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Summary. The effect of melatonin treatment on lipid deposition in Fundulus similis and 
Cyprinodon variegatus was examined. Melatonin administration stimulates depletion of lipids 
in Fundulus and Cyprinodon acclimated to a long photoperiod; the action of this indolamine 
on l~pid metabolism is independent of injection time in tfundulus, bug not in Cyprinodon. 
Treatment of s with melatonin also causes a decrease in body fat in May when ani- 
mals are maintained on a short photoperiod. However, an increase in lipids was observed in 
Fundulus acclimated to a short photoperiod in July and treated with melatonin. These data 
suggest that the effects of melatonin on lipid deposition may depend on season and photo- 
period conditions. Pituitary prolactin activity is reduced in Fundulus treated with rnelatonin. 
The possibility that prolactin mediates the effects of melatonin on lipid metabolism is 
discussed. 

Introduction 

In  most aquatic environments in the north temperate  latitudes food availa- 
bility varies seasonally and annual cycles of growth, reproduction and fattening 
are normally observed in fishes. Annual cycles of fattening in teleost fishes fre- 
quently show a negative relationship to gonadal cycles (e.g., Nikolsky, 1963; 
Lasker, 1970; de Vlaming, 1971). Environmental  factors such as temperature  
and photoperiod are used as cues to maintain annual reproductive cycles in fishes 
(for review see, deVlaming, 1972), but little is known about environmental control 
of fattening cycles. 

The role of the endocrine system in regulating lipid metabolism in teleosts 
has received little attention. Meier and his co-workers (Lee and Meier, 1967; 
Meier, 1969; Joseph and Meier, 1971; Meier et al., 1971) have shown tha t  mam- 
malian prolaetin has a marked affect on lipid deposition in Fundulus grandi8 
and F. chrysotus. More specifically, there is a diurnal variation in the lipogenie 
response to prolactin; injections given early in the photoperiod cause lipid cata- 
bolism whereas injections given later in the photoperiod stimulate fat  deposition. 
This diurnal lipogenic response to mammalian prolactin has been verified in 
F. ]cansae (Mehrle and Fleming, 1970), F. similis and Cyprinodon variegatus 
(deVlaming and Sage, 1972). Recent data obtained in our laboratories suggest 
that  fish prolactin also affects lipid metabolism, tha t  fattening is controlled by 
photoperiod and tha t  there is a diurnal rhy thm in pi tui tary prolactin activity in 
F. similis (Sage and de Vlaming, 1973). Evidence is also available which implies 
tha t  prolactin secretion varies seasonally in Gasterosteus aculeatus and is regulated 



310 V.L. deVlaming et al. 

by photoperiod changes (Lain and Hoar, 1967; Lain and Leatherland, 1969). 
The translation of photoperiod information into prolactin secretion is not presently 
understood. 

The mammalian pineal is presently viewed as a gland of internal secretion; 
photosensitivity of the pineal's biochemical rhythms, coupled with the photo- 
dependency of effects of pinealectomy has led many investigators to infer that  
the pineal acts as a neuroendocrine transducer of photoperiod information for 
endocrine and physiological timing (for review see, Reiter, 1973). A large body 
of evidence has accumulated which suggests that  the active pineal principle(s) 
in mammals may be one or more of the biogenie amines synthesized by the gland 
(e.g., Ant6n-Tay, 1971; Fraschini et al., 1971). Two of these indolamines, mela- 
tonin and serotonin, increase plasma prolactin in rats (Kamberi et al., 1971). 
Furthermore, Donofrio and Reiter (1972) suggested that  the pineal gland secre- 
tions decrease pituitary prolactin levels in the rat. In contrast, pinealeetomy of 
rats was reported to increase pituitary prolactin and decrease plasma prolactin 
levels (Relkin, 1972; Relkin et al., 1972). 

Several light and electron microscope studies have shown that  the sensory 
cells present in the teleost pineal are similar to the ciliary type of photosensory cells 
present in the retina of the eye (for review see, Oksche et al., 1971). Electro- 
physiological studies (for reviews see, Fenwiek, 1970 a; Oksche et al., 1971) have 
shown a light induced potential in the pineal of various teleosts. Histological 
examination of the pineal in various teleosts reveal secretory gland character- 
istics (e.g., Takahashi, 1969; Rizkalla, 1970; Hafeez, 1971). Ch6ze and Lahaye 
(1969) presented evidence for photic influence on the secretory activity in the 
pineal of Gambusia a//inis. In the glandular appearing pineal of Symphodus melops 
there is a diurnal variation in stainable granulation (Ch6ze, 1969). Furthermore, 
melatonin has been isolated from the pineal gland of teleosts (Fenwick, 1970b). 
Despite the probable role of the pineal as a transducer of environmental light 
information and the occurrence of melatonin in the epiphysis, little data is 
available linking the pineal to physiological and endocrine function in the lower 
vertebrates. 

This investigation was initiated to examine the effects of melatonin treat- 
ment on fattening in Fundulus sirnilis and Cyprinodon variegatus. In addition, 
the effect of melatonin t reatment  on pituitary prolactin activity in F. sirnilis 
was investigated. 

Materials and Methods 
The Fundulus and Cyprinodon used in these studies were obtained at various times 

during the year by seining in Corpus Christi Pass near Port Aransas, Texas. The sexually 
mature male fish used for experimental purposes were placed in 18 liter plastic aquaria 
(no more than i0 fish per aquarium) supplied with aerated sea water. All Fundulus used 
in these experiments weighed between 7.2 and 8.9 and body weight of the Cyprinodon varied 
between 3.6 and 5.1 g. These animals were acclimated to different temperature and photo- 
period regimes for various periods before beginning treatment with melatonin (see Results). 
Salinity was maintained at a constant 270/00 in all experiments to reduce the possibility of 
variation in endogenous prolactin levels. The longest daylength in Port Aransas is approxi- 
mately 13.5 hours, so we will refer to a 13 hour light, 11 hour dark (13L/lID) regime as a 
long photoperiod and IOL/14D as a short photoperiod. Fish were fed daily ad libitum on a 
commercial fish food (Tetra-Min). 
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Whether the effect of melatonin on fattening varied according to injection time was 
studied in some experiments. Ill  these experiments, fish were divided into four groups which 
served as early and late injection groups and their respective controls. The experimental 
groups received daily intraperitoneal injections of melatonin (Sigma Chemical Co.) at 2 hours 
or 8 hours after the onset of the photoperiod; controls for each group were injected with the 
vehicle (marine teleost saline) at the same time. In some experiments a group of animals 
was sacrificed on the day of collection to determine the initial level of body fatness; these 
groups will be referred to as initial controls. Comparison of experimental groups to the 
initial controls allows one to access the effects of laboratory maintenance on lipid levels, as 
well as whether hormone treatments actually cause a change in body fatness or simply 
maintain the initial condition. 

In all experiments animals were killed 24 hours after the last injection by severing the 
spinal cord. Following removal of the gonads, the animals were weighed and placed in a 
vacuum oven (65 ~ C) for 48 hours for desieation. Dried carcasses were weighed and then 
extracted in ~ solution of chloroform, ether and methanol (1 ; i : l )  for 12 days. Following 
the extraction and another drying period, the carcasses were again weighed. The difference 
in the two dry weights was t~kcn to be body lipids. In some experiments the testes were 
weighed to obtain information on gonadal activity. 

The effect of melatonin on pituitary prolactin levels was investigated in Funduius similis 
collected in January and February. Experimental conditions, a l lL/13D photoperiod at 
ambient temperature, were essentially those of the natural environment. Experiments were 
conducted in January and February using essentially the same acclimation and injection 
procedures. Experimental fish received a total of five daily injections of melatonin (5 ~g/fish) 
four hours after the onset of the photoperiod; control ~nimals received saline injections at 
the same time. Animals were sacrificed at two different times of day, either 2-3 hours or 
6-7 hours after the onset of the photoperiod. The fish were killed by decapitation, the pituitary 
dissected out and acetone dried. Pituitary prolactin was assayed by its effect in dispersing 
pigment of the xanthophores in Gillichthys mirabilis; this assay has been described in detail 
(Sage and Bern, 1972). 

Results 

A n  exper imen t  was i n i t i a t ed  in J a n u a r y  (natura l  pho tope r iod  ~ 10.5 hrs  l ight)  
wi th  F .  similis which had  been acc l imated  for nine days  to  a long (13L/ l ID)  
pho tope r iod  a t  9 ~ to  12 ~ C. One group of an imals  rece ived  15 da i ly  in ject ions  of 
3 ~g/fish of me la ton in  two hours  a f te r  the  onset  of the  l ight  phase  and  ano the r  
group was t r e a t e d  wi th  me la ton in  a t  e ight  hours af ter  the  onset  of the  l ight  phase.  
B o d y  l ipid levels were s ignif icant ly  lower in bo th  groups of me la ton in  t r e a t e d  
fish compared  to  the  respect ive  control  groups (Table 1). B o d y  l ipids d id  no t  
differ in the  two me la ton in  groups.  Tes t ieu la r  size was also s igni f icant ly  lower 
in the  me l a ton in - t r e a t cd  groups.  I n  th is  exper iment ,  as well as in the  exper iments  
r e p o r t e d  below, t r e a t m e n t  wi th  me la ton in  caused fish to  become pale.  

Ano the r  expe r imen t  was in i t i a t ed  in May  1971 (natura l  pho tope r iod  ----- 13 hrs 
l ight)  wi th  F. similis which had  been  acc l imated  for seven days  to  a 1 3 L / l l D  
pho tope r iod  a t  15.5 ~ to  18 ~ C. T r e a t m e n t  procedures  were as men t ioned  above  
excep t  t h a t  expe r imen ta l  an imals  received t en  da i ly  5 ~g/fish inject ions of mela-  
tonin.  L ip id  levels in all  four  groups  of fish decreased  compared  to  the  ini t ia l  
controls  (a sample  sacrif iced a t  the  t ime  of collection). L ip id  deple t ion  was, 
however ,  g rea te r  in the  me la ton in  t r e a t e d  groups  (Table 2). D r y  l ipid indices in 
bo th  groups  t r e a t e d  wi th  t he  indolamine  were s ignif icant ly  less t h a n  in the  
respec t ive  saline in jec ted  control  groups.  The  gonosomat ie  index was s igni f icant ly  
lower in bo th  groups receiving mela tonin .  
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Table 1. The effects of melatonin treatment in January on body lipids in male Fundulus 
similis acclimated to a long (13L/lID) photoperiod a 

Treatment n Body lipids b Gonosomatie index 

mg/g dry weight 
( 2  • S.E.) 

Wt. gonads/body wt. • 100 
(2  • S.E.) 

Saline injected 2 hrs 10 
after onset of photoperiod r 

Metatonin injected 2 hrs 7 
after onset of photoperiod c 
(3 izgflish/day) 

Saline injected 8 hrs 6 
after onset of photoperiod c 

Melatonin injected 8 hrs 8 
after onset of photoperiod c 
(3 ~g/fish/day) 

69.2 =l=2.8 4.93 •  

53.7 =[= 3.1 a 3.45 •  a 

71.8 ~ 3.9 5.13 ~0.66 

54.4 ~3 .0  a 3.06 ! 0 . 4 6  ~ 

a Temperature varied between 9 ~ and 12 o C. 
b Less gonadal lipids. 
c Animals given a total of 15 injections. 
a Significantly less (P ~ 0.05) than saline injected controls. 

Table 2. The effect of melatonin treatment in May 1971 on body lipids in male ~'undulus 
similis acclimated to a long (13L/lID) photoperiod a 

Treatment n Body lipids b Gonosomatic index 

mg/g dry weight 
(2 • S.E.) 

Wt. gonads/body wt. • 100 
(2 • S.E.) 

Initial controls 9 
(sacrificed at time 
of collection) 

Saline injected 2 hrs 8 
after onset of photoperiod e 

Melatonin injected 2 hrs 8 
after onset of photoperiod c 
(5 7g/fish/day) 

Saline injected 8 hrs 8 
after onset of photoperiod c 

Melatonin injected 8 hrs 8 
after onset of photoperiod c 
(5 ~gflish/day) 

73.9 ~3 .5  4.53 ~0.26 

56.4 ~:5.0 5.94 ~: 0.23 

43.0 ~:3.3 a 4.56 •  a 

57.6 ~:6.1 6.354-0.19 

36.7 ~4.8  d 4.37 ~: 0.27 a 

a Temperature varied between 15.5 ~ and 18 ~ C. 
b Less gonadal lipids. 
c Animals given a total of 10 injections. 
d Significantly less (P <0.01) than saline injected controls. 
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Table 3. The effect of melatonin treatment in May 1972 on body lipids in male Fundulus 
8imilis acclimated to a short (10L/14D) photoperiod a 

Treatment n Body lipids b Gonosomatic index 

mg/g dry weight 
(2 • S.E.) 

Wt. gonads/body wt. • 100 
(2 • S.E.) 

Initial controls 12 39.6 :k 1.5 5.83 :t: 0.66 
(sacrificed at time 
of collection) 

Saline injected 8 hrs 8 81.1 :L2.6 13.37 =[=0.81 
atfer onset of photoperiod e 

1VIelatonin injected 8 hrs 8 60.8-t-1.34 7.24 • 0.48 a 
after onset of photoperiod c 
(2 ~zg/fish/day) 

a Temperature varied between 17 ~ and 19 ~ C. 
b Less gonadal lipids. 
c Animals given a total of 11 injections. 
a Significantly less (P <0.001) tllan sMine injected controls. 

In  May t972 a group of F. similis was collected and acclimated for 14 days 
to a short photoperiod at  17 ~ to 19 ~ C. Body lipids were considerably lower in the 
initial controls of May 1972 than in May 1971 (Tables 2 and 3). This difference 
could be due to the warmer temperatures and the more advanced stage of gonadal 
development in 1972. Furthermore, the May 1971 sample was obtained early 
during the month, whereas the 1972 sample was obtained late in May. Experimen- 
tal animals were t reated daily with 2 ~zg of melatonin or saline for 11 days. On 
this short photoperiod body Iipids and testicular size increased in both control 
and melatonin treated groups compared to the initial controls (Table 3). Fa t  
content and testicular weight in the melatonin-treated animals were significantly 
less (P < 0.001) than in the control fish. 

The above experiments were conducted during the prespawning and spawning 
seasons. An experiment was begun in the postspawning season (July) with both 
Fundulus and Cyprinodon. Both species were acclimated for ten days to a long 
(13L/lID) photoperiod at 21.5 ~ to 24 ~ C prior to t rea tment  with melatonin. The 
Cyprinodon were divided into four groups which received eight daily injections 
of melatonin (5 ~xg/fish) or saline at  two or eight hours after the onset of the 
light phase. The Funclulus received the same number  of injections and dose at 
eight hours after the onset of the light period (Table 4)" In  both sMine injected 
Cyprinodon groups fat  levels increased compared to the initial controls, but  
decreased in the melatonin treated groups. Compared to the respective control 
groups the lipid indices in the melatonin groups were significantly lower. The group 
receiving melatonin injections early in the photoperiod had significantly lower 
(P < 0.05) fat  content than the group receiving melatonin late in the light period. 
Body fatness decreased in both the saline and melatonin injected .Fundulus 
(Table 4). Lipid levels were, however, significantly lower (P < 0.001) in the mela- 
tonin treated fish than in the control group. 
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Table 4. The effect of melatonin treatment in July on body lipids in male Fundulus similis 
and Cyprinodon variegatus acclimated to a long (13L/lID) photoperiod a 

Treatment n Body lipids b 

mg/g dry weight 
(~  • S.E.) 

Cyprinodon 
Initial controls 11 
(sacrificed at time of collection) 

Saline injected 2 hrs 6 
after onset of photoperiod c 

l~Ielatonin injected 2 hrs 5 
after onset of photoperiod c 
(5 tzg/fish/day) 

Saline injected 8 hrs 6 
after onset of photoperiod c 

Melatonin injected 8 hrs 5 
after onset of photoperiod c 
(5 ,~g/fish/day) 

Initial controls 

Saline injected 8 hrs 
after onset of photoperiod c 

Melatonin injected 8 hrs 
after onset of photoperiod c 
(5 ~g/fish/day) 

74.3 • 

84.6 • 

65.3 -[- 4.4d 

86.7 • 

73.3 ~= 1.9 d 

Fundulus 
12 62.4 • 

8 57.1 • 

10 37.7 • 1.8 a 

a Temperature varied between 21.5 ~ and 24 ~ C. 
b Less gonadal lipids. 
c Animals given a total of 8 injections. 
a Significantly less (P~0.01) than saline injected controls. 

Ano the r  group of Fundulus was col lected in J u l y  and  acc l imated  for 30 days  
to  a shor t  (10L/14D) pho toper iod  a t  22 ~ to  24 ~ C. These animals  were d iv ided  
into four  groups,  one group t r e a t e d  da i ly  wi th  5 [zg of me la ton in  ear ly  in the  l ight  
phase  for t en  days  and  ano the r  group receiving mela ton in  la te  in the  l ight  period.  
The o ther  two groups served as controls  (Table 5). I n  con t ras t  to the  resul ts  
ob ta ined  in the  o ther  exper iments ,  l ipid levels in bo th  mela ton in  t r e a t e d  groups 
were s ignif icant ly  g rea te r  ( P  ~ 0.01) t han  in the  respect ive  control  groups.  These 
d a t a  suggest  t h a t  the  effect of me la ton in  on fa t t en ing  m a y  depend  on pho toper iod  
and  season. No differences were observed in l ip id  levels in the  groups t r e a t e d  
wi th  me la ton in  ear ly  and la te  in the  l ight  period.  

Mela tonin  t r e a t m e n t  resul ted  in an  a p p r o x i m a t e l y  tenfold  reduc t ion  in pro lac t in  
a c t i v i t y  in the  p i t u i t a r y  g lands  of Fundulus similis (Table 6). This  effect was 
observed  in p i t u i t a r y  glands ob ta ined  2 -3  hours  and 6 -7  hours  a f te r  the  onset  of 
the  photoper iod .  Essen t ia l ly  ident ica l  resul ts  were ob ta ined  in the  exper iments  
in i t i a t ed  in J a n u a r y  and  F e b r u a r y .  
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Table 5. The effects of melatonin treatment in July  on body lipids in male Fundulus similis 
acclimated to a short (10L/14D) photoperiod a 

Treatment n Body lipids b 

m g/g dry weight 
(X • S.E.) 

Saline injected 2 hrs 8 
after onset of photoperiod e 

Melatonin injected 2 hrs 8 
after onset of photoperiod e 
(5 ~g/fish/day) 
Saline injected 8 hrs 8 
after onset of photoperiod c 

Melatonin injected 8 hrs 6 
after onset of photoperiod e 
(5 tzg/fish/day) 

58.3 ~3 .6  

78.3 • 

54.0 :t: 4.1 

73.5 •  a 

a Temperature varied between 22 ~ and 24 ~ C. 
b Less gonadal lipids. 
c Animals given a total of 10 injections. 
a Significantly greater (P<0.01)  than saline injected controls. 

Table 6. The effect of melatonin treatment in January on pituitary prolactin activity in 
Fundulus similis acclimated to a l lL/13D photoperiod 

Treatment n Pituitary prolactin activity 

Log units a (X•  

Saline injected controls 6 
(killed 2-3 hrs after onset of photoperiod) 

Saline injected controls 6 
(killed 6-7 hrs after onset of photoperiod) 

Combined controls 12 

Melatonin injected 5 
(killed 2-3 hrs after onset of photoperiod) 

Melatonin injected 6 
(killed 6-7 hrs after onset of photoperiod) 

Combined melatonin injected l l  

1.42 • 0.08 

1.17 ~0.20 

1,29 -4-0.11 

0 .60 i0 .27  b 

0.50 4-0.00 b 

0.55~0.11b 

a See Sage and Bern (1972). 
b Significantly less ( P <  0.01) than respective controls. 

Discussion 
The  d a t a  p r e s e n t e d  here  show t h a t  m e l a t o n i n  has  a m a r k e d  effect  on  l ip id  

depos i t i on  in  e y p r i n o d o n t i d  fish. I n  F. similis a n d  Cyprinodon variegatus mela-  
t o n i n  t r e a t m e n t  r educed  b o d y  l ipids  if a n i ma l s  were exposed  to  a long  photo-  
period.  L ip id  depos i t ion  is also r educed  if Fundulus, m a i n t a i n e d  on  a sho r t  pho to-  

22 J. comp. Physiol., Vol. 94 
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period, are administered melatonin in May, but body fats increase if animals are 
held on a short photoperiod in July and treated with melatonin. These results 
suggest that the effects of melatonin on fattening in this species may vary with 
season and photoperiod acclimation. The variation in response to melatonin in 
May and July could have been a consequence of temperature and/or dose differ- 
enees in the two experiments. Other recent investigations, however, have shown 
that the effects of pinealeetomy or melatonin treatment vary with season and 
photoperiod acclimation (Fenwick, 1970c, d; Urasaki, 1972a, b; de Vlaming et al., 
1974). I t  is of interest to note that preliminary results obtained in one of our 
laboratories (VLV) indicate that melatonin can influence lipid deposition in 
Ictalurus natalis and two species of hylid frogs. Results presented in Tables 1-3 
show that melatonin therapy can also affect gonadal development. The effects 
of melatonin on reproductive function in F. similis are discussed in more detail 
elsewhere (de Vlaming et al., 1974). 

The mechanism by which melatonin influences fat deposition is not completely 
understood. Our data do imply that melatonin treatment reduces pituitary pro- 
lactin activity in 2,. similis. Evidence is also available which shows that both 
fish and mammalian prolaetin have a pronounced effect on fat metabolism in 
2'undulus (de Vlaming and Sage, 1972). The diurnal rhythm in pituitary prolactin 
activity observed in 2,. similis (Sage and de Vlaming, 1973) suggests photoperiod 
control of synthesis or release of this hormone; such an effect could be mediated 
via the pineal. Results presented here and other unpublished data indicate that 
long photoperiods cause fat depletion in 2,. similis. If this species is treated with 
prolactin early after the onset of a long photoperiod loss of body fat is accentuated, 
whereas prolactin injections late in the light phase retard lipid depletion (de Vla- 
ming and Sage, 1972). We presented data (Sage and de Vlaming, 1973) which 
suggest that in 2'. similis prolactin is stored in the pituitary during the dark phase 
and release occurs soon after the onset of the light phase in a long photoperiod. 
Exogenous prolaetin given early during the light period apparently potentiates 
the lipid catabolic effects of endogenous prolactin released early during the light 
phase. When 2,undulus is injected with melatonin soon after the light period 
begins fat depletion is accentuated. If melatonin stimulates release of prolactin 
soon after the onset of the light phase a decrease in body fat would be expected: 
The decrease in pituitary prolactin activity following melatonin therapy does imply 
that this indolamine promotes release. Furthermore, the effects of melatonin on 
lipid metabolism in 2,undulus may be mediated, at least in part, by prolactin. 
Data are available which link melatonin with prolaetin release in mammals 
(Kamberi et al., 1971; Donofrio and Reiter, 1972). 

Circulating levels of prolaetin in 2,. similis  appear to be low during the latter 
portion of a long photoperiod light phase (Sage and de Vlaming, 1973); if these 
animals are treated with exogenous prolaetin during this time, the effects of a 
long photoperiod on lipid depletion are reversed (de Vlaming and Sage, 1972). 
If melatonin stimulates release of prolaetin during the latter portion of the light 
period one might expect fat deposition. However, our data show that Fundulus  
lose body fat when given melatonin injections eight hours after the onset of a 
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long photoperiod. The lipid depletion resulting from afternoon melatonin therapy 
could be due to a phase shift in the rhythm of pituitary prolaetin secretion. 

Short photoperiods cause fat deposition in F. similis. Our results (de Vlaming 
et al., unpublished data) imply that  prolaetin release is low during the light phase 
of a short photoperiod. Furthermore, prolactin injections given either early or late 
during the light period reverse the effects of a short photoperiod, causing a loss 
of body fats. Melatonin treatment of Fundulus collected in May and acclimated 
to a short photoperiod also resulted in fat depletion. Possibly this effect, was 
mediated by prolactin. In view of results obtained with other teleost species 
(Sage, 1972, 1973) and the effect of melatonin and prolactin on body fat, the 
decrease in pituitary prolactin activity observed in F. similis following melatonin 
therapy probably reflects an increase in prolactin release. Existing data suggest 
that  in teleost fishes prolactin cells are under inhibitory hypothalamic control 
via T y p e " B "  neurosecretory fibers (for review see, Zambrano et al., 1974). Wheth- 
er melatonin acts via this pathway or directly on the pituitary prolactin cells is 
not presently known. 

The effects of prolactin on lipid deposition in Cyprinodon variegatus also vary 
with injection time (de Vlaming and Sage, 1972). Results presented here show 
that  melatonin causes a loss of body fat in this species when the fish are main- 
tained on a long photoperiod. Injections given early during the light period, 
however, result in a more pronounced loss of fat than when melatonin is adminis- 
tered during the latter portion of the light phase. In Fundulus, melatonin in- 
jections given either two or eight hours after the onset of the light period were 
equally effective in causing f a t  depletion. The differences in responsiveness to 
melatonin in the two species may be due to dissimilar patterns of pituitary pro- 
lactin release o1" discrepant responses to photoperiod. Long photoperiods do, in 
f~ct, induce fat deposition in Cyprinodon. 

We do not wish to imply that  the effects of melatonin on fattening are medi- 
ated solely by prolactin. Indeed, other hormones (e.g., cortisol and gon0~do- 
tropins) have been implicated in the regulation of lipid metabolism in teleosts. 
Me]atonin may also influence the release of other pituitary hormones which could 
affect lipid metabolism; in fact, this indolamine apparently has an effect on release 
of gonadotropin in Fundulus (de Vlaming et al., 1974). I t  is alSo possible, although 
in our view unlikely, that  melatonin acts directly on stored lipid. In fact, melatonin 
had no effect on in vitro liver lipid metabolism in the golden shiner, Notemigonus 
chrysoleucas, whereas cortisol, prolactin, growth hormone and insulin had profound 
effects (de Vlaming and Wheeler, unpublished data). 

The data presented here contribute to the view that  the pineal is involved 
in regulating endocrine and physiological functions in teleost fish. The pineal 
and[ melatonin have been implicated in regulation of reproductive function, 
thyroid function, growth and ehromatophores (for review see, Fenwick, 1970a). 
Combined with the evidence of a photosensory and secretory function, these data 
indicate a probable neuroendocrine role of the fish pineal, possibly based on the 
hormone melatonln. 

This work was supported in part by NSF grant GB 22995 (to hiS) and a grant from the 
Marquette University Committee on Research (to VLV). 
22* 
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