
Introduction

Much of the early work in tropical limnology focu-
sed on large lakes. Rivers and streams received less at-
tention, and generally with emphasis on population
structures and physical and chemical characteristics.
The knowledge of these aquatic ecosystems is still in-
sufficient to predict structural and functional responses
to a possible environment deterioration (Crisman &
Streever 1996). Located in the tropical zone, Réunion
Island has a dense hydrographic network. However,
demographic growth rate, husbandry, industries and
urbanisation involve an increase in the socio-economic
needs and confronts Réunion Island with the problems
of water shortage and deterioration of the hydrobiolo-
gical resources quality. The first investigations relating

to freshwater hydrobiological characteristics already
highlighted that some indigenous fish populations we-
re threatened by both progressive destruction of their
habitat and a too strong licit or illicit halieutic pressure
(A.R.D.A. 1996). However, the lack of studies on the
ecology and biology of fishes limits the possibilities of
the definition of protection measures and relevant and
effective management coupled with a rational exploi-
tation of halieutics resources of these continental aqua-
tic environments. 

Juvenile gobiidae Sicyopterus lagocephalus (Pallas,
1770) - named «bichique» - are of social and economic
interest. Due to a strong reduction of the juvenile cap-
tures observed during the last twenty years, this spe-
cies was the first studied in terms of reproductive bio-
logy and habitat (Delacroix 1987, 1992). Results led
the author to consider hypotheses whereby differences
observed in spatial fish distribution could be linked to
food availability constituted by periphyton. S. lagoce-
phalus is considered as a grazer which primarily fed on
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periphytic algae (Bielsa 2000). Currently available da-
ta on benthic algae of Réunion Island are very scarce
and only give a punctual view of the richness and flo-
ristic diversity (Bourrelly & Couté 1986, Champeau
1982, O.R.E. 1999). Community structure analysis
does not constitute a sufficient index to assess environ-
ment nutritional quality  for the development of higher
trophic levels. The biochemical analyses of biofilm
combined with biomass data provide a closer estimate
of food quantity and quality actually available for hi-
gher consumers. Moreover, the biochemical composi-
tion represents an integration of environmental fluc-
tuations in addition to endogenous variations of the or-
ganisms (Reitan et al. 1994, Worm et al. 2000, Ratho-
re & Kumar 1993). 

Gonadal development and fecundity depend on food
quality and quantity. In the natural environment, food
conditions are subjected to seasonal variations. Fish
adaptation capacity to environmental fluctuations will
be determining for both survival and reproductive suc-
cess (Adams 1998). The aim of this work was to esti-
mate nutritional conditions in Réunion streams for the
fish Sicyopterus lagocephalus by studying spatio-tem-
poral variations of the availability and quality (pro-
teins, lipids) of periphytic food. The physiological fish
responses in relation to environmental seasonal varia-
tions and to the reproduction cycle are discussed.

Material and methods

Study area 
The study site is located on the windward coast, in

North-East of Réunion Island. Six stations were selec-

ted on three perennial streams which are amongst the
most productive streams for the fish species Sicyopte-
rus lagocephalus (Aboussouan 1969, Bertrand 1985),
the Mât (stations I to III), the Roches (stations IV and
V) and the Marsouins streams (station VI) (Fig. 1).
Due to the very low fish densities in the upstream zone
(Bielsa 2000), stations are located in the middle and
downstream zones. The physico-chemical characteris-
tics are given in Table 1. 

Sampling 
Samples were taken monthly from November 1997

to November 1998, during the period when exceptio-
nal cyclonic high flows occurred (February 1998). 

Periphyton sampling was carried out by brushing
about ten pebbles randomly taken along a transect. The
sampling area was estimated by using tracing paper
corresponding to the scraped area of each pebble. Af-
ter weighing, paper weight allowed us to convert into
cm2 and to give the total sampled surface. The collec-
ted bioderm was resuspended in stream water by rin-
sing the brush. An aliquot part was filtered (Whatman
GF/C) for chlorophyl a analyses. Remaining biofilm
was centrifuged and the pellets were immediately fro-
zen in liquid nitrogen.

Simultaneously, about fifteen fish were captured by
electric fishing (DEKA 3000, 600V / 5 A). Fish were
killed, measured (standard length +/- 0.1 cm) and wei-
ghed (+/- 0.01 G), then dissected. Gonads and liver
were extirpated and weighed. Each fish was then cru-
shed and immediately frozen in liquid nitrogen. 

Biofilm samples and crushed frozen fish were dried
in a vacuum dryer on Silicagel at ambient temperature
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Table 1. Chemical characteristics of the study sites (mean ± SD).
(Alt. = Altitude, Temp. = Temperature, O2 = dissolved oxygen, C = Conductivity).



before transporting to the Toulouse Laboratory where
they were reduced to powder (ZM 1000, Retsch) prior
to biochemical analyses. 

Analytical techniques
Total periphytic biomass was evaluated by quantifi-

cation of the ash free dry mass (AFDM) and  the algal
fractin by chlorophyl a analysis. AFDM was determi-
ned by difference between dry weight and ashes obtai-
ned by incineration of dry matter in a muffle furnace
(550°C, 4 h) and expressed in µg.cm-2. Chlorophyllian
pigments were extracted according to ethanol ebullient
method described by Marker et al. (1980). Chlorophyl
a concentrations were calculated using Lorenzen
(1967) equations and expressed per surface unit
(µg.cm-2). 

Total nitrogen was estimated by gas chromatography
(Carlo Erba 2100 Elemental Analyzer). Protein quanti-
ty was calculated using a factor of 6.25. Total lipids
were extracted according to Bligh & Dyer (1959) and
estimated gravimetrically. Protein and lipid contents of
periphyton were expressed in % of the dry mass (%
DM) and also in an available quantity per surface unit
(µg.cm-2 AFDM) by using biomass results.

Morphophysiological parameters 
For each fish, gonadosomatic (% GSI) and hepato-

somatic (% HSI) indexes were calculated from the fol-
lowing formulas : 

GSI : [gonads weight (g) / (total weight - gonads
weight) (g) ] X 100

HSI : [liver weight (g) / (total weight - gonads
weight) (g) ] X 100

Statistical procedures
Data variability along season or stations was evalua-

ted by one-way analysis of variance (ANOVA) using
Systat package (Wilkinson 1989). Where F value indi-
cated significance (P < 0.05), the differences between
means in a given group were assessed with an a poste-
riori multiple comparison test (Tukey’s Honesty Signi-
ficant Difference test). 

Results

Periphyton 
Periphytic biomass (AFDM) varied between 0.1 and

1320 µg.cm-2 (Fig. 2). Whatever the stations, the hi-
ghest values were generally observed during the dry
season (June-July) and in early summer (October-No-
vember). The lowest values were recorded during the
rainy season (February-March). On the Marsouins
stream, the highest value was observed in June 1998
(station VI, 1320 µg.cm-2). The Roches stream was
characterised by a weaker biomass peak (530 µg.cm-2)
noticed in June-July (stations V and IV). On the Mât
stream, biomass peaked in June (II) and in October-
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Fig. 1. Location of the study site and geographical distribution of sampling sites (I to III : Mât stream ; IV, V : Roches stream ; VI : Marsouins stream).



November (I and III) but values remained overall lo-
wer than those recorded on the other streams. The lo-
west values were generally recorded near the stream
mouth (station III). 

Chlorophyl a concentrations fluctuated between 0.2
and 11.1 µg.cm-2 (Fig. 3). Seasonal variations were si-
milar to those recorded for ash free dry mass. The hi-
ghest values were observed in the dry period, the lo-
west during the high flow season. The most significant
algal biomass was recorded on the Marsouins stream
(VI), weakest in the biofilm taken close to the Mât
mouth stream (III).

Average protein contents of the periphyton varied
between 12 and 21 % DM (fig. 4). Monthly variations
indicated that proteins were highest between August
and October and lowest in May-June. Biofilm was ri-
cher in proteins on the Marsouins stream (21 %, VI)
while the lowest average concentrations were recorded
on the Roches stream (IV, 12 % ; V, 15 %). An inter-

mediate value was noticed on the Mât stream stations
(17-19 %). 

Mean lipids levels of the periphyton varied between
1.8 and 2.6 % (% DM) (Fig. 5). Lipid contents were hi-
ghest from April to August, during the dry season, and
lowest during the rainy season (February-March). The
minima were observed on stations IV and V (1.9 %) of
the Roches stream and the maximum on the Marsouins
stream (VI, 2.6 %). Values recorded on the Mât never
exceeded 2.2 % (I, 2 % ; II, 2.2 % ; III, 2 %).

Protein and lipid availability, expressed in µg.cm-2

AFDM, varied according to total periphytic biomass.
Mean annual protein levels ranged between 65 and 205
µg.cm-2 (Fig. 4). The highest values were recorded du-
ring the dry season (June-July and October-November)
and the lowest during the high flow period (February-
March). The highest concentrations were noticed on
station VI and the lowest downstream from the Mât
stream (III). They oscillated around 100 µg.cm-2 on
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Fig. 2. Seasonal changes in periphytic ash free dry mass (AFDM, µg.cm-2) at sampling sites I - VI.



other studied sites. Mean annual lipid contents of the
periphyton varied between 7.9 and 34.3 µg.cm-2

(AFDM) from June to November and between 2.8 and
27.2 µg.cm-2 from March to May (Fig. 5). Annual ave-
rage concentrations were the highest on station 
VI (26.1 µg.cm-2). They ranged between 11 and 
14 µg.cm-2 on sites II (Mât) and IV, V (Roches) res-
pectively and never exceeded 8 µg.cm-2 on stations 
I and III (Mât). 

Sicyopterus lagocephalus
Physiological parameters were mesured on adult 

fish (mean standard length: 8 ± 0.5 cm ; mean weight:
10 ± 2 g).

Gonadosomatic index (% GSI) varied significantly
(P < 0.001) between males and females, throughout the
year (Tables 2, 3). Females presented the highest mean
values ranging between 0.7 and 11.2 %, whereas males
oscillated between 0.1 and 0.5 %. Seasonal fluctua-
tions were similar for both sexes but the magnitude va-

riations of males were less marked. During reproducti-
ve cycle, the gonadosomatic index increased signifi-
cantly from November and remained high until May.
From May GSI decreased until the lowest values were
recorded between July and September. 

Hepatosomatic index (% HSI) fluctuated between 
1 and 10 % (Tables 2, 3). The highest values were ob-
served between October and December (> 5 %) and
the lowest from March to May (< 4 %). HSI increased
from June to December. The highest values were ob-
served in females and were significantly higher than in
males. In contrast, percentages were weaker in sum-
mer and higher in males. Hepatosomatic index was hi-
gher on station VI (Marsouins) whereas values were
lower on downstream stations (III, V).

Total somatic lipid level of S. lagocephalus varied
between 2 and 12.2 % of dry mass (Fig. 6). During the
dry season (May - November), percentages increased
significantly (P < 0.001). The lowest values were re-
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Fig. 3. Seasonal changes in periphytic chlorophyll a (µg.cm-2) at sampling sites I - VI.
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Fig. 4. Seasonal changes in total proteins of periphyton (% dry weight and µg.cm-2 ash free dry mass) at sampling sites I - VI.

Table 2. Seasonal changes in gonadosomatic (% GSI) and hepatosomatic (% HSI) indexes of S. lagocephalus from Mât stream (mean±SD).
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Fig. 5. Seasonal changes in total lipids of periphyton (% dry weight and µg.cm-2 ash free dry mass) at sampling sites I - VI.

Table 3. Seasonal changes in gonadosomatic (% GSI) and hepatosomatic (% HSI) indexes of S. lagocephalus from Roches (IV, V) and Marsouins
(VI) streams.



corded after the high flow events of February 1998
(March - May). Globally, females presented lipid
contents slightly stronger than males. Lipid levels we-
re generally lower for animals captured in downstream
zones (III, V). 

Somatic protein percentage ranged between 53 and
71 % DW (Fig. 7) for both females and males. Varian-
ce analysis did not reveal significant differences (P >
0.05) between the two sexes. The highest values were
recorded from March to May. They decreased until
November before the protein percentage increased
again. Variations in protein content were much more
marked on downstream stations (II, III, V) compared
to sites I and VI. 

Discussion

Periphyton is a complex community of microbiota
(algae, fungi, bacteria, animals, organic and inorganic
detritus) that are attached to various substrates (Wetzel

1983). Many factors interact for controlling develop-
ment of algal periphytic communities such as nutrient
availability, light, flow velocity, pH, temperature, gra-
zing, which can affect abundance, production and
community structure (Fairchild et al. 1985, Steinman
& McIntire 1986, Keithan et al. 1988, Bothwell 1988,
1989, Peterson et al. 1993, Rosemond et al. 1993, Pan
& Lowe 1994, Pringle & Hamazaki 1997, Rosemond
et al. 2000). Several experiments of N and P enrich-
ment suggest that nitrogen availability can constitute
an essential element in the regulation of primary ben-
thic production (Lohman et al. 1991, Perrin & Ri-
chardson 1997). In volcanic zones, where phosphates
are abundant and nitrogen low, nitrogen represents a
significant factor limiting algal growth (Grimm & Fi-
sher 1986, Peterson & Grimm 1992). In slightly nitro-
genised environments, the minimal threshold range
between 55 to 100 µg.l-1 of nitrogen is considered as
being necessary for benthic algae growth (Grimm &
Fisher 1986, Lohman et al. 1991). In our study, N-
NO3

- concentrations recorded in both Mât and Mar-
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Fig. 6. Seasonal changes in somatic lipid contents (% dry weight) of male and female S. lagocephalus at sampling sites I - VI.



souins streams are much higher and do not seem to be
a limiting factor for the algal biomass development.
The volcanic character of Réunion Island means that
phosphorus contents recorded on the majority of stu-
died sites are largely higher than the concentrations
noticed by Bothwell (1989) when benthic algal bio-
mass is maximum (ranged between 25 to 50 µg.l-1 of
P-PO4

3-). In contrast, the Roches stream shows values
of N-NO3

- and P-PO4
3- slightly lower than these thre-

sholds. Finally, high silica concentrations observed for
all stations should not limit diatom development. Ex-
cept for the Roches stream, nutrient concentrations re-
corded during our study do not seem to be factors limi-
ting the benthic algal development. Nutrient concen-
trations were the highest in the Mât stream but per-
iphytic biomass was lower than those observed in the
Roches where the weakest nutrient concentrations we-
re recorded. In the same way, biomass recorded on site
VI (Marsouins) is maximum whereas nutrient contents
present intermediate values. These results suggest that
nutrient availability is not the only factor determining

the periphyton development in this ecosystem. Nu-
trient cycling within the biofilm can compensate for
deficiency in nutrient concentrations in stream water
and thus maintain biomass and periphytic productivity
(Mulholland et al. 1995). In New Zealand, a compa-
rable ecosystem, Biggs & Close (1989) noted that hy-
drological factors could explain more than 63.3 % of
the biomass variance and were as significant as nu-
trient availability. The exceptional high flows that oc-
curred in Réunion streams (February 1998) are respon-
sible for the strongest reduction in the periphytic bio-
mass. During successive disturbances, Peterson &
Grimm (1992) observed that periphyton became more
dependent on nutrient production within the biofilm
than of the dissolved element concentrations in water.
However, the importance of this autogenic mechanism
and the possibility which could make up external sup-
ply and thus control algal community remains very va-
riable according to systems and their disturbances. 

Protein percentages in algae varied from 19 to 56 %
DM (Ahlgren et al. 1992) according to environmental
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Fig. 7. Seasonal changes in somatic protein contents (% dry weight)of male and female S. lagocephalus at sampling sites I - VI.



conditions (Piorreck et al. 1984, Worm et al. 2000),
species (Rathore & Kumar 1993) or growth phase
(Brown et al. 1997). In our study the periphytic algae
are mainly constituted by cyanophyta (Bielsa 2000),
an algal group which generally have high protein
contents. In controlled culture conditions, the protein
percentage of cyanophyta is generally higher than 
35 % of the dry mass (Ahlgren et al. 1992) and can ex-
ceed 50 % when nitrogen availability increases in the
medium (Piorreck et al. 1984). Mean annual protein
contents recorded on the different study sites range
between 10 and 30 % of the dry mass and are lower
than those proposed by these authors. This could be
explained by the presence of a mineral fraction in
samples of the periphyton collected in our study and
which, compared to data of algae culture, decreases the
protein percentages expressed in % of the total dry
mass. The weak nitrogen concentrations observed in
the Roches stream water could explain low protein va-
lues recorded in the biofilm. Indeed, a nitrogen defi-
ciency can involve a reduction in protein contents
(Ben-Amotz et al. 1985, Aleya 1992). 

Algal lipid contents oscillated between 5 and 70 %
of the dry mass, more commonly 15-30 % and 8-13 %
for species stocking lipids and carbohydrates respecti-
vely (Olsen 1998). Ben-Amotz et al. (1985) report that
lipid contents of seven marine species vary between 7
and 55 % according to species and culture conditions.
Piorreck et al. (1984) indicate, in freshwater cyano-
phyta, that lipid contents vary from 12 to 18 % of the
dry mass. During our study, lipid percentages recorded
in the periphyton were weaker. The highest values are
lower than 5 % of the dry mass, but are in agreement
with those proposed by Ahlgren et al. (1992) for cya-
nophyta, which mainly constitute the algal periphytic
community in our studied streams. Lipid contents of
the biofilm sampled in both the Roches and the Mât
streams are comparable even if nutrient concentra-
tions, in particular nitrogen, are different. This could
be explained by the stability of lipid contents highligh-
ted in cyanophyta maintained under different nitrogen
concentrations (Piorreck et al. 1984). However, nu-
trient availability is not the only factor influencing the
algal biochemical composition. Other parameters, su-
ch as light (Sicko-Goad & Andersen 1991, Renaud et
al. 1991), temperature (Tedesco & Duerr 1989) or
growth phase (Rathore & Kumar 1993), act on algal li-
pid contents. Although not easily quantifiable in our
study, they could nevertheless influence both temporal
and spatial variability observed in Réunion streams. 

The results expressed as a percentage do not reflect
protein and lipid bio-availability of the periphyton.

The available quantities per surface unit show diffe-
rences among stations. The periphyton biomass and
the nutritive value were the highest at station VI (Mar-
souins) and involved a maximum bio-availability of
these two parameters. In contrast, protein and lipid
percentages were higher on the Mât stream (stations I,
II and III) whereas the periphytic biomass was higher
on stations IV and V (Roche stream). This involves a
more significant availability on these sampled points.
These differences were linked more to the periphytic
biomass variations than to the intrinsic quality modifi-
cations (% of protein and lipid) at the different sta-
tions.

Sicyopterus lagocephalus is a herbivorous benthic
fish which is not very selective, with a diet primarily
made up of periphytic algae (Bielsa 2000). Many fish
have seasonal cycles to build up their energy stock in-
tended for both reproduction and metabolic needs du-
ring fasting (Adams 1998). The energy investment re-
served for gonad development compared to soma was
evaluated at 11 % and 67 % respectively in male and
female trout (Jonsson & Jonsson 1997). This invest-
ment is often higher than the energy provided by food
(Shul’man 1974). The principal energy source avai-
lable for the synthesis of reproductive tissues comes
from the lipid reserves contained in liver and/or
muscle. Mobilisation of the hepatic reserves results in
a weight loss of liver (Allen & Wootton 1982, Lahti &
Muje 1991). After spawning, the liver weight increases
faster as the food intake is significant (Bulow et al.
1978, Allen & Wootton 1982, Tveranger 1985, Crup-
kin et al. 1988, Singh & Towheed 1993). In fact, ex-
cept during reproduction, the hepatosomatic index is
considered in fish as a good indicator of both food
consumption and energy stock. A decrease of this in-
dex indicates insufficient nutritional conditions accor-
ding to energy needs (Parent et al. 1985, Miglavs & Jo-
bling 1989, De Silva et al. 1991). 

The study of the gonad development cycle in S. la-
gocephalus showed that the reproduction period coin-
cides with summer rains. Gonadal development begins
between November and December and the maturation
phase extends from February to August. Then a quies-
cence period of the gonads occurs until October or No-
vember. In temperate zones, seasonal fluctuations of
temperature and photoperiod are considered to be the
principal environmental factors controlling fish repro-
duction (Gillet 1989, Towsend & Perrow 1989, Billard
& Breton 1981, Billard 1995). In tropical zones, these
parameters vary with low amplitudes, fluctuation of
water flow seems to be a dominating factor controlling
reproduction. Flow increase induces gonadal recrudes-
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cence and spawning (Kirschbaum 1979, 1992, Albaret
1982, Legendre & Jalabert 1988, Mutambue & Tou-
renq 1996). Delacroix (1987, 1992) noted, for Sicyop-
terus lagocephalus, that the gonadosomatic index in-
creased with high flow and was followed by massive
spawning. This relation between flow variations and
gonad maturation and/or spawning did not clearly ap-
pear during our study, suggesting that the hydrology
will not be the only factor controlling reproduction. 

The hepatosomatic index of Sicyopterus lagocepha-
lus decreased during both the final phase of the gona-
dal development and the first spawning period (Janua-
ry 1998). Fish with an equivalent degree of maturity
(similar GSI) and captured after the significant rainfall
peak of February 1998 have a HSI two to three times
weaker, a consequence of a strong mobilisation of the
energy reserves in these fish. During high flow, the de-
gradation of nutritional conditions did not counterba-
lance the energy losses linked to reproduction and/or
swimming activity. Unlike the observations carried out
by Kirschbaum (1992) on various tropical species, the
stress conditions related to food limitation induced by
high water level do not seem to modify reproduction
activities for S. lagocephalus. Hepatosomatic index re-
covers comparable values with those obtained before
rising after breeding (June or July). The reconstitution
of energy reserves continues even when fish start a
new reproductive cycle. It appeared that there was a re-
lationship between food availability and hepatosoma-
tic index. Thus, stations where the food availability
was the lowest (V, II, III) were less favourable to stock
reserves in liver compared to the richest stations (VI)
where HSI was particularly high. 

In fish, substantial quantities of lipids are reserved
for gonadal development (Wootton 1977, Love 1980,
Henderson & Tocher 1987, Tanasichuk & Mackay
1989, Adams 1998). Storage level in females and the
efficiency of its allocation for gonad maturation will
be determining for reproductive success (Watanabe
1985, Rainuzzo et al. 1997, Adams 1998). Many
works highlight a strong increase in body fats after
spawning corresponding to the reconstitution of ener-
gy reserves, especially in the form of lipids (Nikolsky
1963, Craig 1977, Penczak et al. 1978, Allen & Woot-
ton 1982, Parent et al. 1991). Lipid levels are directly
related to the food ingested (quantity and/or quality)
and constitute a good index for estimating fish condi-
tions (Elliott 1976, Penczak et al. 1977, 1978, Dos
Santos et al. 1993). Results of the biochemical ana-
lyses carried out on  S. lagocephalus showed that fish
used their lipids during gonad maturation. However,
the reproductive cycle is not the main factor respon-

sible for seasonal variations of the reserves. After
changes in water level which occurred in February
1998, the somatic lipid levels in fish with an equivalent
gonadosomatic index were two to three times lower
than those observed before high flow conditions. Du-
ring months of high water level, the swimming activi-
ty and the decrease of both quantity and quality of food
availability largely contributed to the reduction of
energy storage. In spite of a high nutritional activity, fi-
sh maintain low somatic lipid levels suggesting that re-
productive activity consumes more energy than what is
provided by food. The reconstitution of lipid reserves
begins between the June-July period, characterised by
the most favourable nutritional conditions. The soma-
tic lipid increase was less significant where food quan-
tity and quality were the weakest (stations: V, II, III).
In contrast, despite less favourable nutritional condi-
tions on station IV compared to VI, the energy reserves
reconstitution was similar for the two sites. No change
in protein content was noted after the high flow period,
suggesting that no mobilisation occurred. Lipid re-
serves would be sufficient to compensate the energy
needs induced by reproduction and hydrological dis-
turbances. 

The rainfall succession has definitely affected the
periphytic availability for Sicyopterus lagocephalus.
In tropical lotic environments, hydrological variations
have a significant influence on the benthic algal com-
munities. The fish grazing impact would seem also to
play a major role in both the algal population structure
and biomass fluctuations (Pringle & Hamazaki 1997).
The hydrological conditions constitute the main factor
controlling the physiological conditions of S. lagoce-
phalus. Nevertheless, despite unfavourable nutritional
conditions (weak quantitative availability) they main-
tain reproductive activity. However, reduction in re-
productive success during high flow events could ex-
plain inter-annual variations of recruitment. The
knowledge of these phenomena could be useful for an
effective halieutic management of this resource for
preserving this species which is of social and econo-
mic local interest.
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