses. |f the drug diffused mto the ventrobasal hypothalamus. then ons might
predict that an increase in GtH and androgens might occur due to blockage of the
negative feedback effects of endogenous androgens (Peter, 1982), thus neutralizing the
effect of the treatment

In summary, systemic T iﬁipl,iﬂts were very effactive in restoring spawning
less satisfactory. perhaps becsuse of the route of steroid administration or tha highly
regressed condition of the fish in this experiment. nevertheless, 11KT appeared to be
more effective than either EB or TP Brain implants of T weskly stimuiated. white the
sntisteroid drug enclomiphene citrate decreased spawning bghaviour when implanted into
the NPO or Ms-pVv. The resuits suggest a centrsl site of action of androgens in

facilitating male spawning behaviour in the goldfish.



V. EFFECTS OF SEXUAL STIMULI ON GONADOTROPIN AND MILT LEVELS IN THE
) GOLDFISH

A. INTRODULTION . ‘ _

in many male mammals and birds. exposure to sexual stimuli results n acute
elevations of circulsting lutemizing hormone (LH) and testosterone (T) These hormonsl )
changes can be induced by the sight and/or smell of a femaie and thus probably occur

prior to ac\tual contact and mating in the normal situation (Hutchison. 1978, Hardng,
1\981, OConnell et al. 18981) In fact sntcipatory rises n these hormones or therr
dependent physiological processes can be evoked even in the absence of a female If the
male is presented with a situstion where sexusl activity has previously occurred (Anon.,
1970. Kamel! et ai., 1975, Grsham and Desardins, 19801 Except for a prehminary report
of the present work (Kyle et al. 1979). similar observations have not been published
previously for poikilothermic vertebrates. aithough indirect evidence indicates that sexual
stimuli. when presented chronically. can activate the pituitary—gonadal axis of teleost fish
For exampile, several weeks of exposure to thc opposite sex facilitated
endocrine—controlied events such as maturation of eggs and owvulation in a veriety of
teleost species (Aronson, 1945, 1965. Chien, 1973, Easton and Farley. 1874, Chen and
Martinich, 1975) and the development of the nuptial colouration in male stickiebacks
(Gasterosteus sculestus) Reisman. 1968). In sddition, stimuistion of the male endocrine
system has been suggested as a mechanism by which exposure to a female or her
holding water csused the onset of nest' building in seversl anabantids and cichlids, (Liley,
1982). '

In the present work, we first studied the effect of short-term exposure to
sexus! stimuli on two indexes of the reproductive status of the male goidfish (Carassius
surastus). the concentration of serum “"Con A II" gonadotropin (GtH) and the volume of milt
that could be expressed by hand-stripping. “Con A I or "maturational” GtH, one of two
gonadotropins réportad in teleost fish, was of interest because its "LH-like” involvement
in steroidogenesis and spermistion (idier and Ng. 1979) suggested that as with
mammalian LH, circulating levels may be asitered by social conditions. As well, GtH was

substantially elevated in spawning male carp {Cyprinus carpiol (Fish Reproductive
’
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Physiglogy Group, 1978) and white suckers ICatostomus commersoni) (NE Stacey, DS

MacKenzie. and AL Kyle, unpublished results) as compared to mature. but prespawning N

individuals The volume of expressible milt was Fﬁll!-l}id not only becauss its
dose-dependent relationstup to exogenous GtH n hypophysectomized goidfish (Yamazak:
and Donaidson, 1968) suggested that it would be a good indicator of endogenous GtH
changes. but siso because of the observation that apparently nonspermiating males often
had expressible milt after sexuasl activity The second and third portions of this work
attempted to detsrmine whether the observed changes in GtH concentrations and milt

volumes were causally connectad.

8. METHODS
Animals and Maintenanca

Goldfish were obtaned from the Grassyforks Fisheries Co. Martingville, Indiana
and held in 3600 or 1000 litre flowing-water tanks st 14°C under s simuiated natural
spring and summer photoperiod (Edmonton), for various times prior to aach experiment
Arwmals were fed twice daily with commercial fish food [Ewos pellets) Only mature
males. which had tubercies on the pectoral fins and operculum snd expressible milt were
used: body weights ranged from 15-30 g
Preparstion of Stimulus Fish

Either a receptive fermasie or pairs of spawning goldfish provided the sexual
stimuh for the experimental males. the use of the latter ensured that the tast males were
at least exposed to a spawning stimuius, rrespective of their own behavioural response
(seversl males may court and spawn with a single female). In both situstions, normal
female reproductive behsviour was induced by the intramuscular injection of prosta-
glendin F,sipha (PG) at 200 ng/g body weight (Stacey, 1976, Stacey and Peter, 1979)
The “stud” males of the stimutus spawning pairs were fish that had previously
_demonstrated persistent and vigorous courtship of PG-injected fm: All
experimental aquaria contained a spawning substrate of artificial, floating plants snd were
screened as much as possible from any outside disturbances.

¥
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Milt and Bicod Samples

Fish were anesthetized in solutions of either 0 1% tricaine methanesulfonate or
0.05% 2-phenoxyethano! prior to milt or blood samples. Before strippmg the fish of
milt, urine was first expsillad by applying a light pressure sround the urogenital pors and

' blotting the fluid with tissue paper Milt expressed during subsequent gentie stroking of

the abdomen, 10 an anterior to posterior direction, was immediately aspirated into a 20 or
S0 ui glass micropipette. The use of excessive force to strip milt was avoided, as thus
ruptured the blood vessels around the urogenital ducts and did not noticeably ncrease
the volume of milt collected The micropipettes were spun for 15 min n a hematocrit
centrifuge and the volumes of milt and packed sperm were measured for calculation of
the % seminal plasma content Care was taken to centrifuge the milt promptly after
sampling, as the supernatant and pickéd cells did not separate claanly if the samples
were laft refrigerated overnight

When required, biood was taken from the caudal vasculature while the fish were
ﬂ;‘th(ti;:ﬂ for mit strippmng For !xpﬁﬁﬁ.’ﬁﬂi’s that ran over saversl days, blood
sampling was done within an hour of the same time sach day to mmimize the effects of
possible daily GtH fluctuations (Hontela and Peter, 1978). The blood was kept on ice until
clotted, centrifuged at 5°C, and the serum stored at -28°C Serum GtH laveis were later
datermined by radicimmunoassay (Crim at al., 1976, Hontela and Peter, 1978, 1980)
Study 5.1 - Effects of Sexual Stimull on GtH snd Milt Levels
—_— The first experiment in this series examined GtH levels in male goldfish after
axposura to aither snother male or a recaptive female It was observed that mm of the
female-exposed males appesred to have more exprassible milt at the end of this
experiment than at the beginning, and the rasults of a preliminary study NE Stacey and
R Billard, unpublished results) agreed with this observation The second and third
experimants, therafore, tested the hypothesis th:t maies exposad to sexual stimul, in the
milt levels on a short—term basis To characterize the sensory information required to

mediate these physiological changes, the fourth and fifth experiments manipulated the

whaether axposure to a homosexusl spawning par would have the same effects as
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exposure to a heterosexusl pair of goidfish ‘ &
Exp. 5.1.1 - GtH Levels in Males E xposed to Other Males or Females

A small group of males from a May stock of goidfish were warmed to 20°C for
one week and then mdividusily placed m 65 litre giass aquara, at 20°C. The following
morning, either a maie or a PG-injected female stimulus fish was added to each aquarium
Expermental males were removed and bled for GtH assay either immediately upon
addition of the stimulus fish (O mint or 20, 40, or 60 mun later; this protocol was
repeated over several days.
Exp. 5.1.2 - Milt and GtH Levels in Males E xposed to Spawning Goldfish

This experiment was performed i July, using a stock of fish obtsined several
months earlier Seventeen mature males were initislly (O h) stripped of milt and placed
into three 225 litre tanks. at 14'C. Ten of these males (stimulated) were divided equally
between two tanks that each contained two pairs of actively spawning goidfish, while the
remainder (controls) were added to the third, empty tank. The males were repeatedly
removed. stripped of milt, and returned to the experimental tanks after 1. 3, 6 12, and
24 h; blood samples were taken at 1 and 3 h This protocol was repeated on the
following day with a new group of‘goldfush
Exp. 5.1.3 - Milt and GtH Levels in Males E xposed to Spawning Goldfish

This experiment modified the protocol of exp. 512 Experimental males were
moved into the test tanks, at 14°C, on the afternoon preceeding the test day On the test
ddy. a presample of biood and milt was tdfen, and stimulus pairs of spawning goldfish
were added to two of three tanks one Hour iater (0 h). Blood and milt samples were
taken at 2 h and milt volumes were determined again at 6 and 24 h- This experiment was
performed in August, using a stock of fish obtained several months earlier.
Exp. 51.4- Milt and GtH Levels in.Ma/es Visually Exposed to Spawning Gol/dfish

Male goldfish, were stripped of milt and given one of the following three
trestments:
1. Isolsted - males/were placed singly in a 65 litre glioc aquerum, at 20°C, thet was
covered on all sides by black plastic.
2 Contact - males were placed individually with a stimulus pair of spawning goldfish
3. Visual - males were isolsted as in treatment 1, except that the long edge of the



aquarium was uncovered and butted agamnst the "Contact’ aguarium such that the isolated
animal could observe tha fish spawning in the adacent tank
Two hours later, the experimental males were stripped of milt. bled, and killed for
determination of their gonadosomatic index (GSi=gonad weight x 100/total body weight).
This experiment was performed in March
Exp. 5.1.5 - Milt and GtH Leyels in Males in Contact with or Separsted from Spawning
Goldfish -

Sixty-five itre glass aquaria, at 20°C. were covered on all sides by black plastic
and divided crosswise by loosely fitting. clear plexiglass partihons. each perforated by 6
holas 1.5 cm in diamater Water was cwculated betwaen the tank haivas by an air lift
system, made by passing aw tubmng with a larger glass sieeve through the partition
Stimulus fish were first arranged in the test tanks and allowed to spawn, the experimental
males were then stripped of milt and individually added to one of five treatment tanks (O
h}:
1. Isolated - the test male was placed on one side of the partition and the other side
was laft empty ”
2 Male/fermale—-contact - the test male was placed with a heterosexual spawning pair on
one side of tha partition.
3 Male/female—separated - the test male was placed on the other side of the partition
in the aquarium described above.
4. Male/male—contact - the test maie was placed with a homosexual pair of spawning
goldfish on one side of the partition The male performing the female role was
previously olfactory tract-sectioned, an operation that reduces male behaviour (NE.
Stacey and AL Kyle, unpublishad results), and injected with PG on the test day, which
induces fernale behaviour in males as well as in females (Stacey, 1981)
5. Msle/male-separated — the test male was placed on the other side of the partition in
the aquarium described above. '

Blood and miit sampies were taken at 2 h and the animals were killed for GSI

determinations. This experiment was performed in April. ' .



Study 5.2 - Hormonal Effects on Miit Volumes
volumes and serum GtH concentrations. As gonadotropin renstates spermiation in hypo-
physectomized goldfish (Yamazak/ and Donaldson, 1968), it is possible that the sexually
stimulated increase in milt is mediated by GtH The following series affaxpgrﬁ:ts

examuned whether injections of various gonadotropins or other hormones could evoke
: changes in milt volume similar 1o those seen in response to a spawning situstion
Exp. 52,1 - Carp GtH and hCG

Male goldfish were stripped of milt (O h), and injected intraperitoneally (ip.) with

7(5 ul/g body weight). carp GtH (cGtH, 25 ng/g body weight; gift
\ choriomc gonadotropin hCG: 2.5 LU./g body weight. Sigma).
Each treatment group was kept separately in 225 litre flowing—water tanks, at 14°C, and

one of teleost salir

from B Breton). or

repeatedly stripped of milt 1, 3. 6. 9. 12, and 24 h after injection. This experiment was
done in July with fish that had been obtained several months earlier.
Exp. 522 - Carp GtH and Go/dfish Pituitary Extrsct 0 \

Male goldfish were stripped of milt and injected ip. with one of teleost sﬂn\e 5
ul/g body weight). cGtH (25 ng/g body weight), or freshly dissected golidfish pitun;ﬁ-is
homogenized in teleost saline (654 ug wet weight tissue/g body weight, which was
slightly less than 2 pituitaries/fish). Treatment groups were kept separately in 225 litre
tanks, at 14°C, and repeatedly stripped of milt 1, 3, 6, 9, 12, and 24 h after injection
Exp. 5.2.3 - Adrenalin and Goldfish Urophyseal Extract

Two praliminary experiments were conducted, at 14 *C. In the first, males wa;s
injected with teleost saline (2 vI/g body weight) or adrenalin (40 vg/g body weight; Sigrma)
and stripped of milt 1 h later. in the second experiment, the urophysis and suframr;hﬁg
tissue was dissected from 15 goldfish, lyophilized, and reconstituted in saline (210 mg/4
mi). Males were injected with 200 I of saline or urophyseal homogenate (about 20 mg
dry weight tissue/fish) and stripped of milt 1 h ister.

Study 5.3 - Effeat of Sexual Stimull or Gonedotropin on Testiocular Hydration

Gonadotropin-induced spermiation in fish has been described as “the release of
spermatozoa into the sperm duct by thinning of the semen” (Yamazski and Donaldson.
1968) and is concomitant with gonadal hydration (Clemens and Grant, 1964, 1965). This
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study measured the changes in testicular water content induced by sexdsl stimuli {oxp.
5.3.1) or injection of hCG (exp. 5.3.2)
Exp. 5.3.1 - Sexual Stimuli and Testicular Hydrastion

Thirty male goldfish obtaned in March were divided equally between three 225
Iitre flowing—water tanks. at 14°C The next morning, males were stripped of milt (0 h
and spawning pairs of goidfish were added to two of the three tanks. All males were
stripped of milt st 2 h and one tank of stimulsted males were stripped again at 4 h At
this time. all animals were killed the testes were removed. weighed. and ieft to ary for
10 days at 60°C. The reduction in wg@:} after drying was tasken as an estimate of
testicular water content e )
Exp. 5.3.2 - hCG and Testicular Hydration

Maies from a May stock of goidfish were held at 14°C and injectad with either
teleost saline (5 wvi/g body weight) or hCG (2.5 LU./g body weight) and killed 12 h later.

The percentage of testicular watar was determined as described in exp. 531

C. RESULTS
Study 5.1 - Effects of Sexual Stimuli on GtH and Milt Levels
Gonadotropin Levels

Fig 5.1.1 shows that 40 or 60 min of exposure to sexuslly receptive females
significantly increased serum GtH concentrations in male goldfish (p<0.05, ANOVA and
Duncan’s muitiple range test) over the initial (0 min ) values. In contrast, the GtH levels of
those males exposed to other males did not change over the duration of the test The
GtH values for the femsie-exposed males aiso wers higher (p<0.05, two-tailed t-test)
than those for the male—exposeg males at the 20, 40, and 60 min sample times.

Similar elevations in GtH levels are shown in Fig 512 the serum GtH
' concentrations of the sexually stimulated males were aimost double (p<0.05, one—tailed

t-test) those of the unstimulated controls at 1 h, but not significantly different at 3 h

P<0.1). Exp 5.1.3 employed a different protocol than the previous axperimant wuﬁa‘“

regard to the timing of blood and milt samples and demonstrated a dif ferent peattern of
GtH change. GtH values for the unstimulated controls dropped significantly (Fig 5.1.3,
p<0.01, Wilcoxon matched—pairs signed-ranks test, two-tsiled) between the presample
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Fig. 5.1.1. Mean GtH concentrations ( £ SE) in male goldfish held at 20°C and exposed to
either another male or a receptive female Those treatments underiined by the same bar
are not significantly different at p<0 05 (two-tailed t-test - treatments ANOVA and
Duncan s multiple range test - times) (n) - sample siza
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-
and 2 h sample time, while there was no such decline in the stimulated group. Thus, the
GtH sampies were significantly higher (p<0.05. one-tailed t-test) in the stimulated maies
than the nonstimulated males at 2 h because of the smaller decrease following blood
sampling

The GtH concentrations shown In Fig 5 1.5 were extremely varisble, with 100
fold differences occurring within the same treatment group. As well the GtH
concentrations of some samples could not be calculated, as they exceeded the upper
hmit of the standard curve (> 100ng/ml} and were, therefore. assigned the value of 100
ng/ml. A n /nparametric ANOVA (Kruskal-Wallis test) reveaied no differences between
groups However, parrwise comparisons (Mann-Whitney U test. one-tailed) found that
the GtH levels of the two contact’ groups (male/female-contact and male/male—contact)
were significantly higher than the isolates and not different from each other. while the
two “separated’ groups (male/female-separated and male/maie—separated) were neither
different from each other nor from the isolated fish. Accordingly. the data were
combined into three, instead of five, treatments: isolated, contact. and separated, and the
appropriste ststistics were recalculated Signif'ocuﬁ sdifferences now were found
between groups. with the contact group having higher levels of GtH than either the
isolated or separated fish (Fig 5 15). Exp 5.1.4 failed to find any changes in GtH as a
result of either visual exposure to or contact with a spawning pair of goldfish
Milt Levels )

Figs. 5.1.2 and 5.1.3 show that significantly more milt (p<0.05, one-tailed t-test)
could be stripped from males after 1 to 24 h of exposure to pairs of spawning goldfish
than from males kept in all-male groups. Although the behaviour of individuals in the
group could not be determined easily, most males were observed to court the females at
some time during the test

If contact between test males and a spawning pair was prevented, either by
housing the male in an adjacent tank where the spawning fish could be only-seen (exp.
- 5.1.4) or by placing the male in the same tank but separated from the spawning fish by a
perforated partition (exp. 5 15). then the mitt volumes after 2 h of treatment were not
different from those of isoiated males (Figs 5 1.4 and 5 15) These test maies appeared

to be aware of the adjacent. but inaccessible, spawning activity and spent much of the
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test time oriented towards or swimming along the side of the tank or partition adjacent
to the spawning fish However, if contact was allowed between the test males and a
spawning pair, whether that pair was heterosexual (exp. 514 and 515) or homoseaxual
(where one male performed the femaie role. exp 5 1.5), then milt levels were significantly
elevated over those of the isolated controls (Figs 514 and 515, p<0.05. ANOVA and
Duncan's multiple range test. GSis were not different among the treatment groups of
exps B.14or 5156

in all of the experments in this study, the % semmnal plasma values were not
dif ferent between treatments at any sample time and averaged about 70%.
Sexually Active vs. /nactive Males

The first four axperiments in this series provided no opportumty tc’: correlate milt
volumes or GtH levels with the behaviour of individual fish, either because aimost all
males exposed to a female or spawning pair were, saxually active (exps 5 1.1 and 5.14)
or because the males were tested in large 'grm::s over several hours and, therefore,
dif frcult to observe individually (8xps. 5 1.2 and 5.1.3) In exp. 515, however, 5 of the
13 maies placed in contact with the heterosexual spawning par and 5 of the 12 males
placed with the homosexusl spawning pair did not court or spawn, when periodically
observed during the 2 h test The data for the combined "contact’ group, therefore.
were divided into sexusily active and inactive categories and compared with the isolated
controls (Fig 5 16) After 2 h of exposure T a spawning pair, sexually active males had
higher milt and GtH levels than either the inactive or isolated fish (p<0.05. ANOVA and
Duncan's mujljple rangs test — milt, Kruskal-Wallis test - GtH). In contrast, sexually
|mctiv9'ma§i’vara not different from isolated fish in either the volume of expressible
milt or concentration of GtH. The initial (0 h) milt volumes and GSis were similar among
groups (ANOVA and Duncan’'s multiple range test).
Study 5.2 - Hormonal Effects on Miit Volumes

in the first experiment (5.2.1), injection of gonadotropin. either carp GtH or hCG,
did not significantly increase milt volumes over those of the saline controls until 6 h
post-injection (Fig. 5.2 1, ANOVA and Duncan's muitiple range test. The milt voliumes of
the two trestment groups continued to increase over subsequent samplings. In the

second experiment, milt volumes from both the cGtH and pituitary homogenate—injected
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Fig. 5.1.2. Mift volumes and GtH concentrations (mesn + SE) of maie goidfish heid at
14°C and repestedly sampied at various times while kept either in an all-male group
icontrols - C) or with pars of spawning goldfish (stimuisted - S) p — caiculated by
ohe-tailed t-test (n) - sample size
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Fig. 5.1.3. Milt volumes and GtH concentrations (mean * SE)of male goidfish held at 14
°C and repestediy sampied st various times while kept either in sn all-maie group
(controls - C) or with pars of spawning goidtish (stmulsted - S) p - caiculsted by
one-tailed t-test (milt and GtH. C vs S) or Wilcoxon matched-pairs signed-ranks test,
two-taled (GtH, presample vs 2 hi (n) - sample size
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Fig. 5.1.4. Miit volumes, GtH concentrations after 2 h of stimulation, and GSls (mean *
SE) of male goidfish that were held at 20°C and 1solated from (I), in contact with €, or
visually exposed to (V) a spawning psir p - calculated by ANOVA and Duncan's multiple
range test. only significant values shown (n) - sampie size

E 3
MILT VOLUME (y!1) GtH (ng/mlI)
14 p —
p=0.08 F
(15) . i -
12 T T i
(18)
(15)
sp 1
4 p J- )
2p
1{cilv 1jcilv ! 1jc|v 1fCv
[o R ) —— é— el

0 2

Hours of stimulation



62

Fig. 5.1.8. Miitt volumes GtH concentrations after 2 h of stmUlation. and GSis (mean *
SE) of male goidfish that were held at 20°C snd isolated from (. m contact with {C). og
separated with a perforated partition from (S) either a heterosexual Q) or homosexusl %
par of spawning fish p - caiculated by ANOVA and Duncan s ruitiple range tast (milt and
GSI) or Kruskal-Wiallis test (GtH. data combined to yleld three groups |. C. and S), only
significant vaiues shown (n) - sample size
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Fig. 5.1.6. Milt volumes GtH concentrations after 2 h of stmulation, and GSls trmean +
SE) of 1solated. sexually nactive. and sexually active maie goidfish held at 2 *C. Those
values underiined by the same bar are not significantly different at p<D 05 (ANOVA and

Duncan s multiple range test - miit and GSI, Kruskal-Wallis test - GtH) (n) - sampie size
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groups were sigrvficantly tagher at 3 h. but not at 1 h, post-injection Fig 522 ANOVA
and Duncan's multiple range testt Again, mitt volumes of hormone—treated males
continued to increase over subsequent samping times. and the three trestment groups
were all significantly different from each other at 24 h In both experiments, the %
semnal plasma’ values for the trestment groups were highly variable and not different
from asch other at any sampie time Injection of adrenalin or urophysasl homogenate had
no effect on milt voiume
Study 5.3 - Effect of Sexusl Stimuli or Gonadotropin on Testiculer Hydration

Inexp 531 no difference (p=043 two-taled t-tast) was found batween the
mean testicular water contant of sexually stnmtatgd males thit had been strippad of miht
2 h before gonad removal (77.30 + 151 SE)]and those stripped immedistely bafore
sacrifice (7831 * 043 SE) therefore, the ‘7; water values of these groups were
combingd Table 5 1 shows that exposure to spawning pairs of goldfish lﬁtl"‘;l“d milt
volumes over those of the unstimulated controls, but that this was not paralieled by an
nNcresse m testicular water In céﬁfr:st the testicular water content of hCG-injected fish
was significantly elevated over saiine controls (Teble 52. p<0 .05, Mann-Whitney U test,
two-tailed) at a tme when milt levels would also be sievated (12 h post=injection, Fig

5.2.1) The GSis were not dif ferent between treatment groups in both axperimeants.

D. DISCUSSION

This is the first report in fish of rapid elevations in either GtH concentrations or

expressible milt volumes after exposure to sexual stimuli (either a receptive female or a*

pair of spawning goldfish). At 20°C, serum GtH concentrations were increased at 20 min
and remained elevated for up to 2 h as compared to nonstimuisted controls (exps. 5 1.1
and 515 A similar time course occurred at 14'C, GtH levels of saxually stimulated
males were elevated at 1 h (the first sample time in exp. 5.1.2) and 2 h (exp. 5.1.3) and
were no longer different from the control fish at 3 h (exp. 5.1.2). The transitory nature

of the gonadotropin increase in response to sexual stimuli also was noted for LH in

mammais. with concentrations peaking in about 15 min and declining to baseline levels in’

sbout 60 min (Marunisk and Bronson, 1976; Kamel et al, 1977 Coquein and Bronson,
1979).

LY

L
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Fig. 5.21. Milt volumes imean = SE) of male goidfish held at 14°C and sarmpled at
various tmes after mjection of salne. cGtH or h&g Those treatments undertined by the
same bar are not significantly different at pP<0.05 (ANOVA and Duncan's multiple range
test) (n) - sample size
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Fig. 5.2.2. Mitt volumes imean * SE) of maie goidfish held at 14°C and sampled at
various tmaes after injection of saline cGtH or goldfish prtuitary homogenate ‘Those
treatmaents underined by the same bar are not significantly different at p<0.05 (ANOVA
and Duncan s multipie range test) (n) - SaTple size '
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Table 5.1. Milt volumes and testiculsr water content of sexuslly stimulated male goldfish
heid at 14°C and sacrificed after 4 h of stimulstion. Ses Table 5.2 for symbol lsgend

V)
CONTROL STIMULATED P
Sampile size 10 20
% water® 77.6%1.5 77.8%0.7 n.s
GSi1° 4.92%0.38 4.56%0.32 n.s.
y! mitt - 0 n° 6.54+1.40 9.64%1.72 n.s.
gl mitt - 2 n° 2.93%0.66 8.73%1.57 p<0.0 1
% _ _

Table 5.2. Testicular water content of hCG-injected male_goldfish heid at 14°C and
sacrificed 12 h postinjection.

SALINE hCG 7 P
Sampile size 5 5 -
% water * 74.3 (52.1-76.6) 80.5 (75.8-81.9) p<0.08"
as1® 3.9120.80 3.40%0.85 n.s.
O meant8 E. v t-test, 2-talled, except where noted
¢ median (range) v Mann-Whitney U test, 2-talled
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in exp. 513 the GtH concentrations of control fish declined between serial blood
samples. a phenomenon also noted by others for goidfish (Chang et al, 1982) and
mammals (Harding, 1981) This dechne did not occur to the same axtent in males
exposed to a spawning pair, suggesting a facilitation of GtH secretion at this ttme (2 h at
14¢C).

Exps. 5.14 and 515 were performed one week apart at 20°C and used malqs
with similar mitisl milt levels and GSis. Even so. sleveted GtH concentrations dus to
contact with a spawning pair were found only in the latter experiment However the fish
in the former experiment were more sexually active and may have begun courting earier
As increased GtH levels appear to be concurrent with the onset of courtship behaviour
(see following discussion), a sexually stmulated mcrease n GtH may have occurred
before the 2 h blood sample tima.

Consistently, more mitt could be hand-stripped from male goldfish after 1 to 24
.h of contact with a par of spawning fish than from unstimulated controls However.
elevations of both expressible milt volumes and GtH concentrstions did not occur if
contact with the spawning pair was prevented, either by placing the male in an adjscent
tank where the spawning fish could be only seen (exp. 5 1.4) or separating hm from the
spawning pair with a perforated partition (exp. 5 1.5) In addition, the GtH and milt

responses were simiiar in males exposed to, either a heterosexual or homosexual pair of

situation must occur to induce these rapid physiological changes. This is different from
the situstion in male mammals and birds, where exposure to the auditory, visual, or
chemical cues of a fermale are saiffic:ient to elevate LH and T (Harding, 1981 O'Connell,
1981). In'bther fishes, female éhgrc)mcmgs also are sufficient to induce béh,a\;igurgl
changes in the male (L;Igyi 1982), although it is not known whether endocrine stimulation
is involved.

The "experimental design used for most of study 5.1 does not allow the
conclusion that increases in milt and GtH were caused by sexusl stimuli per se ‘as no
comparabie nonsexusl stimulus was given to the control groups. Nonspecific strass can
elevate the levels of several hormones in mammals, including LH (Krulich et al. 1874
Euker et al, 1975; Turpen et al. 1976). Presumably, any stress effects due to handling

. v



would be equal among treatrrients in the present experiments, but males placed in contact_-
with a spawning pair additi y may have experienced some nonsexual, socisily-mduced
stress. However. two observatiops suggest that the increases in GtH and mift were
specifically reisted to sexual behaviour instead of exposing males to a spawning pair,
exp. 5.1.1 presented oxperimontql fish wrth either another male ;r a raceptive female,
stimQh that presumably sre equal ;ocuuy but unequal sexually, a GtH response was seen
only in the female-exposed males. Furthermore. males that were sexuslly nactive :fhﬁ‘l
exposed to a spawning pair were not different from isolated fish %ﬁr GtH ﬁd miht
levels (Fig 516! In contrast. sexually active individuais had GtH snd milt levels higher
than the 1solates or inactive fish, suggesting that sexual activity and ;iwniﬁms ittt and
GtH are concurrent events which may share a commah activational mecharuem As wes, it
appears that actual spawning need not occur in order t;;s observe the GtH response The
fish in exp. 5.1.1 were courting but had not spawno%);y the 20 min sample time, when

GtH levels were significantly eievated — . .o §

Similar neural méchanisms may be involved in medisting rapid rises in GtH evoked
by external stimuli in both male and female goidfish. !?*jgmas@ GtH leveis rose rapidly
prior to ovulation (Stacey et al.. 1978a). and the number of figh Qm:tma spontansously
was méréasod by exposure to artific‘ial aquatic vegetation for as little as one light phase
(Stacey et al. 1979b). It has been proposed that the ovulatory surge of GtH 1s controlled
both by release from the influence of an inhibitory factor IGRIF) originating in the
preoptic area and by stimulation by s hypothalamic releasing factor (GRF) (Peter and
Paulencu, 1980). As courtship activity and the GtH increase occur togather in male goid-
fish, modulation of GRIF and/or GRF action may be accomplished by the same neursl
substrates that are activated during male sexusi behaviour. Male sexual behaviour in
goldfish depends upon the integrity of an area in the supracommissural telencephsion
(Vs—pVv) (Chapts. Il and lll. While lesion of the Vs-pVv does not alter resting levels of
GtH (Chapt 1ll), this area may mediate the phasic GtH rise induced in males by courtship
behaviour and. possibly, in femaies by aquatic vegetation in mammals, the amygdaia
appears to mediste the facilitatory effects of mating stimuli on ovulstion (Raisman and
 Field, 1972); parallels between the behavioural function of the amygdala snd the Vs—pVv
of goldfish have been noted (Chapt i)
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As sexually—induced sievations in milt and GtH were concurrent (with the ﬁ%ssibhﬁ
exception of exp. 514) and as replacement therapy with gonadotropin reinstates
spermiation in hypophysectomized goidfish (Yamazaki and Donaldson. 1968 Billard,
1977. Billard et al., 1982), the sexually-stimulated release of GtH may be responsibla for
the increased volume of expressibie miit The present results on the time course of milt
volume increases following gonadotropin injections were equivocal regarding this
possibility Male goldfish njected with either hCG or cGtH did not show a significant
increase n milt volume until between 3 and 6 h postinjection (Fig 5.2 1) suggesting that
the action of endogenous GtH would be too slow to account for the elevation in m;It
volume seen after 1 h of sexual stmulation (Fig 5 1.2). Moreover. the dose of GtH used
was sufficient to cause a serum level of about 35 ng/mi 1 h after Lp injection into
mature male goidfish at 12°C (Cook and Peter. 18980a;. a concentration st laast twice as
high as the andogqnous levels found in 4/5 of the present experiments. However, the
results from‘ subsequent experiment first detected increased milt volumes batwesn 1
and 3 h aftet injection of cGtH or pituitary extract, which, allowing for a delay due to
uptaske of hormone from the peritoneum, is within the time range seen for the sexually
stimulated milt respons; t 1s not clear why the same dose of cGtH at the same
temperature );ielded two different patterns of miit response. The males in the latter
experiment had higher initial volumes of milt, suggesting that they were more mature and
possibly more responsive to exogenous gonadotropin administration.

‘ Two unexpoéted results were found in the injection experiments. First, over the
first 12 h after injection, similar volumes of miit were collected from fish injected with
25 ng/g cGtH and goldfish pituitary homogenat'e, e\;en though the cGtH-equivalent dose
of the latter would have been about 250 t;mes greater than the cGtH injection, as
estimated from the average pituitary GtH content {Cook and Pet.er, 1980b). At 24 h,
however, the milt"vo|ume of the pituitary extract-injected group had exceeded that of
cGtH-injected fish, suggesting that .'uptake of hormone from a crude homogenate is
a maximum over the first 12 h and differences only appeared when the affact of cGtH

begsn to wane. Second Qonadotropin or pituitary homogenate treatment did not
increase the seminal plasma content, as described for tho‘carp (Cyprinus cerpiol



(Clemens and Grant, 1965) Possibly the high variability within each trestment and the
difficulty mn apcurately measuring the small volumes of milt collected from the
saline-injected animais masked any changes in % semmnal plasma due to hormone
treatments. On the other hand, the fish in this study were aiready reproductively mature.
and presumably the sperm ready for release had aiready undergone optimal dilution
Thus, hormone administration to fish in this state may have accelerated the process of
milt production without aftering the fluid content of the product

When pituitary extracts or gonadotropin (saimon GtH or hCG) were injected into
male carp or goldfish, the water content increased uniformly along the length of the
testes, the epithelial cells of the sperm ducts hypertrophied. spermatozoa detached from
the duct walls, presumably due to fluid secretion by the duct celis, and the volume of
expressible milt, milt plasma, and water content all increased (Clemens and Grant, 1964,
1965: Yamazski and Donaldson, 1968; Billard, 1976. 1977) Although not all of the
above parameters have been Mswed in the same study snd few rné:surmnts have
been taken at times less than 24 h postinjection, these events are thought to occur
concurrently during spermiation, (for example, milt vc’ilms would not be slevated hours
before testicular hydration) Thus, if sexually stimulated milt volume increases are
mediated by GtH, then these increases should be accompanied by increases in testicular
water. Study 53 found that the increased mift volumes seen 4 h after the onset of
sexual stimulation were not paralleled by an increase in testicular water. It s possible that
testicular hydration occurred but was not detected in these sexually stimulatad fish, as
the technique used may be restricted to the measurement of relatively large changes in
testicular water, such as those seen 12 h after hCG treatment Alternatively, whereas
testicular hydration and increased milt production may be a mechanism by which sexual
stimuli maintain elevated volumes of expressible milt, the initiation 1::1‘ these alevations
may occur via a GtH-independent mechansim, such as increased movement of milt into
the posterior portion of the sperm duct for storage. a

Accumulation of milt in readiness for release is probably accomplished by
contractions of the sperm duct Billard et al. 1982). In fish, hormones of the neuro-
hypophysis, urophysis, and the sympathetic nervous system have been shown to

influence sperm duct contractility and sperm ‘release” as a resuit of hand-stripping
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Bearind, 1972. Billard. 1977), and thus may be potential medistors of sexuatly stmulated
extract into goldfish were equivocal. however, the lack of a significant increase in milt
volumes 1 h after injection of supraphysiclogical dosas of hormone casts doubt upon
the importance of hormonal mediation in the fast sperm responsa The injection of uro-
physeal homogenate or adrenalin had no effect

Demsk: and coworkers have evoked sperm reiease in sunfish (Lepomis) and gold—-
fish by electrically stmulating a tract running from the preoptic area through the bran
stem to the rostral spinal cord Demski et al. 1975; Demski, 1978, Demsk: and Hornby,

1982) Removal of the pituitary and urophysis or paralysis with d—tubocurarine had no

may be mediated by a cholinergic sympathetic system ([Demski and Hornby, 1982)
Perhaps a similar pathway mediates loading of the posterior sperm ducts and.

In summary, the performance of sexual behaviour is correlated with the rapid
alavation of GtH concentrations and expreassible milt volumes, which may act as a ﬁ:ﬁ;sitiva
fesdback system to maintain sexual readiness Elevated GRF, GtH, or sex steroid levels
may facilitate reproductive functions that are rate-limited by hormone availability. While
stercid hormones induce sexual behaviour in regressad male goldfish (Chapt [V), the
males in the present studias obviously had sufficient levels of reproductive hormonss to
sliow the performance of sexusl behaviour. However, perhaps subsequent saxusl
activity csn be facilitated by stimulation of the hypothalamo-—pituitsry—-gonadal axis.
suggesting that a physiological mechanism might participste in mediating the facilitatory
effects of experience. Tha performance of sexual behaviour also increases the amount

of milt stored in readinass for spawning, perhaps both by moving milt into the posterior

portion of the sperm duct and by increasing milt production via the elevation of GtH Q




Vi. GENERAL DISCUSSION

The foregoing chapters have presented new mnformation regarding the neural and
hormonal control of spawning behaviour 1n the male goldfish (Carassius surstus) and the
effects of spawning performance on reproductive condition This chapter summarizes
that information and givas a general interpretation of the results.

A number of studies (reviewed in Chapt I} have implicsted the nuclei of the
ventral talencephalon and preoptic area in the control of male spawning behaviour in fish,
but when lesions were pisced stereotaxically n these nuclei of maie goidfish, only lesions
in the area ventralis telencephal! pars supracommissuralis (Vs) )nd area vemralis
Furthermore. a probability analysis (Fig 22 which | beleve s a umque spproach. cf
Wolf and Goliob, 1980) showed that the effective afea the Vs and posterior Vv
(Vs—-pVv), corresponded precisely with the only site in the goidfish telencephaion that
concentrates sex steroids (Kim et al, 1978a). thus providing the first direct evidence for
a raproductive role for this srea (Chapt ()

Lesions of the Vs-pVv did not destroy the motor capability for spawning
because sbout two-thirds of Vs—pVv lesioned males showed the compiete spawrng
sequence on st least one of the weekly spawning tests (Chapt I Neither was the
reproductive endocrinology of these animais appreciably altered by these lasions. as the
GSls and serum GtH concentrations were similar in lesioned and sham lesioned golidfish
(Chapt I The following circumstantial evidence suggested that Vs-pVv lesions
impaired male sexual behaviour by disrupting the Erat;:ssing of critical olfsctory cues. In
goldfish, the lateral portions of the Vs—pVv lie adjacent to one terminal fieid of the
medial olfactory tracts (Oka et al, 1982) and detailed pictures of olfactery tract
projections in the paradise fish (Macropodus opercularis) implied that the
" steroid-concehtrating cells in the Vv could receive olfactory information Davis et al,
1981) Furthermore. section of the medial, but not the Iateral, olfactory tracts (NE.
Stacey and AL Kyle unpublshed rasutis). as well as Vs-pVv lesions, produced
deficiencies in male spawning behaviour.

Although Vs=pVv lesions did not impair the perception of a food odor (Chapt i),
the question of whether lesioned males can smaell sexual odors is still unanswered. In this
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regard. it 1s interesting 1o note that the ability to perceive a sexusl odor may vary with the
hormonsl state. Based on the preference of goidfish for Hﬂ odor—containing a’m of a Y
maze Partridge et al. (1976) deterrmined that mature, spermiating males responded to
odors from both food and an ovulatéd femaie, while nonspermiasting males responded
only to the food odor. As well. the nonspermisting fish apparently were less sensitive to
odors in general This correlates with slectrophysioclogical recordings from the olfactory
bulb of goldfish. which showed that the amplitude of the bulbar electroencephalogram
(OB-EEG) was proportional to the sexual maturity of the male (Goff. 1979) This 15 likely

an effect of increased steroid leveis, as steroid trestment sitered the OB-EEG seen in

1967) Furthermore, the sex steroid—concentrating cells of the ventral telencephalon
may medistes the effm:{ of steroids on olfactory function, as this area sends centrifugal
fiores to the olfactory bulbs via the medial olfactory tracts (Oka 1980} snd section of
the medial. but not the isteral, olfactory tracts altered the OB-EEG (Hara and Gorbman,
1967).

While impasirment of male sexusl behaviour by disruption of pheromone
perception is a plausible hypothesis for the mode of action of Vs-pVv lesions, the
experiments of Chapt |l showed that olfactory-independent behaviours aiso were
affected Male goldfish that failad to show male bBhaviour also failed to show femals
spawning activity, the latter can be evoked in intact males by PG—treatment and is not
reduced by section of the olfactory tracts (NE Stacey and AL Kyle, unpublished

resuits) Moreover, the hyperactivity shown by isolated, intact males was not seen in

olfactory stimuli necessary for male behaviour, but also of stimuli that regulate other
sexusl and social activities All behaviour was not indiscriminantly reduced, however, as
feeding in response to a food odor, a non-social activity, was unaffected by Vs-pVv
lesions.

Because the Vs-pVv both binds steroid hormones and is ‘iﬁVDIVQd in spawning
behaviour. this site may mediate the potentiating effects of gonadal mdfgggr;s on sexual
behaviour. If implants of androgens into the Vs-pVv could reinstate behaviour in sexually

inactive males, then this hypothesis would be supported. However, experiments
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designed to test this idea (Chapt V) were thwarted by the difficulty tamning sexually
nactive male goldfish, as castrated males readily regenerated testicular tissue and
regained sexual activity, regressed winter fish showed unacceptable smounts of
courtship behaviour, and fish kept for extsnded lengths of time under conditions that
promoted extreme sexual regresssion also may have been rendered nsensitive to
androgen treatment Nevertheless the hypothesis of a central site for androgen action
was supported by the observation that when peliets were placed in the Vs-pVv, more
testosterone—implanted than biank-implanted males spawned. although the difference
was not significant (p=012) In addition, central implants of the antisteroid drug,
enclomiphene citrate. significantly reduced the number of mature maies spawrung
Depending on the behaviour and the species nvoived. conversion of testosterone
to either dihydrotestosterone or estradiol is necessary for the stmulstion of
!ﬁm*ﬂm.ﬁt behavioor m mammals and birds (Adking~Regan. 1981).
Testosterone siso may be acting as a "prohormone’ in goidtish, as systamic injection of
11-ketotestosterone, a prominent androgen in ﬁsh‘ appeared to be more effective than
either testosterone or estradiol in inducing male spawning  Although encliomiphene
Citrate is usually considered to be sntiestrogenic in mammals (Murad and Haynes, 1980),
the possibility that it may compete with the receptors for other steroids in fish remains
open  The problem of the hormonal sggéifiecty of male spawning behaviour needs
; Chapt V showed that male goldfish exposed to sexual stimuli, in the form of a
receptive female or a stimulus pair of spawning goldfish, had ncreased "Con A II" or
‘maturational” gonadotropin (GtH) levels and expressible milt volumes within 1 h ag
compared to nonftimulated males, and the stimulatory effects on GtH and milt persistad
for at least 2 and 24 h, respectively. Although similar, transient elevations in
gonadotropin levels as a8 result of sexual stimuli have been observed in birds and
mammais Harding, 1981), this is the first report for fish The sight. sound, or smell of a
female is sufficient to cause an increase in gonadotropin in male birds and memmals, L':ut

in goldfish, no elevations of GtH or milt levels were seen if tha males waera nxulny

inactive or separated from the spawning pair by either a solid or perforated transparent

partition.  Furthermore. the presence of a female was UNNSCOSENry, 88 exposure to a



homosexual spawning par (where a PG-treated masie played the female role) was as
effective as exposure to a hétﬁasgxuﬁl pair in elevating GtH and milt levels Taken
together. the results suggest that exposure to the spawning situation, rather than cues
specific to a femnle/ caused thase physiological changes.

The sti ory affects of gonadotropin on spermiation are well known Billard et
al, 1981) ch suggests that the sexually stimulated mcreases in axpressible milt may

be due to the concomitant rise in GtH Preliminary experiments did not allow any firm

event involving the sympathetic nervous system (Demsk: and Hornby. 198 1) suggests that
an increase in expressible milt volumes may be tha result of both a neurally mediated
movement of milt from the anterior portions of the testes into the posterior sperm duct
and a2 hormonally medisted increase n milt production In addition to facilitating miht
production. slevated GtH levels aiso may potentiate other reproductive functions that are
rate-limited by hormone availability

The unorthodox development of the teleost telencephalon has resulted n diverse
interpretations of the anatomical relstionships between teleost fish apd land vertebrates.
Whereas the rostral zone of the primitive neural tube of most vertsbrates evaginstes
bilsteraslly to produce paired ?H‘!ﬁ*iﬂ‘bs,v in teleosts it everts to yieid » T—shaped ventricle
that is enclosed dorsally by the tela choroidea (Fig 6.1). The “comparsble” hypothesis
suggests that the topology of the major forebrain primordia in teleosts is directly
homologous to other vertebrates, thus the hippocampus always would be situsted dorsal
to the septum, even though this juxtaposition of neursl fields in other vertsbrates has
occurred becsuse of the svagination process. In contrast, the “eversion’ hypothesis
maintains that the forebrain primordia retain their relative positions throughout the
eversion process, resuiting in a8 medio-lateral reversal of the dorsal structures relative to
lsnd vertebrstes (Fig & 1) M@st;ﬁbryah;gic;;l, anatomical, and histochemical studies
support the latter interpretation (Northcutt, 1981)

Even though the neural fields of the ventral tslencephslon would be subjectad to
less rearrangerrient as a result of the eversion process, there are still discrepancies in the
literature regarding their homologies with other vertebrates. As Campbell and Hodos
(1970) have emphasized, 8 number of criteria should be used to establish homology

I~



Fig. 8.1. Comparison of the way in which the topoiogy of the telencephaion might be
preserved during development of s teleost and sn amphiban The amphibian brain shows
svagination and inversion; the teleost brain shows two extreme views of topographic
organization D - dorssl pallium or neocortex, H - medial pstium or hippocampus, P -
lateral pallium or pyriform cortex. S - septal region, St - strigtum, 1-5 ~ corresponding
major telencephalic subdivisions (Adapted from Sctroeder, 1980 and Northeutt, 198 1)
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between two structurss, such as similarity of fibre connections, topology. embryoiogy.
histochemistry, and electrophysiology. and behaviour. The resuits of this thesis can offer
information regarding the last criterion
As summarized in Chapts Il and lil, the Vs—pVv of goidfish and the corticomedial
amygdala of mammals appear 10 have similar functions in the control of male behaviour,
both sites receive olfactory input and male sexusl behaviour is blocked srther by removal
of thws input or by lesions in the amygdsia or the Vs—pVv. As well, both sites have similar
efferent connections, although the pattern in goldfish has not been descrived in detail,
and both bind sex steroid hormones Kim et al, 1978a - goidfish. Pfaff and Kewner. 1972
- mammals) Nonolfactory behaviours. such as female spawring and swimming activity
eh:nﬁ isolation, siso are reduced by Vs—pVv lesions n the goidfish. These observations
are consistent with theories of amygdaioid function In 8 ciscussion of the functional
significance of the amygdaia in nonmammalian vertebr ates. Gloor (197 1) suggests that
Probably, for the majority of mammals beiow the level of primates. no
provides the cues not only for the searching and ingestion of food. but aiso
— for reproductive behavior, maternal behavior, avoidance behsvior and, most
importantly, also for the integration of the individual within the social group
Even in fish olfaction .. provides the neursl basis for plasticity of
behavior.. [such as] individusl recognition, cooperative behavior and
dominance (p 432)
Gloor hypothesized that since many motivational mechanisms are activated by the
olfactory sense, the structures involved in olfactory processing gl':ch;nlly took on the
general function of assessing sensory signals and activating pathways at lower bran
levels that organize motor output Thus, a wide variety of activities may be disrupted
following amygdaloid lesions. but there is no obvious difficulty in the performance of a
particular response when it does occur {Cormier, 1981), an observation also noted for
the behaviour of Vs—pVv lesioned goidfish. These types of observations led Cormier to
suggest that the primary role of the amygdala is one of stimulus prﬁcassiﬁg; particularly

of cues involveq in species—specific bshaviour
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Whether or not behavioural paralisis suggest homology between part or all of the
Vs-pVv in goidfish and the amygdala of mam

\sis, analogies drawn between these two
structures provide a framework to assist the ‘construction of maaringful hypotheses.
For axample. in view of the relationship of the Vs-pVv with spswning behsviour and the
latter with rapid elevations of GtH levels. the facilitatory effect of the amygdala on
gonadotropin secretion in mammals (Komisaruk et sl. 1981) suggests that the Vs—pVv
immﬁﬂ:fmmrmhsmmmmgmm
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