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ABSTRACT: Blennius (Salaria) pavo is a very common coastal fish in the Mediterranean Sea. The 
development of the ovary was studied over a period of one year; seven stages of oogenesis are 
described. Ripe eggs are carried during the spawning season from Juni to August. The ovary shows 
a resting period of more than half a year (September to March). Environmental factors of the study 
area such as surface water temperature and daylengfh are described as well as the condition factors 
of male and female fish. Observations on food and behaviour during the winter months are also 
included. 

I N T R O D U C T I O N  

T h e  N o r t h e r n  Adr i a t i c  S e a  is a v e r y  s h a l l o w  par t  of the  M e d i t e r r a n e a n .  The  
s h a l l o w n e s s  c a u s e s  r e l a t i v e l y  l o w  w a t e r  t e m p e r a t u r e  d u r i n g  w i n t e r  t ime.  The  t idal  

d i f f e r e n c e  c a n  e x c e e d  100 cm (Stravis i  e t  al.,  1981). Sa l in i ty  is abou t  37 %0; h o w e v e r  

h e a v y  ra in ,  s w e l l i n g  t h e  b rooks  w h i c h  e n t e r  t h e  N o r t h e r n  Adr ia t i c  Sea,  m a y  cause  a 
r a p i d  d e c r e a s e  of t h e  s a l i n i t y  of su r f ace  wate r .  

Blennius pavo is a v e r y  c o m m o n  f ish  spec i e s  in  the  l i t toral  a reas  of the  Med i t e r r a -  

n e a n  S e a  (F ishe lson ,  1963; Pa tzner ,  in  p repara t ion) .  Unt i l  n o w  g o n a d a l  cycles  of b l e n n i i d  

f ish h a v e  b e e n  d e s c r i b e d  for two  At l an t i c  spec i e s  only,  Blennius pholis (Shac ldey  

& King,  1977a; D u n n e ,  1977) a n d  B. galerita (Fives,  1980). P rev ious  l abora to ry  exper i -  

m e n t s  h a v e  c o n f i r m e d  tha t  w a t e r  t e m p e r a t u r e  a n d  d a y l e n g t h  a re  t he  con t ro l l ing  factors  

of g o n a d a l  r i p e n i n g  in  B. pavo (Papi t sch  e t  al., 1982). O n l y  v e r y  f e w  obse rva t ions  exis t  on  

B. pavo d u r i n g  t h e  w i n t e r  (Kotrschal ,  1982) a n d  n o t h i n g  is k n o w n  abou t  t he  f e e d i n g  
e c o l o g y  for th is  t i m e  of t he  year .  

Th is  p a p e r  is t h e  first of a se r ies  w h i c h  d e a l  w i t h  t he  r e p r o d u c t i o n  of B. pavo. 

M A T E R I A L  A N D  M E T H O D S  

A b o u t  e v e r y  four  w e e k s  f rom Apr i l  1981 to J u n e  1982 and  e v e r y  six w e e k s  dur ing  

w i n t e r  t ime ,  f e m a l e  Blennius pavo w e r e  c a u g h t  in  the  ha rbou r  of the  M a r i n e  Bio logica l  
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Fig, 1. Map of the study area. Arrow in insert indicates the Marine Biological Station oI Aurisina, 
situated between Trieste (TS) and Monfalcone (MF) 

Station of Aur is ina  (University of Trieste), s i tuated be tween  Trieste and Monfalcone 
(Fig. 1). The harbour  is qui te  small  (20 × 60 m) and  not seriously polluted. In its stone 
walls  there are m a n y  clefts and  holes. The animals  are found from the water  l ine down to 
about  1 m below the mid-water  line. Males stay in their  cavities even  if the ent rance  to 
the hole becomes dry dur ing  l o w  water. At extremely low tides several female and  
juveni le  B. p a v o  were found below stones without any  water. 

The animals  were captured in  plexi-glass traps ba i ted  with crushed IVIytilus. During 
the winter  t ime w h e n  it was not possible to catch the fish in  traps, Qu ina ld ine  (Fluka) 
di luted in  Acetone 1 : 10 was used to anaesthet ize  the animals  slightly and  catch them by 
hand  nets. 

After anaes thet iz ing them with 0.2 % MS 222 (Sandoz) in  sea water  the fish were 
measured  to the nearest  mi l l imeter  (total and  s tandard  length) and  we ighed  to the 
nearest  0.01 g. The c o n d i t i o n  f a c t o r  was calculated as body weight  × t00 
× s tandard length  -3. The per i toneal  cavity was opened  and  the total an imal  fixed in  
Bouin's  fluid. After removing the intestine,  the geni ta l  papi l la  and the ovary, the latter 
was weighed  to the nearest  0.0001 g to calculate the g o n a d o s o m a t i c  i n d e x  
(GSI = gonad weight  x 100 x body weight-i). After dehydrat ion in alcohol and  
embedd ing  in  paraffin, 7 ~tm thick cross sections of the geni ta l  papi l la  were s ta ined with 
haematoxyl in  and  eosin (H. E.) or Azan (Heidenhain).  

The in tes t inal  contents  of the animals  caught in  winter  were s tudied unde r  a 
dissect ing and  a l ight  microscope. Thereby, the contents  of the whole in tes t ine  were 
examined.  The percentage  composition was analyzed by the point  and the occurrence  

method (Hynes, 1950). 
The age of large animals  was determined by examin ing  the sagittal otoliths. They 

were removed before fixation of the animals  and  brought  over absolute e thanol  into 
winter  green oil to make  them transparent.  



Reproduct ion of Blennius  pavo 107 

RESULTS 

H a b i t a t  a n d  a n i m a l s  

A d iag ram showing  the day leng th  in the reg ion  of Trieste  and the wate r  tempera-  

ture dur ing the year  w h e n  the observat ions were  made  is g iven  in Figure  2. From 

January  to the midd le  of March  w h e n  the water  t empera ture  was be low 10 °C, most 
Blennius  pavo stayed in holes or clefts. Somet imes  s ingle  females  were  seen outside the 

holes  among  the algae.  At that  t ime of the year  it was not possible  to catch any Blennius  

indiv iduals  by ba i ted  traps. 

The  l e n g t h / w e i g h t  re la t ionship  or condit ion factor (CF) shows two peaks  wi th in  the 

annual  cycle (Fig. 3). The  first one  is at the start of the spawning  season at the beg inn ing  
of June.  After that  the CF decreases  unti l  the midd le  of September .  The next  p e a k  occurs 

in October.  Prom there  on, dur ing the  winter  months  unti l  March, a p e r m a n e n t  decrease  
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Fig. 2. Surface water temperature (°C) at Aurisina in the studied year, and daylength (h) in the 

region of Trieste. Data of the daylength from Amiran & Schick (1961) 
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Fig. 3. Condit ion factors (CF) of male  (continuous line) and  female (dotted line) Blennius pavo in  the 
course of one year (observation period: 1981-1982). Vertical bars represent  s tandard errors 
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Fig. 4. Composi t ion of the  winter  diet  in  Blennius pavo after the  point  method  (left) and  the  
occurrence method (right) respectively. I = sedentary fauna, II = large vagi le  fauna, I I I=  small  

vagite  fauna, IV = algae, V = detritus 

c a n  b e  o b s e r v e d .  A t  t h a t  t i m e  t h e  C F  r e a c h e s  i t s  l o w e s t  p o i n t  i n  t h e  yea r .  F r o m  M a r c h  o n  

t h e r e  is  a s t r o n g  i n c r e a s e  l a s t i n g  u n t i l  t h e  s p a w n i n g  s e a s o n .  

T h e  l a r g e s t  m a l e  B. p a v o  c a u g h t  h a d  a t o t a l  l e n g t h  of 140 m m ,  a s t a n d a r d  l e n g t h  of 

124 m m  a n d  a w e i g h t  of 23.47 g. T h e  l a r g e s t  f e m a l e  h a d  a t o t a l  l e n g t h  of 131 ram,  a 

s t a n d a r d  l e n g t h  of 114 m m  a n d  a w e i g h t  of 20.81 g. B o t h  a n i m a l s  w e r e  c a u g h t  i n  May ,  

1981 a n d  w e r e  8 y e a r s  of age .  

I n v e s t i g a t i o n s  of t h e  g u t  c o n t e n t s  of 19 a n i m a l s  c a u g h t  in  w i n t e r  s h o w e d  t h a t  8 

a n i m a l s  (42 %) h a d  a c o m p l e t e l y  e m p t y  i n t e s t i n e .  In  o n l y  o n e  f i sh  w a s  t h e  g u t  m o r e  t h a n  

h a l f  f i l l ed  t h e  r e s t  c o n t a i n e d  o n l y  a f e w  i t ems .  In to t a l  o n l y  12 % of t h e  i n t e s t i n e  w a s  
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filled. The results of the point  and  the occurrence method are shown in  Figure 4. The 
point  method is an  est imated volumetr ic  method and the occurrence method shows the 
occurrence of food i tems in  the gut. 

O v a r y  

The deve lopment  of the oocytes in  the ovary of B l e n n i u s  p a v o  can be divided into 
seven stages: 

S t a g e I : Smaller  t han  30 ~m. Oogonia.  Mostly s ingular  and  sometimes in  small  
groups in  the germina l  ep i the l ium sur round ing  accumulat ions  of developing  oocytes. No 
nucleol i  are visible wi th in  the nucleus.  The nucleus  is large compared with the size of 
the cell. The cytoplasm appears  dark in  H. E. s ta ined sections (Fig. 7a, b, c, d). Oogonia  
are found in  the ovary throughout  the whole  year (Fig. 5), Stage I corresponds to Stage 1 
from Sbackley & King (1977b) in  B l e n n i u s  phol is .  

iiii~i~ii~i!i~i~!~ii!i~i~iii~!iiiiiiiiiiii~i~!~!!!!i!i!iiiiii~i~i~i~ii!~i!!!!~!!!!!!i!!!i!!~!!!!!~!~!!!i~i~i~iiiiiiiiiiiiii!ii 
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Spawning 
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Fig. 5. Distribution of oocytes (Stage I to Stage VII) in the ovary of Blennius pavo in the course of one 

year 

S t a g e I I : Diameter  up to roughly  100 ~m. The oocytes are a l ready surrounded by 
a thin layer of follicular epi thel ium.  The round bubb le - shaped  nuc leus  is s i tuated in  the 
middle  of the cell. In s ta ined  sections the cytoplasm appears  as dark as in  Stage I (Fig. 7a, 
b, c, d, f). Stage II oocytes are present  throughout  the year  (Fig. 5) and  correspond to early 
Stage 2 from Shackley & King (1977b). 

S t a g e I I I : Diameter  up to about  140 ~m. In H. E. s ta ined mater ia l  they can easily 
be  d is t inguished from oocytes of Stage II: the cytoplasm appears  much lighter. No 
structure in  the cytoplasm is visible.  The nucleus  lies in  the middle  of the cell, with 
several  nucleol i  at the outer margin.  At one pole of the oocyte the adheren t  disc with the 
later  f i laments  beg ins  to develope (Fig. 7a. b, c, d). Stage III oocytes are present  
throughout  the whole  of the reproduct ive cycle (Fig. 5) and  correspond to late Stage 2 
and  early Stage 3 from Shackley & King (1977b). 
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Fig. 6. G o n a d o s o m a t i c  i n d i c e s  (GSI) of f e m a l e  Blenniuspavoin the  course  of o n e  year ,  Vert ica l  bars  

represent  s tandard errors 

S t a g e I V : Oocytes with a d iameter  up to 230 [~m. They are only present  in the 
ovary from March to August  (Fig. 5). A few vacuoles (~  cortical alveoli, "Rinden-  
vakuolen"  see Arndt, 1960) can be seen wi th in  the cytoplasm. The pole with the 
adheren t  disc can already be well  d is t inguished (Fig. 7c). The cytoplasm appears  light. 
Stage IV oocytes correspond to late Stage 3 from Shack]ey & King (1977b). 

S t a g e V : Oocytes with a d iameter  up to about 400 [~m. They are present  in  the 
ovary from April to August  (Fig. 5). The cytoplasm is near ly  filled with cortical alveoli. 
The round nucleus  is s i tuated more or less in  the middle  of the cell. The nucleol i  are not 
only at the outer marg in  but  are spread all over the nucleus.  The adherent  disc is 35 to 
40 fire thick (Fig. 7d, f). Stage V oocytes correspond to late Stage 4 and  Stage 5 from 
Shackley & King (1977b). 

S t a g e V I : Oocytes with a d iameter  up to about  800 [~m. This stage is found in  the 
ovary from late May to August  (Fig. 5). The cytoplasm is completely  filled with yolk 
granules.  The nuc leus  is s i tuated in  the middle  of the cell and  contains various nucleoli .  
The nucleol i  are more or less concentra ted in  the middle  of the nucleus,  l eav ing  the outer 
marg in  free. The adheren t  disc is about  40 [~m thick (Fig. 7f). Stage VI oocytes corres- 
pond  to Stage 7 and  Stage 8 from Shackley & King (1977b). 

S t a g e V I I : Ripe eggs with a diameter  of about 1200 [~m. They are present  in  the 
ovary only dur ing the spawning  season from June  to August  (Fig. 5). The cytoplasm is 
completely filled with large yolk platelets  (Fig. 7e, f). The nuc leus  appears  very l ight  in  
H.E.  s ta ined sections. No nucleol i  were observed wi th in  the nucleus.  A deta i led  
description of the ripe egg will  be  g iven  (Patzner, in  preparation).  

In September,  after the end  of the spawning  season, the GSI of the female B. pavo 
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Fig. 7. Sections of ovaries of Blennius  pavo (scale: 200 gin). For description of stages of oocytes see 
text. (a) September, Stages I to ItI, atretic follicles (asterisks). (b) December, Stages I to III. (c) March, 
Stages I to IV. (d) Early May, Stages I to ItI, and V; note adherent disc in Stage V. (e) June, ripe eggs, 

yolk platelets and adherent disc. (f) June, Stages II, V, VI, VII 
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reaches its m i n i m u m  with 0.44 _+ 0.11 (mean +_ s tandard  error) (Pig. 6). In the ovary one 
can f ind several ruptured  and  atretic follicles as wel l  as oogonia and  oocytes of Stage II 
and  Stage III (Pig. 7a). The only change  wi th in  the next  month  is that in  October  no more 
ruptured  and  no more atretic follicles are found in  the ovary. The GSI is near ly  the same 
(0.53 ± 0.04). During the winter ,  from November  to Pebruary,  no changes  in  the ovary 
can be observed (Pig. 7b). The GSI increases very sl ightly to 0.79 ± 0.06 at the end  of 
January  (Pig. 6). 

In the middle  of March the GSI is at 0.79 _+ 0.16 still the same as two months  before 
(Pig. 6) bu t  the oocytes have al ready started their further growth. At that  t ime of the year, 
w h e n  the water tempera ture  is still below 10 °C, the oocytes have reached Stage IV 
(Pig. 7c). At the end  of April  and  the b e g i n n i n g  of May, when  the water  tempera ture  is 
already above 13 °C, the GSI has increased to twice its value, i. e. to 1.61 A 0.15. 
Histological  sections of the ovary show all oocyte stages from I to V (Pigs 5, 7d). Dur ing  
May there is an enormous increase of the GSI of the female B. payo. With the b e g i n n i n g  
of Juni,  when  the water  temperature  is h igher  than 18 °C, the GSI reaches its ma x i mum 
with 8.99 _ 1.08 (Fig. 6). At that t ime the ovary is near ly  filled with oocytes of Stage VI 
and Stage VII (Pig. 7e, f). The rest is filled with Stages I to V and  already ovulated 
follicles, ind ica t ing  that  the first spawning  has a l ready taken  place. 

The spawning  season of B. pavo lasts from the b e g i n n i n g  of June  to about  the middle  
of August.  During that t ime a regular  decrease of the GSI of the ovary, caused by the 
repeated spawning  of females,  can be observed. The ruptured follicle left after discharge 
of the ripe egg obviously does not form a corpus luteum. It shrinks rather quickly and  
disappears.  No histological changes  can be seen wi th in  the ovary dur ing  the spawn ing  
season. There is no visible  increase in  the n u m b e r  of ovulated follicles. All stages of 
oocytes can still be  observed in  the middle  of August.  

No histological changes  were found in  the region of the geni ta l  papi l la  and  the 
geni ta l  pore of female B. pavo  throughout  the reproductive cycle. 

DISCUSSION 

Invest igat ions of the ovary of Blennius  pavo showed a regular  a n n u a l  reproduct ive 
cycle. As the l ight-dark per iod and  water  temperature  are the control l ing factors of the 
gonadal  r ipen ing  (Papitsch et al., 1982), special  a t tent ion was g iven  to these circum- 
stances in  the study area of the Northern Adriatic Sea. The period before spawn ing  is 
characterized by an  increase  of both water  temperature  and  day length  (Pig. 2). 

B. pavo is a true euryha l ine  species which can live in  sal ini t ies  down to 22 %o S 
(Gibson, 1969; Zander,  1972). There  is no reason to assume that slight changes  of sal ini ty 
could inf luence  the reproduct ive cycle of these fish, because  heavy rainfall  can occur in 
the study area all through the year. Therefore no special considerat ion was g iven to this 
question. 

The condit ion factor (CF) reaches its first max imum at the b e g i n n i n g  of the spawn-  
ing  season, especial ly in  males.  Male B. pavo take parenta l  care of the eggs and  usual ly  
stay in  their  cavities dur ing  the whole  of the spawning  season (Eggert, 1932; Fishelson, 
19631 Wirtz, 1977), whereas  the females move around freely. Therefore, the males do not 
have much opportuni ty to obta in  food dur ing  spawning  and  have to ga in  weight  before 
that. After spawning,  the decrease of the CF lasts only for a short time. The fish then  feed 
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a lot to get through the relat ively cold winter  season, w h e n  they move and  feed only 
little. B. pavo, kept  in  aquar ia  at a water  temperature  of 8 °C, hardly took any food 
(Patzner & Papitsch, u n p u b l i s h e d  observation).  

The results of the studies of the gut  content  correlate very wel l  with those of the 
condi t ion factor. It is shown that  win te r  an imals  take very little food. A comparison with 
B. pavo, s tudied in  late spr ing and  in  summer  showed quite a different content  ot the gut  
(Gibson, 19681 Kotrschal & Goldschmid,  1982). The latter authors found the following 
contents of the intes t ines  of 10 B. pavo by the point  method: algae 12 % (69 %), 
sedentary  fauna  1% (3 %), large vagi le  fauna  60 % (6 %), small  vagi le  fauna  2 % {7 %), 
and  detri tus 26 % (14 %). The number s  in parenthes is  show my own results from the 
winter  an imals  in  the present  paper.  The m a i n  food in  winter  consists of algae, in  
summer  of large vagi le  fauna  l ike crustaceans and  polychaetes.  

The ovary of B. pavo  shows a considerably  long rest ing phase compared to other fish 
(Barr, 1963~ Braekevelt  & McMillan,  19671 Hoar, 1969, and  others) and  even  compared to 
other b lennies ,  B. pholis  (Shackley & King, 1977a~ Dunne,  1977} and  B. galerita (Fives, 
1980), both from the Atlantic. Gonada l  cycles of Medi te r ranean  species of Blennius have 
not b e e n  inves t iga ted  so far. On ly  few fishes are know n  to have such a long ovarial 
rest ing phase {e.g. Kuo & Nash, 1979). 

The oogenesis  of B. pavo  is s imilar  to that of other teleost fishes (Bara, 19601 G6tting, 
1961; Barr, 1963; Shackley & King, 1977b, and  others). The present  inves t iga t ion  shows 
that in  September,  w h e n  the spawn ing  season is over, several  atretic follicles were  found 
in  the ovary. This observat ion demonstrates  that eggs which are not spawned  are 
absorbed rapidly. 

Fishelson (1963) describes the urogeni ta l  papi l la  of B. pavo dur ing  the b reed ing  
season as conspicuously red. This, however,  could ne i ther  be observed in nature,  nor in  
the aqua r ium (Patzner & Papitsch, in  preparation).  No histological  changes,  such as an  
increase  of blood vessels, could be found. 
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