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ABSTRACT

Ripe males of Chasmodes bosquisnus release during
courtship a sexual pheromone which attracts gravid females.
Females tested 2l hours after spawning still significantly
respond to the pheromone. Females detect the pheromone by
olfaction. The "active substance" of the pheromone appears
to be short-lived. Females showed no significant response
to courtship water which had been stored in polypropylene
bottles for 2l hours at the ambient water temperature.
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THE ROLE OF CHEMICAL STIMULI IN THE PRE-SPAWNING BEHAVIOR
OF THE STRIPED BLENNY, CHASMODES BOSQUIANUS.




INTRODUCTION

Pheromones facilitate sex recognition in several groups
of fishes (Kleerekoper 1969; Tavolga 1956). Losey (1969)
reported a pheromone to be produced by males of three spe-

cies of blennies, Hypsoblennius gentilis (Girard), H. robustus

(Hildebrand), and H. jenkinsi (Jordan and Evermann) and

suggested that the pheromone facilitated male courtship
by releasing sexual appetitive behavior and by increasing
sexual receptivity.

This report describes the agonistic and reproductive

behavior of the striped blenny, Chasmodes bosquianus

(Lacépede), and describes experiments demonstrating the
presence of a pheromone which elicits and orients the pre-

spawning behavior of C. bosquianus. The methods used in

this investigation are similar to Losey's (1969) experi-

mental methods.



REPRODUCTIVE AND AGONISTIC BEHAVIOR OF CHASMODES BOSQUIANUS

Introduction

The reproductive and agonistic behavior of

Chasmodes bosgquianus has not been previously described.

Tavolga (1958) described the reproductive behavior of fishes

which he listed as C. bosquisnus, but which were in fact

C. saburrae Jordan and Gilbert (Springer 1959).

Under natural conditions both males and females are
territorial, but territoriality was not observed when groups
of one sex were held in 20 gallon asquaria. However, when
an adult, either male or female, was removed from a group
and isolated in a smaller tank, the isoclated animal soon
established the entire bottom of the tank as its territory.
A centrally placed clam shell was the territorial center.
Reproductive and agohistic behavior were elicited by the
introduction of a gravid female or a ripe male into a tank
containing another fish which had been isolated for a week.
The ensuihg interaction was photographed with a Zeiss Ikon
16 mm camera using Kodak L-X Reversal film., These films
and observations are the basis of the agonistic and repro-

ductive ethograms which follow.



Agonistic Ethogram

Male Resident - Male Intruder

When an adult male was placed in a tank occupied by
another male, agonistic bouts usually occurred. As soon
as one male became aware of the other, the alerted male
changed col&r. The over-all coloration darkenéd.and the
characteristic dark blotches on the body were replaced
by pale, narrow, stripes which extended most of the 1ength
of the body. The dorsal fin was tightly erected and the
irridescent blue blotch on the anterior porticn of the
dorsal fin became prominent.

The males then approached each other and usually
fought. Occasionally they assumed the threat posture be-
fore engaging in combat. The threat posture consisted
of each male facing his opponent head-on, but displaced
laterally several centimeters, rolling the dorsal surface
toward the opponent, flaring the opercula, and gaping.
The blue blotch of the dorsal fin probably is important
in the threat display. From the threat posture, with a
small amount of lateral displacement, the animals locked
Jaws. The threat display lasted only several seconds.

Combat consisted of biting énd locking jaws. Often

more than a minute elapsed before one of the males released
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the opponent's jaw. They then bit each other's pectoral
and dorsal fins, often tearing the dorsal. The anterior
portion of the dorsal fin was most frequently attacked.
Males often thrust the caudal peduncle laterally at one
another.

Evenfually the intruder fled to a far corner of the
tank. The resident pursued and continually nipped the
intruder until he assumed a nearly vertical swimming po-
sitioﬁ with the head directed toward the surface and
changed from dark“to the normal color: The intruder's
dorsal fin remained raised but not tightly erect as dur-
ing combat. The intruder was rarely nipped while main-
taining this submissive posture.

Occasionally during flight, the intruder entered the
nest, where he was sometimes courted. After having given
courtship displays, the resident entered the nest. Even-
tually the intruder was either accidentally or aggressively
pushed out of the nest. The resident then attacked rather
than courted the intruder which fled'to a corner. The

resident usually did not chasé, but remained in the shell.

Male Resident - Non-gravid Female Intruder

Whenever a non-gravid or immature female was intro-
duced into a tank which contained an isolated ripe male,
the male immediately darkened his over-all coloration and
erected his dorsal fin upon becoming aware of the female.

The male then approached the female and either attacked or



courted her. In either event, the female responded by
assuming a submissive posture identical to that exhibited
by males. The female was rarely nipped if she maintained
the submissive posture midway in the water column:' However
the male would often nip her as soon as she sfarted to
drift down to the bottom of the tank.

The male's propensity for attack did not appear to be
related to the female's nearness to the territorial center,
since the female was not attacked even directly in front of
the shell aé long as she maintained the submiséi&e posture
several centimeters above the tank bottom. |

A resident male would sometimes court a non-gravid
female after which she occasionally entered the shell.

The non-gravid female was inattentive to the male's court-
ship display and never remained in the shell long. As
soon as the femsale left the shell, the male nipped her.
She then assumed the submissive posture.

The male's attack upon a female was never as vigorous
as his attack upon males. Fin tearing was never observed

in aggressive encounters between males and females.

Gravid Female Resident - Gravid Female Intruder

The agonistic behavior of females was similar to that
exhibited by males except that females tended to give
threat displays more frequently and attacks were less
vigorous than those of males.

Whenever a female was placed in a tank already occupied



by snother female, the resident animal dashed out of her
shell and approached the intruder. Both females under-
went conspicuous color changes. The over-all body color
darkened. The normal checkered pattern disappeared and
was replaced by distinct, dark vertical bands. The dorsal
fin was tightly erected. The female threat display was
similar to the male threat display and consisted of mouth
gaping and the rolling of the dorsal surface toward the
opponent. Locked jaw combat commonly occurred.

The intruder was always the first to stop combat by
either fleeing to a corner of the tank or entering the
shell. Occasionally the resident female courted the in-
truder while the intruder was in the shell. However,
courtship changed to combat as soon as the resident enter-
ed the already occupied shell. Thé intruder then quickly
fled to a corner of the tank. The resident female aggres-
sively pursued and nipped at the fleeing intruder. As
soon as the intruder assumed the submissive posture, the
resident stopfed her attack apd returned to her shell.

The intruder eventually drifted down to the bottom of the
tank where she assumed a resting position. This usually

did not provoke further -attacks from the resident female.

Gravid Female Resident - Ripe Male Intruder

When a ripe male was introduéed into a tank already
occuplied by a gravid female, she approached and threatened
the male. The threat display was often mutual. Locked Jaw



combat followed the threat display. Combat between males
and females never involved fin tearihg. After the locked
jaw hold was broken, the female usually returned to her
shell. The fish then appeared to ignore one another.
If the male was left in the tank for an hour or so, he
would eveﬁtually enter the shell which the female would
relinquish without a fight.

A newly iIntroduced male never courted the resident
female. Perhaps the stress involved in the transfer from
one tank to another and the foreign éurroundings temporar-

ily suppressed the male's sexual drive.



Reproductive Ethogram

Courtship Coloration

The courtship coloration of the male is darker than
the normal coloration. The normal blotches disappear and
pale, narrow, stripes become prominent., The pre-opercula
become quite pale, while the chin and forehead remain dark.
The pectoral fins darken. The white tips of the anal spines
and the dark anal pads become conspicuous. The dorsal fin
darkens except for g mid-anterior portion which becomes an
ember color. The irridescent blue blotch on the antsrior
part of the dorsal fin darkens and becomes less conspicuous.
During the early part of courtship, the iris of the eye
changes from the normal dark color to an amber color,

Females do not change color during courtship or spawn-

ing.

Courtship Display

When a gravid female was placed in a tank which con-
tained a ripe male, the following events usually occurred.
As soon as the male became aware of the female, he assumed
courtship coloration and erected his dorsal fin. The male
then approached and with quick darting movements circled

the female many times, all the while rapidly shaking his
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head. A female sometimes initially responded to the male's
actions by assuming a submissive posture, but she soon
resumed the normal resting position. The male frequently
returned to the nest, turned upside down and swam around

on the underside of the upper valve of the clam shell.

The male élso performs this swimming action during actual
spawning. He then turned upright and extended his head

out of the shell toward the female and shook his head.

If the female did not then enter the nest, the male agsain
circled aroﬁnd her while shaking his head. Tﬁe ﬁale some -~
times herded the female toward the nest by reducing the
size of his circles. If the female still did not enter

the nest, the male then nipped her and butted her in the
tail region with his snout. The male was often very vio-~
lent in his attempts to persuade the female to enter the
nest. Once the female had entered the nest, she positioned
herself to face the front of the clam shell. The male then
circled around the clam shell while vigorously shaking his
head. The male swam faster around the back of the nest
than in front of the nest, slowing as soon as he came with-
in view of the female. The male did not always completely
circle the shell, but sometimes swam around to a point
where he was no longer readily visible to the female, then
turned and swam the other way. The female was usually
attentive to the male's displays and would continually
position herself so that she wouid have optimum view of

his display. The male eventually entered the nest.

10
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Occasionally a newly introduced female entered the
nest before the male had even approached her. When this
occurred, the male would make a few circles around the
shell, give a few head-~shakes, and then enter the shell.
Certain elements of the male's courtship display were
always observed i.e. the over-all color change, erection
of the dorsal fin, and head-~shakes. Other aspects of court-
ship such as circling the.female, herding her, circling

the nest, and nipping occurred frequently but not always.

Spawning

Spawning usually took place within 10 minutes of the
introduction of a gravid female into the tank of a ripe
male and often lasted for three hours or more. During
spawning the male and female maintained close body contact
in their trunk region. Both animals faced in the same
direction and kept their bodies parallel to each other,

The male laterally pushed the female ground in the nest,
occassionally and accidentally out of the nest. The female
deposited eggs on bofh upper and lower valves of the clam
shell, after which she either voluntarily left the shell

or was pushed out by the male. The female did not return
to the shell; the male remained with the eggs.

If another gravid female was placed in a tank contain-
ing an isolated, egg-guarding male, the male courted the
female which then laid her eggs beside the eggs already
present in the shell.



EXPERIMENTAL DESIGN AND RESULTS

To détermine if a pheromone is produced, striped
blennies were isolated in tanks equipped so that test
water introduced at either end formed a concentration
gradiént. Differgnt kinds of test water were intro-
duced into either end of a tank and the resident fish's
reaction was recorded.

Specimens of Chasmodes bosquianus were collected

from oyster trays, shell bags, and empty beer cans in
shallow water of the York River near Gloucester Pcint,
Virginisa.

The spswning period in the Chesapeske Bay region
has been reported to extend from April through August
(Hildebrand & Schroeder 1928). The present study was
begun in late'May and continued through September 3,

Twelve sexusally ripe malés were isolated in sep-
arate 10 gallon tanks which had three opaque sides to
prevent the resident animal from viewing fishes in
neighboring aquaria. A male was considered to be sex-
ually ripe if he courted gravid females. One of the
12 males served as a control. Each tank contained an
airstone and an empty clam shell which had the hinge

secured with rubber cement to prevent collapse during

12



13
the experiment. The shell, centrally placed, served as
a nest and shelter.

Aquaria were supplied with running estuarine water
which entered both ends through a polyethylene fuﬂnel
located several centimeters above the water sdrface. Both
the estuarine water and the stimulus test water were in-
troduced through the polyethylene funnel.

The stimulus test water was introduced from a sepa-
ratory funnel at the rate of about 1 ml/sec (Fig. 1).
During the £esting of a water type, one of the.séparatory
funnels contained the stimulus water while the other fun-
nel contained estuarine water. Temperature differences
between the test water, the control water, and the estu-
arine water did not exceed 0.5 C. The totasl inflow to
each tank was maintained at 10 ml/sec or 5 ml/sec per
line by Hoffman clamps. The total outflow was maintained.
at 10 ml/sec by a constant-level siphon which kept the
water level at 18 cm from the tank bottom (Breder 1969).
The siphon over-flow was located about 5 cm from the
bottom near the middle of the back wall of the tank. The
flushing time was about 31 minutes for each tank. Pre-
liminary tests with vegetable dyes demonstrated that con-
centration gradients were formed at each end of the tanks.

A trisl for an individual male consisted of a 2.5
minute "control observation period" and a 2.5 minute '"test
observation period". The test water, which flowed for

three minutes, was introduced into the tank at the end



of the "control observation period". The "test observa-
tion period" began 30 seconds after the test water started
flowing into the tank,

During the control and test observation periods, the
position and sctivity of the resident animal was recorded
at one second intervals. The time that an individual spent
out of its shelter, which was located in the center of the
tank, was divided into'f§ur categories ---- 1. touching
bottom in the nonstimulus half of the tank, 2. _ swimming
(not touching bottom) in the nonstimulus half of the tank,
3. touching bottom in the stimulus half of the tank,

L. swirmming in the stimulus half of the tank. The cate-
gories were weighted one through four respectively. A
total score for esach observation period consisted of the
sum of the number of seconds of each activity multiplied'
by its weight. The scores from the 'test observation peri-
ocd" were checked for significant difference from the "con-
trol cbservation'" scores by the Wilcoxon matched-pairs
signed-ranks test (Siegel 1956). In order to determine
whether the test watér was an attractant or repellent,

the number of seconds of each activity during each "con-
trol observation period" was subtracted from that of each
corresponding activity during the "test observation period".
Values for the time spent on the bottom and for the time
spent "swimming" were surmed for the two halves of the

tank for each test, and then compared by the Wilcoxon

matched-pairs signed-ranks test.

1y
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A trisl for an individual female was essentially the
same as a trial for a male except that it was necessary
to lengthen both the "control observation period" and the
"test observation périod" to 3.5 minutes each for the
female trials, since the females were more reluctant to
leave the-shell.

The striped blennies were fed deily on small pieces
of clams and oysters. The food was always placed in the
center of the tank in order to avcid conditioning a pre-

ference for either end.

Experiment I: In order to determine the validity of the
test conditions, clem Juice was presented four times to

each of the 11 iseclated meles. Clam julce was also pre-

sented four times to each of three randomly chosen females,

The male and female controls were tested with estuarine
water. The fish were not fed during the four days prior
to testing with clam Juice.

Both males'and females significently reacted and-
were significantly attracted to the clam juice (Tables
1-5). The controls as in all subsequent tests showed no

significant reactions to the estuarine water.

Experiment II: The first test series consisted of pre-
senting isolated ripe males with the following six water
"types: 1. male water --- water drawn from the tank of

an isolated ripe male, 2. female water =--- water drawn

16



from the tank of an isolated gravid female. The three
following water types were‘obtained by introducing a
gravid female into the tank of an isolated ripe male.
Water was then drawn from the tank and characterized
according to the behavior of the male at that time

--- 3, no courtship water (male not courting), L. court-
ship water (60 seconds after the male had initiasted the
head~shake display), 5. mating water (water drawn from

a tank at least 50 minutes after oviposition had begun),
6. estuarine water. Water types were drawn from the
constant-level siphon outlet to avoid disturbing the ani-
mal(s).

Both courtship water and mating water were presented
seven times to each of the 11 isolated males. Each of
the other water types was presented four times to svery
male. The control was always tested with estuarine water.
In each test series, the individual tested, the order of
presentation of the water types, and the end of the tank
in which the fest water was introduced, were chosen from
a table of random numbers (Beyer 1966).

At least one hour elapsed between tests run on the
same individual. This delay insured that the tank was
completely flushed of the previous water type.

None of the 11 ripe males reacted significantly to

any of the six water types (TableQS).

Experiment III: A series of tests was run ﬁo determine

17
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if gravid females would react to any of the six water types.
Eleven gravid females were isolated in separate tanks one
week prior to testing. For each trial, the individual test-
ed, the order of presentation of the water types, and the
end of the tank in which the stimulus- was to be introduced,
were randémly chosen. Both courtship water and estuarine
water were presented seven times to each of 10 gravid females
and the four other water fypes were presented five times.

The control was always tested with estuarine waper.

The ten gravid females showed a significant reaction
and attraction only to courtship water (Tables 5-7); Soon
after the introduction of the courtship water, the female
extended her head from the shell and faced the stimulus-
end of the tank. She usually made several false starts
out of the nest, i.,e. she started to dart out of the shell,
but then abruptly checked the movement and moved further
back in the shell. Eventually she darted out of the shell,

but quickly returned.

Experiment IV: A series of tests was run to determine if
gravid females, which had been allowed to spawn, would still
react to a water type which prior to spawning had evoked
responses. Four females were randomly selected from the 10
gravid test females. Each of the four females and the control
female was placed in a tank which contained an isolated ripe
male, The animals were allowed to spawn. One hour after

spawning had begun, the female was removed and returned to



her tank. The remainder of the test day was divided into
four 90 minute intervals. During each interval each of
the four females was preseﬁted with courtship water. The
control female was tested with estuarine water. During
each interval, the individual tested and the end of the
tank in which the stimulus was introduced were randomly
chosen. Part of the day following spawning was divided
into seven consecutive 60 minute intervals. During each
interval, each of the four females was tested with court-
ship water. The control female was tésted with estuarine
water.

Females tested on the day they spawned, showed no
significant reaction to courtship water. Females which
were presented with courtship water cn the day following
spawning showed a significant resction and attraction to

the stimulus water (Table 5).

Experiment V: A series of tests was.conducted to determine
if the activé substance of a stimulative water type retain-
ed its effectiveness after héving been stored for a period
of 2l hours. Courtship water was stored in polypropylene
bottles for 2l hours at. the ambient water temperature
(approximately 78 F).

Four females randomly chosen from the 10 gravid test
females were tested with the stored water. The control
female was tested with estuarine water that had been stored

2ly hours in polypropylene bottles. The four test females
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and the control female were tested during a period of one
hour., Each of the test females was tested a-total of four
times over a period of four days with courtship water which
had been stored 24 lours.

The test females showed no significant reaction to
courtship-water thch had been stored 2L hours. Females
tested with the same courtship water before it had been

stored, showed significant reactions (Table 5).

Experiment VI: Tests were conducted to deterﬁiné if ol-
faction was used in detecting the pheromone. Attempts
were made to destroy the nasal epithelium of each of the
10 test females and the control by inserting a hot probe
into the Incurrent and excurrent nares of each animal.
The chemical stimuli which previously had elicited react-
ions from uncauterized females, were then presented to
the 10 anosmic females. The anosmic control was tested
with estuarine water. Each cauterized female was exposed
to the stimulus'water type for four triaels. The nasal
epithelia of the 10 test animals and the control were
examined for signs of regeneration.

None of the anosmic females showed a significant
reaction to the courtship water. Examination of the ol-
factory chambers revealed that cauterization had produced
scar tissue which had completely sealed both the incurrent
and excurrent nares of four tesﬁ females and the control.

Pigment was present in only the innermost part of the nasal
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chamber of these females. The incurrent nares of three
females were plugged with scar tissue but the excurrent
nares were not sealed. The incurrent and excurrent nares
were plugged on only one side of the head of two females.
None of the nares of one female were sealed.

Two males were cauterized. The following day a
grevid female was presented to each of the anosmic males,

The sanosmic males still showed vigorous courtship.



DISCUSSION

At some time during the courtship display the male
releases a pheromone which acts as an attractant to gravid
females. The release of the pheromonse is not necessarily
coincident with the head-shake display and might be inter-
mittent. In view of the existence of a heterosexuel ter-
ritorial system, & sexual pheromone which serves as an
attractant could be of considerable value in bringing the
two sexes together or in temporarily keeping them together.

Males of Chasmodes bosquiasnus, after having spawned,

spend most of their time in the shell guarding their eggs.
Several femeales may spawn their eggs in the nest of one
male. Perhaps the pheromone attracts gravid females to
the nest of an egg-guarding male as in the case of

Blennius pavo (Kleerekoper 1969). The pheromone may increase

the female's appetitive or searching behavior. The phero-
mone may exert stronger influence after the male and
female have come in visual contact and may then reduce

the female's tendency toward flight, thereby keeping her
near the male until the appropriate releasing stimuli
either further maintain the pair or initiate courtship
behavior. The active substance of the pheromone is short-

lived. A short-lived pheromone would have the advantage

22



of reducing the "chemical noise" in the environment.

Since females of C. bosguianus do not release all of

their eggs at one spawning, it was not surprisinglto find
that females wefe séill attracted to the pherqmone‘when
tested the day after spawning. It is possible that the
stress of being transferred from one tank to anotﬁer on
the day of spawning precluded response to the pheromone
on that day. It is also possible that the internal con-
ditions of the female are no 1ongér "primed" just after
spawning.

Cauterization of four females indicated that olfac-
tion is used in detecting the pheromone. The stress of
cauterization may have been responsible for the negative
results, but this seems unlikely in view of the fact that
the stress of cauterization in no way impared the court-

ship behavior of anosmic males,.
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TABLE §
Surmary of probabilities (P) obtained by
the Wilcoxon matched-pairs signed-ranks

test for the six experimehts.

Experiment P

resction attraction

I males < 0,001 <0.,001

females 0.002 0.002

II male water 0.37, = eeme-

female water 0.19p, = eee-a

no courtship water 0.289  ac--o

ccurtshir water 0.234  emeea

mating water 0,166 ————

estuarine water 0.14) —————

111 male water 0.161 =0 @—eea-

' female water 0.392 = ee-a-

no courtship water | o7 00000 ee=e-

courtship water <0,001 0.021

mating water 090 eeea-

estuarine water 0.201 00 eeea-

Iv day of spawning + eeea-

day after spawning <0.001 0.006

v fresh courtship water -0.009 0.046

stored courtship water 0.368

VI gnosmic females 0.288

+ n too smell for computaticn
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SUMMARY

Ripe males of Chasmodes bosquianus release a sexual
pheromone during courtship. The pheromone acts as an

attractant to gravid females.,

Females tested 2l hours after spawning still signif-

icantly respond to the pheromone.
Females detect the pheromone by olfaction.

The "active substance" of the pheromone appears to be
short-lived. Females showed no significant response

to courtship water which had been stored in polypropyl-
ene bottles for 244 hours at the ambient water temper-

ature,
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