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FECUNDITY, SEX RATIO AND GONADO-SOMATIC 
INDEX OF EPINEPHELUS CHLOROSTIGMA  
AND EPINEPHELUS AREOLATUS SAMPLED  

FROM ARABIAN GULF 
 
 
 

Zubair Ahmad∗, Hmoud Fares Alkahem and Amir A. A. Aldhahi 
Department of Zoology, College of Science, King Saud University,  

P. O. Box 2455, Riyadh 11451, Kingdom of Saudi Arabia 

ABSTRACT 

Data registered for the absolute and relative fecundity in the present study revealed 
that E. chlorostigma is more fecund than E. areolatus. It was found that absolute 
fecundity has a direct relationship with the body length and weight. The relative 
fecundity for both the species does not delineate any particular pattern of variation. The 
sex ratio for both the species was heterogeneous showing the domination of male over 
female in certain months while females outnumber males in other months. The gradual 
increase in the value of gonado-somatic index from March to September (E. areolatus) 
and June to September (E. chlorostima) observed in the present study shows the 
maturation / development of ovum in the ovaries. The highest value of it for both the 
species was registered in the month of September. A sharp decline in October indicates 
the spawning period (releasing of eggs from the ovary) of the fish. 

INTRODUCTION 

Studies on reproduction in fishes are salutary to make a better understanding of the 
annual regeneration of the stocks. Fecundity with other reproductive parameters is of a great 
value in fishery production and formulation of management measures. It is most common 
measure for studying the reproductive potential in fishes because it is relatively easy measure 
to accomplish, and is generally given by the total number of yoked eggs produced by a single 
female in one spawning season or in a year. The fecundity and development of eggs in the 
ovaries of fishes have been studied in the past by various fishery biologists. Some recent and 
important published work on this aspect are those of Bal and Rao (1984), Daoulas and 
Kattoulas, (1985), Hussein (1986), Pusey et al. (2001), Aday et al. (2002), Geertjes and 
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Videler (2002), Heibo and Vollestad (2002) , Machado et al. (2002), Ganias et al. (2004), 

Orlando et al. (2007), Azaza et al. (2008) and Dominguez-Petit et al. (2008). Spawning of 

chub, Leuciscus cephalus (L.) in an artificial lowland canal was investigated by Arlinghaus 

and Wolter (2003). Recently, Zhang et al. (2009) and Al-Akel et al. (2010) have studied 

maturity stages, age at first maturity and fecundity of Ilisha elongata from Ariake Sound, 

Japan and Poicilia latipinna from Saudi Arabia, respectively. 

The majority of fishes are oviparous, and only a few like guppies (live bearer) are 

ovoviviparous. Parental cares are apparent in ovoviviparous fishes hence they produce very 

little eggs. On the other hand oviparous fishes are more fecund (produce more eggs) probably 

because of less survival chance due to devastating environmental conditions. 

The gonads, particularly ovary, undergo regular seasonal changes in weight and such 

changes are indicative of spawning season (Qasim, 1973). The gonado-somatic index is also 

used for studying the spawning season following the seasonal changes in gonad’s weight in 

relation to body weight (Bal and Rao, 1984). 

Other parameter studied in the present study like sex ratio indicates the proportion of 

males with females in the population which expected to be 1:1 in nature. This type of studies 

may indicate segregation or aggregation of sexes according to feeding, breeding and 

migratory behaviour of the fish. Some of the contributors in this field are Bhatt (1972), 

Thompson and Munro (1978), Coleman et al. (1996), Tamaru et al. (1996), Zabala et al. 

(1997) and Al-Akel et al. (2010). 

In the present study an attempt was made to register the absolute and relative fecundity of 

E. chlorostigma and E. areolatus fished from Arabian Gulf. To find the sex ratio the number 

of male and female in the population were enumerated and to calculate the gonado-somatic 

index the weights of ovaries and fish of both species for a complete year beginning from 

January to December were registered. 

MATERIALS AND METHODS 

Fresh and healthy specimens of E. chlorostigma and E. areolatus of different sizes were 

collected from the local market on monthly basis for one complete year. These fishes were 

weighed for total weight nearest to 0.1g and measured for the total length nearest to 0.1cm. 

After morphometric measurements, they were dissected, sexed (male or female) and their 

gonad (ovaries) taken out and weighed, separately. The ovaries were preserved in Gilson 

solution for further studies. The gonado-somatic index was calculated according to the 

formula given below: 

 

 
 

GSI= Gonado-somatic index 

 

The sex ratio (SR) was calculated from the formula given below:  
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                                           Number of Females 
                 SR  (M:F)  =   -------------------------------          
                                           Number of Males 

         
 

Fecundity (number of eggs produced by a single female in one spawning season) was 

estimated from the ovaries having eggs with yolk. Three sub-samples from each ovary were 

taken and weighed separately. The eggs in these sub-samples were counted and a mean was 

calculated. Total number of eggs in the ovary was calculated from the weight and number of 

eggs in the sub-samples and total weight of ovary according to the method outlined by Pusey 

et al. (2001). 

 

 
 

The relationship between the fecundity (F) and total weight (TW) (Log F= log a + b log 

TW) as well as total length (TL) (Log F = log a + b log TL) of the fish was established after 

transforming the values to logarithm. 

RESULTS AND DISCUSSION 

The absolute fecundity according to size and weight groups (Number of eggs produced 

by single female) and relative fecundity (number of eggs per unit length or weight) of the 

grouper, Epinephelus chlorostigma and Epinephelus areolatus are presented in table 1 and 2, 

respectively. Data embodied in these tables indicate that smaller fishes produce fewer eggs 

than the larger specimens. The absolute fecundity of E. chlorostigma varied from 235740 to 

1847121 for the fish of total length 30.1 and 51.45 cm, respectively. Similarly, the fecundity 

of E. areolatus showed variations from 163815 for a fish of 25.9 cm total length to 421271 

for the fish of 39.7 cm total length. Since the larger fish spend little or zero amount of energy 

on growth, hence their energetic investment in reproduction tends to be higher to produce 

more and larger eggs, where as smaller fish spend more energy on growth hence produces 

less and smaller eggs (Moyle and Cech, 1982). 

Ghorab et al. (1986) while working on the fecundity of E. chlorostigma from Red Sea 

reported that egg production varied from 42718 to 1242724 for the females ranging from 30.5 

to 47.0 cm total length. The same species showed variations in the fecundity in the two 

different environments being more fecund in Arabian Gulf than the Red Sea. Mikhail (1980) 

presented the fecundity of E. aeneus from the Alexandrian water as 783988 for fish of 66.0 

cm total length and 3873271 for the fish 0f 93.5 cm which is greater than the one reported in 

the present study. Abu-Hakima et al. (1982) while studying the fecundity of different fish 

species from the Kuwaiti water reported that fecundity varies from 310000 to 1690000 

(sobaity), 1360000 to 2150000 (sheim), 850000 to 2900000 (hamour), 50000 to 71400000 

(nubaiby) , 77000 to 254000 (zubaidy) and finally 63000 to 214000 (nagroor). Their findings 

indicate that the fecundity of these fishes is more than E. chlorostigms and E. areolatus 

registered in the present study.  
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Table 1. Absolute and relative fecundity (in relation to length) of groupers , Epinephelus 
chlorostigma and Epinephelus areolatus (in parentheses) of Arabian Gulf 

 
Length groups 
(cm) 

Mean  
T.L. (cm) 

No. of fish Absolute 
fecundity 

Relative fecundity 
(No./cm) 

30---31.9 
(25---26.9) 

30.10 
(25.90) 

1 
(5) 

235740.74 
(163815.08) 

7831.92 
(6324.91) 

34---35.9 
(27---28.9) 

34.90 
(28.24) 

4 
(5) 

425913.21 
(160493.75) 

12203.82 
(5683.21) 

36---37.9 
(29---30.9) 

37.25 
(29.89) 

2 
(14) 

401916.63 
(167297.93) 

10789.71 
(5597.12) 

38---39.9 
(31---32.9) 

38.60 
(31.76) 

2 
(13) 

311598.48 
(262949.93) 

8072.50 
(8279.28) 

40---41.9 
(33---34.9) 

41.00 
(33.90) 

5 
(9) 

412312.62 
(222063.04) 

10056.41 
(6550.53) 

42---43.9 
(35---36.9) 

42.59 
(35.95) 

7 
(2) 

547398.03 
(309105.04) 

12852.74 
(8598.19) 

44---45.9 
(37---38.9) 

44.60 
(38.50) 

2 
(1) 

938473.74 
(321320.23) 

21042.01 
(8345.98) 

46---47.9 
(39---40.9) 

46.94 
(39.70) 

5 
(2) 

1098087.71 
(421271.38) 

23393.43 
(10611.37) 

48---49.9 48.65 8 1083669.54 22274.81 
50---51.9 51.45 2 1847121.88 35901.30 
 

Table 2. Absolute and relative fecundity (in relation to weight, in gram) of groupers, 
Epinephelus chlorostigma and Epinephelus areolatus (in parentheses) of Arabian Gulf 

 
Weight groups  
(g) 

Mean 
weight (g) 

No. of fish Absolute 
fecundity 

Relative fecundity 
(No./g) 

207--- 406.9 
(191---390.9) 

269.15 
(250.7) 

2 
(13) 

255269.11 
(145023.18) 

948.42 
(578.47) 

407---606.9 
(291---390.9) 

507.73 
(349.1) 

4 
(15) 

393892.07 
(212820.95) 

775.79 
(609.63) 

607---806.9 
(391---490.9) 

716.20 
(436.7) 

5 
(14) 

455564.66 
(238985.04) 

636.09 
(547.25) 

807---1006.9 
(491---590.9) 

913.33 
(525.9) 

9 
(6) 

508478.69 
(252572.14) 

556.73 
(480.27) 

1007---1206.9 
(591---690.9) 

1104.30 
(651.1) 

4 
(1) 

760907.11 
(413346.77) 

689.04 
(634.84) 

1207---1406.9 
(691---790.9) 

1306.39 
(760.1) 

8 
(2) 

973341.33 
(430664.11) 

745.06 
(566.59) 

1407---1606.9 1504.16 5 1264959.73 840.97 
1407---1806.9 1750.00 1 1787577.09 1021.47 
 
Generally the fecundity of a fish species vary considerably with other species but even 

the individuals of same species produce varying number of eggs depending upon the age, 
weight, gonad’s length and weight and environmental conditions (Bal and Rao, 1984). 
Daoulas and Kattoulas (1985) and Hussein (1986) have related the changes in fecundity to the 
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feeding intensity of fish and environmental conditions. The fish produces more and frequently 
larger eggs in food rich environment (Wooten, 1973 and Moyle and Cech, 1982). 

 

 

Figure 1. Monthly changes in the gonado-somatic index of E. chlorostigma and E. areolatus from 
the Arabian Gulf. Vertical lines indicate the standard error of the mean. 

The relationship between absolute fecundity (F) and total weight (TW) of the fish were 
presented in Figures 2 and 3, and the regression equations registered were: Log F = 2.787 + 
0.987 log TW (E. chlorostigma) and Log F = 2.904 + 0.99 log TW ( E. areolatus). Similarly 
the relation between absolute fecundity and total length (TL) was presented as: Log F = 1.993 
+ 2.236 log TL (E. chlorostigma) and Log F = -0.207 + 3.707 log TL (E. areolatus). 
Regression analysis of the fecundity with total length as well as total weight of both the 
species indicate that absolute fecundity has a significant relation with the total length (r= 
0.9298 for E. chlorostigma and 0.9201 for E. areolatus) and total weight (r= 0.973 for E. 
chlorostigma and 0.945 for E. areolatus). 

The values of correlation coefficient ( r ) indicate that fecundity of fish has a stronger 
relation with weight than the length. This supports the hypothesis set out by Joganzen (1955). 
According to him the number of eggs produced by the female is mainly dependent on its 
weight rather than the length. How ever Bagenal and Erich (1978) have pointed out that the 
use of weight in such analysis might produce biased results. Ghorab et al. (1986) reported that 
the absolute fecundity of E. chlorostigma increases with increase of both, total length and 
total weight. Similar results were also recorded in the present study. Direct relationship 
between the fecundity and total weight and length of the fish was reported by Daoulas and 
Kattoulas (1985) and Hussein (1986) and extend considerable support to present results but 
contrary results were reported by Mikhail (1980). 
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Figure 2. Relationship between absolute fecundity and total weight (A) and total length (B) of 
Epinephelus areolatus 

The values of gonado-somatic index of both the species registered in the present study 
indicate that the time of maturation of ova for E. chlorostigma extends from June to 
September and that of E. areolatus from March to September. 
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Figure 3. Relationship between absolute fecundity and total weight (A) and toatal length (B) of 
Epinephelus chlorostigma. 

The highest value of this index registered in the month of September (Figure 1) shows the 
presence of mature eggs where as sharp decline in October is an indication of release of eggs 
from the ovary. The highest value of this index coincided with peak values of condition 
factor, thus shows a direct relationship between the two parameters. The sex ratios show a 
heterogenous distribution of male and female of E. chlorostigma and E. areolatus throughout 
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the year. Males of E. areolatus were more frequent in the months like January, March, 
September and October while females outnumber male in February, May, June, August, 
November and December (Table 3).  

 
Table 3. Sex ratios of Epinephelus chlorostigma and Epinephelus areolatus collected 

from the Arabian Gulf 
 
 
Months 
 

E. chlorostigma E. areolatus 
No. of 
male 

No. of  
female 

Sex ratio 
(M : F) 

No. of 
male 

No. of 
female 

Sex ratio 
(M : F) 

January 19 15 1 : 0.79 20 13 1 : 0.65 
February 21 15 1 : 0.71 09 23 1 : 2.56 
March 18 19 1 : 1.06 22 16 1 : 0.73 
April 16 18 1 : 1.13 16 17 1 : 1.06 
May 19 15 1 : 0.79 06 33 1 : 5.50 
June 13 26 1 : 2.00 07 28 1 : 4.00 
July 16 15 1 : 0.94 17 18 1 : 1.06 
August 12 08 1 : 0.67 08 13 1 : 1.63 
September 11 23 1 : 2.09 28 09 1 : 0.32 
October 20 09 1 : 0.45 17 10 1 : 0.59 
November 12 17 1 : 1.42 01 05 1 : 5.00 
December 14 15 1 : 1.07 13 23 1 : 1.77 
 
Females of E. chlorostigma dominated over males in April, June September and 

November while number of males exceeded to females in the months of January, February, 
May, August and October (Table 3). In remaining months the sex ratio was same as expected 
(1:1) in natural habitat. Domination of males over female during spawning season may be 
probably to ensure the fertilization of eggs. Variations in sex ratio depend mainly on the size 
of the samples analyzed, spawning migration, exploitation, weather condition at the time of 
catch, gear used for the catch and sex reversal (Bhatt, 1972, Thompson and Munro, 1978, 
Hashim and Salamah, 1984, and Ghorab et al., 1986). Disparities in the assumed (1:1) sex 
ratio were reported in different fish species by different workers. Domination of females in all 
the months of year except in the peak spawning period was reported by Hashim and Salamah 
(1984) and Coleman et al. (1996). Males of Epinephelus micodon show domination (4:1) over 
females throughout year (Tamaru et al., 1996). 
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ABSTRACT 

The Brazilian Caatinga ecoregion is home to several endemic fauna of the 
neotropical region. This paper presents the results of fish faunal surveys conducted in the 
Piranhas-Assu hydrographic basin located in the Caatinga ecoregion, which is an 
important area for the conservation of fish species. The fish samples captured were 
distributed in 4 orders (Characiformes, Perciformes, Siluriformes and Synbranchiformes), 
11 families (Characidae, Curimatidae, Auchenipteridae, Anostomidae, Prochilodontidae, 
Erythrinidae, Cichlidae, Sciaenidae, Heptapteridae, Loricariidae, Synbranchidae) and 22 
species, of which 17 are endemic to the Caatinga ecoregion. The order Characiformes 
was more representative with 46.35% followed by Perciformes 35.38%, Siluriformes 
17.44% and Synbranchiformes 0.5%. Oreochomis niloticus, the only exotic species 
registered was expressive (24.92%) followed by the native species Leporinus piau (18.77 
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%). Urgent measures must be taken to conserve the endemic fish species of the 
hydrographic basins located in the Caatinga ecoregion. 
 

Keywords: endemic fish species, Piranhas-Assu hydrographic basin, Brazilian Caatinga 
ecoregion. 

INTRODUCTION 

Tropical areas contain the majority of the world's freshwater fish biodiversity (Lowe-
McConnell, 1987; Kottelat et al., 1993; Kottelat and Whitten, 1996; Queiroz et al., 2006). The 
freshwater ichthyofauna of the Neotropical region is characterized by high species richness 
which contributes to almost 31% of fish diversity of the planet (Reis et al., 2003). More than 
15% of the Neotropical fish fauna is composed of migratory species (Carolsfeld et al., 2004), 
and the common reproductive strategy of the migratory fish involves upstream movements 
toward the spawning grounds at the beginning of the rainy season (Agostinho et al., 2008). 

Brazil is an important part of the Neotropical region which holds the largest biodiversity 
on the planet, accounting for around 13% of the total world biota (Queiroz et al., 2006). 
Although most of the country is located within the tropical zone, the climate of Brazil varies 
considerably from the Northern tropical zone to the temperate zones below the Tropic of 
Capricorn. Thus Brazil exhibits the equatorial, tropical, semi-arid, highland tropical and 
subtropical climatic regions. Northeastern Brazil has distinctive scrub vegetation “Caatinga”, 
consisting of xerophytic low thorny bushes adapted to the semi-arid evapotranspritation 
driven climate, which covers over 10% of the Brazilian territory. It is located between 3°S 
45°W and 17°S 35°W, extending across eight states of Brazil: Piauí, Ceará, Rio Grande do 
Norte, Paraiba, Pernambuco, Alagoas, Sergipe, Bahia, and parts of Minas Gerais (Leal et al., 
2003). 

The hydrographic network of the Caatinga ecoregion is seasonal and modest when 
compared to other Brazilian regions. The seasonality of the freshwater ecosystems of this 
region is due to recurrence of extended drought, irregular rainfall, high temperatures and an 
elevated rate of water evaporation (Ab’ Saber, 1995; Leal et al., 2003). The fish species that 
occur in the freshwater ecosystems of this ecoregion are the result of evolutionary processes 
modulated by climatic factors and hydrological cycles, exhibiting a high degree of endemic 
species. However, there is need for more detailed information on diversity, endemism and 
distribution of fish fauna of these ecosystems (Rosa, 2004; Rosa et al., 2005; Chellappa et al., 
2009).  

The reservoir construction on rivers mainly impact the migratory fish species, which 
belong to orders Characiformes and Siluriformes, by blocking access to the different habitats 
needed to complete their life cycle. A series of reservoir constructions on a river can exclude 
migratory species from the basin or even lead to complete extinction if these species which 
are endemic to the basin. The disappearance of large migratory fishes from some rivers of the 
Upper Paraná basin in Brazil, where 140 reservoirs have been constructed could be 
considered as a good example of this problem (Lowe–McConnell, 1987; Agostinho et al., 
2005).  

Studies relating to endemic fish species of the Caatinga ecoregion is rather limited (Rosa, 
2004; Rosa et al., 2005; Chellappa et al., 2009). This study presents the endemic fish species 
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of the Piranhas-Assu hydrographic basin of the Brazilian Caatinga biome. An attempt is made 
to identify the main environmental variables which were associated with distribution of fish. 
This information could contribute to a better management of aquatic environments and for the 
conservation of the endemic freshwater fish species. 

MATERIALS AND METHODS 

Study Area 

The River Piranhas–Assu hydrographic basin is situated between latitudes 4° and 8° S 
and longitudes 36° and 39° W (Figure 1). It is located in the Caatinga biome and covers a 
territory of 44,000 Km². It originates in the Serra do Bongo, southeast of Paraiba and enters 
the State of Rio Grande Norte and eventually flows into the Atlantic Ocean. Around 46 
medium to small sized reservoirs have been constructed on this hydrographic basin, which 
together are responsible for a water storage capacity of 10 million m3. 

 

 

Figure 1. Location of Piranhas-Assu hydrographic basin, Rio Grande do Norte, Brazil. 
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Samples were collected from the River Acauã (latitudes 06° 25’ 34,3” S and longitudes 
036° 36’ 08,3 W) and the Marechal Dutra reservoir (latitudes 06° 25’ 00,6” S and longitudes 
036° 36” 14,6 W), both located in the Piranhas–Assu hydrographic basin. The fish were 
captured in a downstream area of the River Acauã since in upper reaches both physical and 
chemical conditions are stressful, with a lower number of fish species showing physiological 
and ecological capacities to survive in such places (Matthews and Styron-Junior, 1981). 
Marechal Dutra is an important reservoir for agriculture and inland fishery purposes, has a 
maximum depth of 25m, mean depth of 8.5m, water storage capacity of 40 x 106 m3 and a 
theoretical retention time of 1460 days. 

Fish Sampling 

Fish samples were captured monthly on a diurnal and nocturnal basis during January to 
December 2009, with the help of artisanal fishermen of the region, using fishing gear which 
consisted of stationary nets and gillnets of different mesh sizes (9 – 19 cm), cast nets, hooks 
and traditional fish traps. Random fish subsamples were collected from a larger catch landed 
by fishermen, numbered and transported to the laboratory on ice. Morphometric 
measurements and meristic counts were carried out to check the taxonomical status of each 
species. Total body length of all fishes were measured (± 1 mm) and body mass recorded (± 1 
g). Fish samples were registered in the collection of the Museum of the Department of 
Systematics and Ecology, Federal University of Paraíba, Brazil. 

Data Analysis 

The constancy of fish species was calculated using the equation of Dajoz Index (Dajoz, 
1973). C = n / N x 100, where: C = constant; n = number of times the species was captured; N 
= total number of collections. Constant species (C> 50%), accessory species (25 <C <50%) 
and rare species (C <25%) were calculated from the frequency of occurrence of each species 
in the sample. 

The principal component analysis (PCA) was used in ordering the five environmental 
variables (water temperature, concentration of dissolved oxygen, pH, electrical conductivity 
and rainfall) in two factorial axes, with an objective to reduce the dimensionality of the data 
and to describe the relationships between these environmental variables. The PCA was 
performed from the linear correlation matrix of environmental variables after logarithmic 
transformation of data. The ordinations were made in the software XLSTAT 7.5. 

Environmental Variables 

The values of water temperature (ºC), pH, concentration of dissolved oxygen (mgL-1) and 
electrical conductivity of the water (μScm-1) of the sampling sites were registered between 
9:00h and 10:00h on a monthly basis, using portable equipment (Multiparameter kit WTW 
multi 340i). The mean monthly rainfall data of the region was obtained from the 
Meteorological Department of EMPARN (Empresa de Pesquisa Agropecuária do Rio Grande 
do Norte, Brazil). 
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RESULTS 

Diversity of Icthyofaunal Communities 

A total of 602 fish samples were collected (115 from the river and 487 from the reservoir) 
and the samples were pooled for analysis. The fish were distributed in 4 orders 
(Characiformes, Perciformes, Siluriformes and Synbranchiformes), 11 families (Characidae, 
Curimatidae, Auchenipteridae, Anostomidae, Prochilodontidae, Erythrinidae, Cichlidae, 
Sciaenidae, Heptapteridae, Loricariidae, Synbranchidae) and 22 species (Figure 2), of which 
17 were endemic and 4 had been introduced from other hydrographic basins of Brazil and one 
was an exotic species. 

 

 

Figure 2 continued on next page. 
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Figure 2. Fish species captured from the Piranhas-Assu hydrographic basin, Brazil. 

 
The order Characiformes was more representative with 46.35% followed by Perciformes 

35.38%, Siluriformes 17.44% and Synbranchiformes 0.5%. Tabele 1 shows the fish species, 
their popular and scientific names, frequency of occurrence and their origin. 

The orders which were more representative in number of fish species of the Piranhas-
Assu basin were as follows: Characiformes (46.35%), Perciformes (35.38%), Siluriformes 
(17.44%) and Synbranchiformes (0.50%) (Figure 3a). Among the families, Cichlidae was 
more representative (29.24%), followed by Anastomidae (18.77%) and the other nine families 
(Figure 3b). Among the fish species, the exotic fish Nile tilapia, Oreochomis niloticus was 
very expressive (24.92%), followed by the endemic species piau, Leporinus piau (18.44 %) 
and the other endemic species. 

Considering the relative frequency of occurrence of the 22 species, 13 were constant, 5 
accessory and 4 were rare. Table 2 shows the constancy of occurrence of fish species, 
maximum, minimum and mean (±SD) values of their total body length (Lt) and body mass 
(Wt). 
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Table 1. Fish species captured, their names, absolute frequency (N) and origin 
in the Piranhas-Assu hydrographis basin, Rio Grande do Norte, Brazil 

 
Order  Characiformes Common name N  Origin  

 Family Characidae     
 Astyanax bimaculatus (Linnaeus, 1758) piaba 18  endemic  
 Astyanax fasciatus (Cuvier, 1819) piaba 4  endemic  
 Moenkhausia dichroura (Kner, 1858)  piaba  1  endemic  
 Triportheus angulatus (Spix & Agassiz, 1829) sardinha  24  endemic  
 Serrasalmus rombeus (Linnaeus, 1766)  red-eye piranha 1  endemic  
 Family Curimatidae     
 Psectrogaster rhomboides (Eigenmann & 

Eigenmann, 1889)  
branquinha  25  endemic  

 Steindachnerina notonota (Miranda Ribeiro, 1937)  sagüiru  3  endemic  
 Family Anostomidae     
 Leporinus piau (Fowler, 1941) piau  111  endemic  
 Leporinus elongatus  piau verdadeiro  2  introduced 
Order  Characiformes Common name N  Origin  
 Family Prochilodontidae     
 Prochilodus brevis (Steindachner, 1875)  curimatã 88  endemic  
 Family Erythrinidae     
 Hoplias malabaricus (Bloch, 1794)  traíra 4  endemic  
Order  Perciformes     
 Family Cichlidae     
 Astronotus ocellatus (Agassiz, 1831)  Oscar-apaiarí  1  introduced 
 Oreochromis niloticus (Linnaeus, 1758)  tilápia  150  exotic  
 Cichlasoma orientale (Kullander, 1983) cará  8  endemic  
 Crenicichla menezesi (Ploeg, 1991)  jacundá  11  endemic  
 Cichla monoculus (Spix & Agassiz, 1831)  tucunaré 6  introduced 
 Family Sciaenidae     
 Plagioscion squamosissimus (Heckel, 1840)  pescada branca  37  introduced 
Order  Siluriformes     
 Family Auchenipteridae     
 Trachelyopterus galeatus (Linnaeus, 1766) cangati  3  endemic  
 Family Heptapteridae     
 Pimelodella gracilis (Valenciennes, 1835) niquim 75  endemic  
 Family Loricariidae     
  Pseudancistrus papariae (Fowler, 1941) cascudo barbudo     17 endemic  
  Hypostomus pusarum (Starks, 1913) cascudo 10  endemic  
Order  Synbranchiformes    
 Family Synbranchidae   
            Synbranchus marmoratus (Bloch, 1795) mussum  3 endemic  
TOTAL                                 602  

Environmental Variables 

The period from January to June is considered the traditional rainy season of this region, 
with the dry period occurring between July and December. During January, 2009 a rainfall of 
42.2 mm was registered marking the beginning of the rainy season.  
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(a) 

(b) 

Figure 3. Relative frequency of (a) orders, (b) families of fish species captured from the Piranhas-
Assu hydrographic basin, Brazil. 

The highest rainfall of 232.2 mm was registered in May and the lowest of 14.6 mm was 
in June with a mean rainfall of 62.5 mm (± 87.1 SD). No rainfall occurred during August to 
December, 2009. 

From January to December, 2009 the water temperature varied from 25°C to 30.3°C, 
with a mean of 27 °C (± 1.6 SD). The lowest values were recorded in April (25.5°C) and May 
(25°C), which correspond to the months of highest rainfall. The highest temperature was 
recorded in December (30.3°C) during the dry season. Concentration of dissolved oxygen 
ranged from a minimum of 5.7 mgL-1 in August to a maximum of 12.4 mgL-1 in February, 
with a mean of 7.5 mgL-1 (± 1.8). Hydrogenionic potential (pH) was alkaline throughout the 
study period, with a maximum value of 9.4 in November and a minimum of 7.8 in May, with 
a mean of 8.6 (± 0.5). Mean electrical conductivity was 439.5 μScm-1 (± 59.9), the lowest 
value of 330 μScm-1 occurred in May and the highest value of 533 μScm-1 occurred in January 
(Figure 4). 

Principal component analysis (PCA), applied to the environmental variables showed that 
the two first axes together explained 95.05% of the total variance in environmental variables. 
The first factorial axis explains 80.87% of data variance, while the second explains 14.18%. 
The ordination diagram shows that environmental variables such as concentration of 
dissolved oxygen and precipitation were the most influential factors during the rainy season 
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(January to June 2009), while pH, water temperature and electrical conductivity were the  
important factors in the dry season (from July to December 2009) (Figure 5). 

 
 

Table 2. Total length (Lt in cm) maximum, minimum and mean (±SD), weight (Wt in g) 
maximum, minimum and mean (±SD) and percentage of occurrence (Ci) of fish species 

captured in Piranhas-Assu hydrographic basin, Rio Grande do Norte, Brazil 
 

Species Lt  
Min  

Lt 
Max 

Lt  
Mean ±SD 

Wt  
Min 

Wt  
Max 

Wt  
Mean ±SD 

Ci (%) 

Astyanax bimaculatus  6.6 7.5 7.1 ±0.4 5.2 7.0 5.6±0.6 Constant (100) 

Triportheus signatus  12 18 14.5±0.8 24 45.5 27.5±4.9 Constant (100) 

Psectrogaster 

rhomboides  
13.5 15.5 14.73±8.5 30 59.5 42.0±7.9 Constant (100) 

Leporinus piau  9,6 30 14,92±4,8 11,5 428 52,9±30,7 Constant (100) 

Prochilodus brevis  18 24.5 17.6±8.1 83 210 127.7±115 Constant (100) 

Oreochromis niloticus  19 30 17.5±7.1 132 520 162±14.5 Constant (100) 

Plagioscion 

squamosissimus  
14.5 34.5 24.5±5.5 74 525 195.3±135 Constant (100) 

Pimelodella gracillis  8.5 16.5 13±1.8 2.5 26 14.1±5.8 Constant (100) 

Cichlasoma orientale  12.3 15 13.7±1.2 44 78 61.1±10 Constant (60) 

Pseudancistrus papariae  18 21.5 19.5±2.1 95 205 130.9±53.5 Constant (60) 

Hypostomus pusarum  17.5 22.5 9.1±2.4 91 203 129.7±52 Constant (60) 

Crenicichla menezesi  9.5 18.5 13.94±1.9 8.5 69.5 32.7±13.2 Constant (80) 

Cichla monoculus  13.5 27.5 21.1±5.5 65 310 166.6±110.2 Constant (80) 

Steindachnerina 

notonota  
12 13 12.51±0.5 14 18 15.7±2.1 Accessory (40) 

Astyanax fasciatus  7.3 7.6 7.5±0.13 5.9 6 5.9±0.12 Accessory (40) 

Hoplias malabaricus  30 45 39.7±4.7 420 1000 825±170.8 Accessory (40) 

Trachelyopterus 

galeatus  
15 20 17.7±2.5 68 125 95.8±28.3 Accessory (40) 

Synbranchus 

marmoratus  
26.5 42 35.5±8 19 230 146.7±11.5 Accessory (60) 

Leporinus elongatus 33 33 - 540 540 - Rare (20) 

Astronotus ocellatus  22.5 22.5 - 248.5 248.5 - Rare (20) 

Moenkhausia dichroura  7.5 7.5 - 4 4 - Rare (20) 

Serrasalmus rhombeus  23 23 - 193.5 193.5 - Rare (20) 
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Figure 4. Limnological variables: temperature, concentration of dissolved oxygen, pH and 
electrical conductivity. 
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Figure 5. Principal component analysis (PCA) of the variables: rainfall, water temperature, pH, 
electrical conductivity and dissolved oxygen. 

DISCUSSION 

Diversity of Icthyofaunal Communities 

The 22 fish species recorded in this study contribute significantly to increasing the 
knowledge of ictiofaunal species in the State of Rio Grande do Norte (RN), Brazil, located in 
the Caatinga ecoregion, since the previous studies conducted in this State described less than 
half the number of the species currently registered. Menescal et al. (2000) examined the 
freshwater fish landings from 1971 to 2000, listing seven fish species of commercial value in 
the Marechal Dutra reservoir. Chellappa et al. (2009) investigated on the reproductive 
seasonality and limnoecology of 12 native fish species pertaining to 4 orders and 9 families of 
this region. 
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An earlier taxonomical survey of fish fauna in several hydrographic basins of the entire 
Caatinga ecoregion registered the presence of 240 species, distributed in 7 orders. The order 
Siluriformes had the highest diversity with 101 species (family Loricariidae with 34 species; 
Pimelodidae with 27 species and Callichthyidae with 15 species). The order Characiformes 
presented the second highest diversity, with 89 species (family Characidae with 50 species). 
Among the Cyprinodontiformes, the family Rivulidae had the highest diversity with 24 
espécies. The rest of the orders were represented by Gymnotiformes (6), Perciformes (17), 
Myliobatiformes (1), Clupeiformes (1) e Symbranchiformes (1). Of the total fish species 
encountered, 9 were introduced and 136 were considered endemic to Caatinga. The 9 
introduced species were: Poecilia latipinna, P. reticulata, Plagioscion squamosissimus, 
Astronotus ocellatus, C. monoculus, C. ocellaris, Geophagus surinamensis, O. niloticus and 
Tilápia rendalli (Rosa et al., 2005). 

A study conducted in the freshwater environments of a reservoir on the Sharavathi River 
in India, described 43 tropical fish species, with a dominance of the family Cyprinidae 
(Sreekanth and Ramachandra, 2005). Bhakta and Bandyopadhyay (2008) investigated the 
freshwater perennial ecosystems located in West Bengal, India, and documented 45 fish 
species, distributed in 8 orders, 18 families and 29 genera. In Nyagui River basin, located in 
Zimbabwe, Africa, fish diversity was represented by 24 species and 8 families, with a 
dominance of the family Cyprinidae (Kadye and Marshall, 2007). Kouamélan et al. (2003), 
recorded 40 fish species distributed in 17 families and 26 genera in the hydrographic basin of 
the River Boubo in Ivory Coast. 

According to Livingstone et al. (1982) large rivers have more fish species than smaller 
ones and there is a strong correlation between the volume of water discharge, the area of 
drainage basin and the number of species. These relationships have been explained due to the 
fact that rivers with large drainage basins provide a greater diversity of habitats (Hugueny, 
1989). The river where the sampling was done during this work is small and consequently has 
fish fauna with a low diversity in comparison to large tropical rivers. Introduction of fish 
species from other hydrographic basins, and especially the introduction of the exotic Nile 
tilapia, could have possibly contributed to the reduction of native fish species in River Acauã. 

The high frequency of the fish pertaining to the order Characiformes registered in the 
present study is mainly due to the following reasons: (1) the order Characiformes includes 
most fish species encountered in the freshwater ecosystems of Brazil; (2) there is 
predominance of small sized fish species among the Characids, which are able to complete 
their life cycle in calm waters. Predominance of Characids has also been observed in a 
temporary Amazon lake (Chellappa et al., 2005), in the Paraná hydrographic basin (Hoffmann 
et al., 2005; Langeani et al., 2007; Agostinho et al., 2007) and in the Amazonian small 
streams (Mojica et al., 2009).  

The exotic Nile tilapia, O. niloticus outstands among the representative species in the 
Piranhas–Assu hydrographic basin. Tilapia has been introduced in the freshwater ecosystems 
of the Caatinga ecoregion since the beginning of 1970 in order to upgrade the fish production 
and fish culture (Gurgel and Fernando, 1994). Presently, it is a dominant species in most 
reservoirs of northeastern Brazil. This is due to its rapid growth, omnivorous food habits, high 
reproductive efficiency, parental care and resistance to environmental variations (Zambrano 
et al., 2006). In 2002, 87% of fish production in Brazil was based on the introduced species 
(Casal, 2006), and total gross production of tilapia of the genus Oreochromis increased 
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exponentially from 1970 to 2006 (Vitule, et al., 2009). Menescal et al. (2000) examined the 
fish landings in Marechal Dutra reservoir from 1971 to 2000 and observed changes in fish 
community structure after the introduction of Nile tilapia, with damages caused to the native 
species, such as, Prochilodus brevis, Leporinus sp. and Hoplias malabaricus. Besides tilapia 
other predatory species were introduced in this reservoir, such as: Plagioscion 
squamosissimus, Astronotus ocellatus and Cichla monoculus. A new predator in freshwater 
ecosystems often results in a total change in community structure, as it had occurred with the 
introduction of Nile perch in Lake Victoria in east Africa (Gophen et al., 1995) and the 
introduction Cichla ocellaris in Lake Gatun in Panama (Zarat and Paine, 1973).  

The endemic fishes are of great ecological importance. The loss of diversity through the 
introduction of species and construction of reservoirs on rivers could cause significant 
damage not only the community but also the ecosystem as a whole. Taylor et al (2006) 
emphasized on the importance of endemic species to its ecosystem when they investigated as 
to how the impact of the loss of a dominant migratory detritivorous fish species P. mariae, 
could alter the metabolism of ecosystems and the flow of organic carbon in an Andean river 
located in the Orinoco basin, which led to the degradation of the whole river.  

 Diversified factors influence the constant occurrence of fish species. The environmental 
variables associated with seasonality could change the number of individuals, altering the 
number of occurrence during a specific season. The occasional species are those which 
migrate for feeding and reproductive purposes. Some species such as, M. dichroura, S. 
rombeus, L. elongatus and A. ocellatus are considered rare.  

Ichthyofaunal surveys conducted in the reservoirs of Brazil showed a gradual decrease in 
the richness and diversity of fish over time, since the formation of the reservoirs (Agostinho 
et al., 1999; Benedito-Cecílio and Agostinho, 2000; Agostinho, et al., 2005; Agostinho et al., 
2008). This may be due to the deleterious effect exerted by the changing conditions of the 
reservoirs on the fish communities (Smith et al., 1993). The low diversity of fish in the 
reservoir could be explained by its age (over 30 years), operational procedures of the 
reservoir and uncontrolled fishing. Species richness may be associated with the number of 
samples (effort) and the reservoir area (Araujo-Lima et al., 1995), requiring care in 
comparison to other reservoirs. 

In tropical environments the temperature variations are influenced by the rainfall 
fluctuations. Rainfall stands out among the environmental variables, causing the carriage of 
soil nutrients, increasing the availability of food and enriching the aquatic ecosystems. 
Temperature oscillations in accordance with the fluctuations in rainfall show the seasonality 
of the region. The decrease in the level of available dissolved oxygen during the dry season 
could be due to utilization of oxygen for respiratory purposes by organisms and 
decomposition of organic matter that is usually abundant in tropical reservoirs. Aquatic 
ecosystems with alkaline pH values are found in regions with negative water balance, such as 
the reservoirs in Northeast Brazil (Chellappa and Costa, 2003). 

The values of electrical conductivity remained low throughout the study period, with 
increase during prolonged periods of drought and consequent dilution during the rainy season 
(Chellappa et al., 2003). The relationship between environmental variables shows that rainfall 
influences these variables, showing its importance in the seasonality of the Caatinga region. 
The abundance of fish was significantly related to the environmental variables. Matthews 
(1998), Matthews et al. (1992) and Agostinho et al. (2004) verified the importance of 
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limnological variables in structuring fish communities in different types of freshwater 
environments. 

The conservation of fish diversity is a major global environmental challenge (Park et al., 
2003). For this, serious and urgent political action is needed to curb human activities, such as 
over fishing; release of chemicals, agricultural waste, urban and industrial sewage effluents in 
aquatic ecosystems; the construction of reservoirs, dams and canals; the extraction of sand 
and other minerals; destruction of riparian vegetation and wetland fringe, and the introduction 
of alien or exotic fish species. These factors are the main causes of loss of fish diversity. 
There are few management programs to conserve the diversity of freshwater fish, which are 
intended to fisheries policies, such as the identification and listing of species, the 
determination of population size and evaluation of fish reproductive behavior. These 
measures are of fundamental importance for the conservation of fish. 
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ABSTRACT 

This study reports on the temporal dynamics of feeding and reproduction of the 
damselfish, Stegastes fuscus in the coastal rocky reefs of northeastern Brazil. Water 
temperatures and rainfall data were registered and fish were captured on a monthly basis 
during one year. Fish body weights and lengths were measured and the stomachs were 
removed and classified according to the degree of fullness. The gonads were weighed, 
examined for sex determination and maturation was determined based on macroscopic 
inspections. A higher frequency of females (78%) was registered in relation to males 
(22%). The lowest mean degree of stomach fullness was observed in August and the 
highest in January. Only 2.49% of the fish had empty stomachs and 97.51% had mainly 
macroalgae in their stomachs. The period of February to August was associated to a long 
phase of gonadal resting in males and females. Two peaks of spawning were registered 
during January and September - October. 
 

Keywords: Pomacentridae, damselfish Stegastes fuscus, feeding, reproduction, 
environmental parameters. 
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INTRODUCTION 

The species that inhabit coral reefs are strongly influenced at low tides by external factors 
such as temperature, luminosity, and rainfall, among others (Klumpp et al. 1987; Cleveland 
and Motgomery 2003). These effects are due to the low volume of water in these areas, which 
are usually trapped in tide pools. Thus, it is expected that tropical fish communities living in 
tide pools are influenced by external factors which vary throughout the year. Marine fish 
populations show a wide adaptive radiation in foraging habits and exhibit annual changes in 
their feeding pattern (Lison de Loma et al., 2000) and reproductive dynamics (Richardson et 
al., 1997; Araújo and Chellappa, 2002; Asoh 2003; Picciulin et al., 2004). Effects of 
temperature, luminosity and rainfall on annual distribution and reproduction have been 
detected in marine fish (Gibson et al., 1993; Chellappa et al., 2010). However, few studies 
have dealt with tropical reef fish (Schwamborn and Ferreira, 2002; Osório et al., 2006). 

Fish in the equatorial regions are more influenced by rainfall and are less subjected to 
variations in temperature and photoperiod, since they are practically constant all around the 
year (Volpato and Trajano 2006; Chellappa et al., 2010). Thus, fish in the equatorial regions 
are useful for investigating the influence of the dry and rainy periods on their biology, since 
other intervening factors are rather reduced. 

The damselfish, Stegastes fuscus (Cuvier 1830), (Osteichthyes: Perciformes: 
Pomacentridae), occurs in tide pools located in the coastal rocky reefs in northeastern Brazil 
was investigated. The objective of this study was to verify the sex ratio, the body length and 
body mass structure of males and females, the degree of stomach fullness and gonadal 
development of S. fuscus in order to understand the temporal dynamics of feeding and 
reproduction of this species. An attempt was made to correlate the spawning season of S. 
fuscus with rainfall, one of the environmental factors known to modulate the duration and 
timing of the spawning period of tropical fish. 

MATERIALS AND METHODS 

Study Area and Sample Collection 

Samples of damselfish S. fuscus were captured from the tide pools located in reef 
formations (approximately 3 km in extension), in Búzios Beach, Nizia Floresta, Brazil 
(06º00’40’’S; 35º 06’38’’W), located in the South Atlantic Equatorial Zone (Figure 1). In the 
collection site there were other co-occurring fish species pertaining to Pomacentridae, 
Serranidae, Lutjanidae, Haemulidae and Scianidae. The benthonic macroalgal flora of this 
area include Rhodophyta, Chlorophyta and Ochrophyta with dominance of Hypnea 
musciformis (Rhodophyta), Gracilaria spp (Rhodophyta), Solieria filiformis (Rhodophyta), 
Gelidium coarctatum (Rhodophyta) and Padina gymnospora (Ochrophyta) (Marinho-Soriano 
et al., 2009). 

Fish were captured on a monthly basis during the lowest daytime tides, from September 
2005 to August 2006. The observations on fish occurrence were made at low tide periods, 
when they were influenced by variations during the course of the year. Water temperature 
(°C) was recorded monthly in the field when the fish were captured. Rainfall data (mm) was 
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obtained from the Meteorological Station of the Universidade Federal do Rio Grande do 
Norte (UFRN), Natal, Brazil. 

Fish were captured with a 0.5 cm mesh hand net, 90 min before and 90 min after the peak 
low tide. The captured specimens were placed in plastic bags and packed on ice in a thermal 
container and were then transported to the Laboratory for immediate inspection. The voucher 
specimens were deposited in the fish collection of the Ichthyology Laboratory of the 
Departamento de Oceanografia e Limnologia, Universidade Federal do Rio Grande do Norte, 
Brazil. 

Measurements 

The total body mass (TW) of each fish was registered to the nearest 0.001 g. The fish 
were measured to obtain standard (SL) and total (TL) body lengths to the nearest 0.1 cm. The 
gonads were examined to identify the sex of each individual. 

Macroscopic Examination of Gonads and Estimation of GSI 

The location and general aspects of the gonads were observed and the stages of 
reproductive maturity were determined macroscopically according to classification of Asoh 
(2003). Gonadosomatic index (GSI) was calculated as the ratio between gonad mass and total 
body mass for females (Wootton et al. 1978). 

Estimation of the Degree of Fullness of Stomachs 

The stomachs were removed and their degree of fullness were classified according to 
Berg (1979): 0 (empty), 1 (up to 25% full), 2 (between 25% and 75% full) and 3 (between 
75% and 100% full). To estimate these percentages, the food contents were accumulated at 
the bottom of the stomach and then this filled region was estimated in relation to total 
stomach volume. Stomach contents were identified using identification manuals for 
macroalgae and Diatomaceae (Werner, 1977; Reviers, 2006; Marinho-Soriano et al., 2009). 

Statistical Analyses 

Monthly analysis of frequency of occurrence of males and females was performed to 
obtain the sex ratio. Mean values were compared by ANOVA in order to assess the variations 
considering month, sex and seasonality (dry and rainy). Tuckey test was used for testing 
differences between particular pairs of means. The repletion index was square root 
transformed. The Goodman’s test was used to verify the proportions between the numbers of 
fish (Goodman 1965), while χ2 was used to test for differences in the frequency of males and 
females along the year and during the dry and rainy seasons. Significance was attributed at 
5% level. 
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RESULTS 

Rainfall and Water Temperature 

During the study period, northeastern Brazil experienced six months of dry season from 
September, 2005 to February, 2006 and during this season the rainfall varied from a 
maximum of 44.0 mm to a minimum of 2.0 mm, with a mean rainfall of 18.33 mm (±sd 17.39 
mm).  

The rainy season extended from March to August, 2006, during which period the rainfall 
varied from a maximum of 752.0 mm to a minimum of 90.0 mm, with a mean of 307.83 mm 
(± 274.52 mm). There was a significant difference between the rainfall levels during the dry 
and rainy seasons (t = 2.578; p=0.0275). 

The water temperature varied from a maximum of 36°C in March, 2006 to a minimum of 
25°C in July, 2006. During the dry season the mean water temperature was 32.67ºC (± 
1.21ºC), with a maximum of 34.5ºC to a minimum of 31ºC. During the rainy season the mean 
water temperature was 30.58ºC (± 4.65ºC) with a maximum of 37ºC to a minimum of 26ºC. 
There was no significant difference between the water temperature during the dry and rainy 
seasons (t = 1.259; p=0.2366). 

Total Body Length, Body Mass and Sex Proportion  

The frequency of individuals by standard length classes showed a normal distribution. 
Males and females ranged from 3.0-4.5 to 10.5-12.0 cm in length classes (Figure 2a). There 
were significant differences in the number of males and females throughout the study period, 
except for the months of July and August (Figure 2b). There was a higher proportion of 
females (78%) than males (22%) in the total sample (n= 562) (χ2 = 35.75). 

The length-mass relation was not different for males and females indicating that weight 
increment is positively allometric in relation to total length. The length and mass was 
correlated by an exponential curve (r = 0.9876 for females and r =0.9911 for males). (Figure 
3) 

The total length of fish was more distinct between the sexes at the beginning of the dry 
season (Figure 4a; F = 0.43; p=0.83). The fish were significantly larger in March and April 
than during the other months (F = 2.38; p=0.04) (Figure 4a). However, standard length of fish 
varied between the sexes on a temporal scale. 

In the months of July-August and November- December, the females were significantly 
larger than the males (Figure 4b; F = 3.24; p=0.007). The females captured in March-April 
and July-August had higher mean standard length compared to the other months.  

The males captured in March-April were the largest and those captured in November-
December were the smallest. Body mass was equally affected in relation to sex and month 
(Figure 4c; F = 2.75; p=0.02). The females had greater body mass than the males in January-
February, whereas the male body mass was the highest in March-April (Figure 4c). 
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Figure 1. Study area: Búzios Beach, Nísia Floresta, RN, Brazil (The arrow indicates the collection 

site). 

 

 

Figure 2. The frequency of occurrence of individuals by standard length classes (a) and monthly 

variation in percentage of occurrence (b) of males and females of Stegastes fuscus in the coastal 

rocky reefs (The * indicate significant differences). 
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Figure 3. Relation between body length and body mass in males and females of Stegastes fuscus. 

The Degree of Fullness of Stomachs 

Of the 562 specimens examined, a low proportion of 14 had empty stomachs (2.49%), 
whereas 548 specimens (97.51%) had stomach contents consisting mainly of macroalgae 
(Gelidium sp., Grasilaria sp. and Padina sp.), benthonic diamatoceae and organic debris. The 
highest frequencies of empty stomachs occurred from August to December, whereas the 
highest frequencies of stomachs with food occurred from January to July. The stomach 
fullness did not vary throughout the year. The lowest mean repletion level (1.59) was in 
August, and the highest (2.29) occurred in January (Figure 5). 

Repletion index of fish varied over the months (Figure 6). No correlation was observed 
between fish size (standard length, total length and body mass) and repletion index, regardless 
of sex and season (r = 0.45, p>0.05, n = 6). Repletion index did not differ between males and 
females (F = 0.38; p=0.54), despite the variations observed over the months (F = 2.22; p = 
0.05) (Figure 6). 
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Figure 4. Total length, standard length and body mass of Stegastes fuscus in relation to sex and 
seasonal variation. (The * indicate significant differences between the sex when compared during 
the same period). 
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Figure 5. Mean monthly values for degree of stomach fullness for pooled sex in  
Stegastes fuscus. 

 

 

Figure 6. Stomach repletion rate in Stegastes fuscus according to sex, season and across months. 
(The groupings of horizontal lines indicate similar indices and simple letters above the lines 
indicate significant differences). 

Macroscopic Aspects of Gonads and GSI 

Five stages of gonadal maturation (immature, developing, mature, spent and resting) were 
identified. The gonadosomatic index (GSI) of females was high in September, 2005 and in 
January, 2006. The period between February and August, 2006 was associated to a gonadal 
inactivity period. Females with developing and resting gonads predominated in the rainy 
season (Figure 7a and 8). The highest mean GSI values coincided with the lowest 
temperatures (Figure 7b). 



Feeding and Reproductive Dynamics of the Damselfish. . . . 121

 

Figure 7. Monthly mean values of (a) rainfall and GSI (b) water temperatures and GSI in females 
of Stegastes fuscus. 

Though the development of gonads did not vary much throughout the year, the gonadal 
development profiles of males and females were different during both dry and rainy seasons 
(Figure 8). The females were predominately with developing gonads, whereas the males, for 
the most part, were juvenile and with immature gonads. 
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Figure 8. Fish proportion in relation to sex, gonadal status, dry and rainy season in Stegastes 
fuscus. 

DISCUSSION 

Both males and females of this species showed positive allometric growth. Though the 
classical sex ratio is a balanced one, usually being 50% of males and 50% of females 
(Nikolsky 1969), the proportion between males and females was different from 1:1 in the 
present study, since females were predominant during most of the months. This is possibly 
due to the behavior of these individuals since territoriality is common among pomacentrids 
during the reproductive phase. Males of S. fuscus guard the eggs in territories before and after 
they hatch, thus keeping off the predators and unwanted female intruders. Male care also 
includes ventilation of eggs, cleaning of territory and discarding dead eggs, and these 
activities occupy about 25% of their time (Petersen 1995). This behaviour, possibly results in 
potential coasts for the territorial males, which include lack of food during parental care 
(Tabata 1995; Blazquez et al. 1998; Gaillard et al. 2004), predation risks from bigger fish and 
mortality difference between the sexes (Hatcher 1981; Carpenter 1986; Klumpp and Polunin 
1989). 

The difference in spatial distribution between S fuscus males and females, as well as for 
other species, has been reported (Munro 1976). In this study, S fuscus males were distributed 
predominately along the outer edges of the reefs, which are deeper, while the females were 
found in shallower areas. 

Populational stratification could be another factor responsible for the unbalanced sex 
ratio of this species. The predominance of males of S. diencaeus in Barbados appears to be 
related to specific exigencies of males and females, resulting from environmental resources, 
like appropriate sites for breeding territories, proximity to cleaning stations and search for 
cleaning agents, depending on the parasitic loads (Cheney and Côté 2003). Thus, a possible 
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populational stratification appears to be a more adequate explanation to justify the difference 
observed in sex ratio and such intra-specific variation is a common characteristic among reef 
fishes (Nemtzov 1997; Sikkel et al. 2005). 

Seasonal variation in relation to the body size, food intake and gonadal development of S. 
fuscus was observed, with variations associated to rainfall. The mass-length equation 
indicates how much one variable changes in association with the variation of the other. In this 
context, the relation between body mass and length of S. fuscus showed slightly higher values 
compared to the value reported by Bohnsack and Harper (1989). This difference may be 
explained by the fact that smaller fish (from 3 to 8 cm in furcal length) were used, whereas in 
the present study the size range of fish was larger (2.9 to 11.4 cm). 

Differences in the mass-length relation between sexes have been reported for several fish 
species (Le Cren 1951), and are a consequence of the higher energy expenditure of females 
during gonadal maturation (Wootten 1995). Even though the fish in the present study were 
predominately in the immature and developing gonadal phases, the expected marked effect of 
sex on the weight-length relation did not occur. One explanation for this finding is that, 
although female energy expenditure in producing gonads is greater, S. fuscus males spend 
energy defending their territory and protecting the territory (Itzkowits et al. 2000; Sikkel et al. 
2005). Coasts of territorial defense by males may be equivalent to expenditure of energy by 
female on gonadal development, which could explain the similarity in the mass-length curves 
of males and females. 

This study confirms the herbivorous nature of S. fuscus in accordance with Ferreira et al. 
(1998) and Osório et al. (2006). There was no difference between the sexes in stomach 
repletion rates, though there was a higher rate between January and June. The increased 
ingestion may be related to the reproductive phase. This association may lead to accumulation 
of sufficient energy to complete the gonadal development. On the other hand, the higher 
repletion level may result from greater food availability. That is, reproduction may be 
associated with the period of greater food supply, which would guarantee not only adult 
development, but also offspring survival. This profile coincides partially with the higher S. 
fuscus length patterns found in March-April and July-August. There was a predominance of 
larger specimens in the rainy season, which seems to be a response more associated to food 
availability than to reproduction. The food supply is greater in the rainy season and therefore, 
in the dry period, the larger specimens must search for other feeding sites, which would 
explain the size variation of the fish collected in this study. 

Considering the gonadal development phase of S. fuscus, the females were in a more 
advanced stage of gonadal development than the males. The action of external influences has 
been considered as important spawning synchronizers, for example, in Chromis dispilus 
(Tzioumis and Kingsford 1995). The different gonadal development phases between S. fuscus 
males and females suggest that there must be some acceleration mechanism for males or a 
delay mechanism for females that synchronizes the spawning period in this species. However, 
rainfall had no effect on overall gonadal development. Since temperature and photoperiod 
duration are relatively constant throughout the year in the study area, other environmental 
stimuli might have caused an influence. In tropical regions the dynamics of fish reproduction 
is associated mainly to rainfall, which is expected for fish populations in an equatorial region 
(Volpato and Trajano 2006; Chellappa et al., 2010). However, this association was not clear 
in this study. The spawning of S. fuscus occurred mainly in the dry season (September and 
February), whereas the initial gonadal development stages predominated in the rainy season. 
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The spawning season observed in this study is slightly different to those reported for 
pomacentrids from other geographical regions. Sale (1977) reported a 5-9 month spawning 
season duration for pomacentrids, with multiple, weekly or monthly frequencies, promoting a 
wide dispersion. In the northeast Caribbean, Chronis cyanea spawn in April, Microspothodon 
chrysurus in March, S. fuscus in January, June and September, and S. leucostictus in 
September (Erdman 1976). In the Red Sea, the numerous pomacentrid species, with their 
varied spawning behavior, reproduce from March-April to September (Fischelson et al. 
1974). 
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ABSTRACT 

Thyroid dysfunction may have an important role in skin in mammal. We aimed to 
understand the role of thyroid hormones in skin development in rat. Methimazole induced 
hypothyroid rat exhibited significant histological changes in epidermal skin tissue. The 
amount of hair follicles, mesenchymal fibroblast cells and collagen was reduced in 
hypothyroid group. Therefore, thyroid dysfunction may be an important cause for 
epidermal dysfunction and skin related diseases in mammal. 
 

Keywords: Thyroid, methimazole, thyroxine, epidermis, dermis, hair follicle, collagen, 
fibroblast. 

INTRODUCTION 

The thyroid gland is specialized organ for endocrine function in the body. The gland 
secretes thyroid hormones which promote normal growth and development and regulate a 
number of homeostatic functions in the body (Fujita, 1988). In recent times, thyroid diseases 
are being diagnosed very common and its relation with growth of epidermis and dermis has 
been the topic of intense investigation. Several observations provide some clues as to the 
possible mode of the regulatory action of thyroid hormone (TH) in the skin indicating that in 
hypothyroidism there is a slow metabolic rate due to alteration of glandular function. 
Hypothyroidism may be an important cause of dryness of skin, poor wound healing and loss 
of hair all over scalp (Joshua et al., 2003). 
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Our study investigated the histological changes of skin epidermis in rat under 
experimentally induced hypo- and hyperthyroid condition. The observation from the study 
may help to understand how thyroid dysfunction is correlated with the skin function.  

MATERIALS AND METHODS 

The laboratory experiments were performed using rat (Rattus rattus) as a mammalian 
model. Normal young adult rat aged 8-10 weeks and weight 100-110 g were housed in 
polypropylene cages and were acclimatized in laboratory condition for a week with natural 
light and dark schedules prior to experimentation. The animals were fed standard rodent diet 
and water was provided ad libitum.  

They were divided into hypothyroid, hyperthyroid and their respective control groups. 
Group I animals were treated with Methimazole 20 mg/kg body weight/day for 14 days. 
Group II animals were treated with thyroxine 600 μg/kg body weight/day for 14 days. Before 
autopsy, Rats were anesthetized with chloroform. Blood was drawn directly from heart for 
serum T3, T4 hormones. Dorsal skin was dissected out and fixed in Bouin’s fixative 
(Parakkal, 1961). Then tissues were processed through graded alcohols, paraffin embedded, 
sectioned (5μ), mounted on glass slide and stained with hematoxylin-eosin for histological 
analysis. 

Tissues were also stained with Masson’s Trichrome for collagen study. Rat skin cells 
viability was determined by Trypan Blue staining. T3 or T4 concentrations in rat serum were 
determined by radioimmunoassay (RIA). 

RESULT 

Serum T3, T4 level 

The results showed significant changes in T3, T4 hormones (Figure 1A and B). The serum 
T3 and T4 levels were significantly reduced in hypothyroid rat whereas in contrast the levels 
significantly elevated in hyperthyroid rat as expected and confirming that they were indeed in 
a hypothyroid and hyperthyroid state 

Histology of Skin Epidermis 

Significant changes were observed in the cytomorphology of skin in the hypothyroid 
group when compared with the control group under light microscopy (Figure 2A and B). 
General morphology of skin epidermis was altered in hypothyroid rat. Hypothyroidism 
showed thin, folded epidermis and reduced hair follicles. The number of mesenchymal 
fibroblast cells were reduced significantly in hypothyroid rat (Figure 3A and B). 
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Figure 1. Plasma concentrations (ng/dL) of T3 (A) and T4 (B) in hypothyroid and hyperthyroid 
rats. Values are expressed as Mean ± SEM. 

 

 
2(A)  2(B) 

Figure 2. (A, B): (A) Normal rat skin epidermis (x 400), (B) Hypothyroid rat skin epidermis (x 
400). Hair follicles are indicated by the arrow. 

 

 
3 (A) 3 (B) 

Figure 3. (A, B): (A) Normal rat skin fibroblast cells (x 400), (B) Hypothyroid rat skin fibroblast 
cells (x 400) as indicated by the arrow. 
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Trypan Blue Staining of Skin Cells 

Significant number of hypothyroid rat skin mesenchymal cells showed trypan blue 
positive response. Dead cells of hypothyroid rat skin were blue in colour whereas the viable 
cells of controls were white (Figure 4A andB). 

 
 

 
4 (A)  4 (B) 

Figure 4. (A, B): (A) Normal rat viable skin cells, (B) Hypothyroid rat skin cells. Dead cells are 
indicated by the arrow. 

Masson's Trichrome Staining of Collagen 

Hyporthyroid epidermis showed reduced amount of collagen (Figure 5 A and B). Masson 
trichrome stained all the collagen fibres blue whereas nuclei were black and cytoplasm was 
red. 

 
 

 
5 (A)  5 (B) 

Figure 5. (A, B): (A) Normal rat skin (x 400), (B) Hypothyroid rat skin (x 400).Collagen fibres are 
indicated by the arrow. 
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DISCUSSION 

In the present investigation, we used methimazole to induce hypothyroidism and 
thyroxine to induce hyperthyroidism, as reflected in the serum T3, T4 levels (Pantos et al., 
2005; Grofte et al, 1997). The present study clearly indicates that hypothyroidism adversely 
affects skin function. Thyroid hormones are essential for normal function of keratinocytes and 
fibroblasts. Hair growth particularly depends on thyroid hormone. Their effect may be either 
direct or indirect (Joshua, 2003). We observed that the size, shape and number of hair 
follicles were significantly reduced in hypothyroid rats. Previous research had revealed that 
thyroid hormone exerts its effect on skin via thyroid hormone receptor (TR) (Joshua, 2001). 
Collagen structures are essential for wound tensile strength. Without adequate tensile strength 
of collagen structures, dehiscence and evisceration can occur (Konstantinos, 2006). We found 
that total collagen of the skin was lower in the hypothyroid rats than in the controls. The 
results of the present study suggest that the rate of collagen synthesis is decreased in 
hypothyroidism. In addition hypothyroidism is accompanied by decreased rate of catabolism 
of collagen (Kari, 1967). We found hypothyroidism significantly affects the skin cells. As the 
fibroblast cells are responsible for the synthesis of collagen, the fewer number of fibroblast 
cells in hypothyroid rat may be associated with decreased rate of collagen biosynthesis 
(Smith, 2002). Therefore, thyroid dysfunction may be an important cause for various skin 
diseases as well as delayed wound healing. 
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ABSTARCT 

Biological aspects of the terrestrial garden slug Deroceras laeve including 
oviposition, hatching, generation period, life span as well as growth parameters were 
studied under laboratory conditions. Results revealed that mating is not essential for this 
species to lay eggs, while self-fertilization is the normal breeding system. The oviposition 
period averaged 33.6 days, during which the individual laid an average of 34.5 eggs. The 
incubation period averaged 18.2 days. While the generation period (from egg to egg) 
lasted 83.3 days in average. On the other hand, the maximum life span durated an average 
of 135.9 days. 

Growth parameters, depending on the increase and decrease of slug body weights, 
rapidly increased during the first two months of the age, and then gradually decreased. 
 

Keywords: Deroceras laeve – self-fertilization - oviposition – generation period – growth 
parameters. 

INTRODUCTION 

The land slugs have a wide range of feeding habits. Rollo (1983) stated that the terrestrial 
slug Arion ater is general herbivores that eat a wide variety of the leaf litter, green plants and 
fungus. 

Harper (1988) mentioned that the banana slug, Ariolimax columbianus feeds on living 
and decaying vegetation such as roots, fruits, seeds, bulbs, lichens, alage, fungi, animal 
droppings and carrion. It was also stated that mushrooms such as Pleurolus ostrealus and 
Boletus edulis are a frequent food source for this slug. Capinera (2001) mentioned that slugs 
are fed on plant tissue, causing serious defoliation injury to leafy vegetables and its seedlings. 
Seedlings are often cut off at the soil surface by slugs. They also feed below-ground on roots 
and tubers of beet, carrot, potato, radish and turnip. Also, slugs usually feed on the surface of 
potato tubers, tomato and eggplants fruits, but sometimes dig deeply into the flesh of these 
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vegetables. While, Keller and Snell (2002) indicated that most slug species are generalists and 
are fed on a broad spectrum of plant tissues in nature such as green leaves of living plants, 
lichens, mushrooms, decaying vegetation and even carrion as well as they are fed on carrots, 
peas, apples and cabbage that are offered as a sole food source. 

In Egypt, the land slugs are becoming a serious pest during the last two decades, where 
they attack various types of plants. It was found that the marsh slug Deroceras laeve (Müller) 
fed on lettuce leaves (Lactuca sativa L.), Egyptian clover (Trifolium alexandrinum L.), leaves 
and pods of broad bean (Vicia faba L.), carrot root (Dacus carota L.), leaves and fruits of 
tomato (Solanum lycopersicum), fruits of squash (Cuecurbita pepo), fruits of strawberry 
(Fregria ananassa Duch.) and fruits of cucumber (Cucumis sativus L.) that offer the main 
sources of food. 

Thus, the main objective of this investigation is to spot more light upon the biological 
aspects of the dominant land slug D. laeve under laboratory conditions. 

MATERIAL AND METHODS 

Fifty individuals of the land slug species Deroceras leave (Müller) have been hand-
collected during February 2008, under different types of ornamental plants such as aluminium 
plant (Pilea cadierier L.), polar palm (Chamaedorea elegans) and ficus (Ficus nitida) from 
some nurseries in Cairo Governorate. The individuals were kept in two plastic boxes (27 x 27 
x 25 cm) with fresh lettuce leaves (Lactuca sativa L.) which offered a sole food source. Boxes 
were covered with muslin cloth and fixed with rubber band to prevent slugs from escaping, 
then transferred to the laboratory. 

The soil of each box was searched twice daily for batches or clutches (egg-masses) and 
remoistened as required. The slugs were supplied with fresh lettuce leaves and the remained 
leaves were removed. The newly deposited batches were left in the same box and time of 
oviposition was recorded, while slug individuals were only transferred to new prepared box. 
The batches were observed twice daily till hatching to determine the incubation period and 
hatchability. 

The juveniles or offsprings (new hatch slugs) were placed singly in plastic cups (10 x 6) 
cm filled with moist clay soil to depth of five centimeters with disks of lettuce leaves and 
each covered with muslin cloth with rubber band to prevent escaping. Fresh lettuce leaves 
were provided and moisture was added daily until juveniles reached maturity and complete 
their life span. 

Juveniles were weighed monthly, using a digital balance, to determine their growth rate. 
Growth rate was calculated monthly according to the formula: 

 

 
 

where WI and WF are the initial and final weights of slugs for given periods.  
The regression analysis was carried out for weight and growth rate over age according to 

the model: 
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Y= α + ß X 
where Y is the dependent variable (slug weight or growth rate). 

α is the intercept 
ß is the slope of regression of Y over X 
X is the age in months. 

RESULTS 

Incubation Period and Hatchability 

Forty-six slugs simultaneously deposited batches, with a range of 3 – 19 eggs for each, 
were observed twice daily till hatching to determine its incubation period and hatchability. 
The incubation period ranged from 17 to 21 days with an average of 18.2 ± 1.3 days under 
laboratory conditions of 23.2 ± 0.7 °C and 50.3 ± 2.8 % R.H. (Table 1).The hatchability 
ranged from 28 to 100% with an average of 79.2 ± 20.0%.It was noticed that the egg mass 
may be hatched completely during one day or within few days ranged from two to six days. 

Life Cycle and Generation Period 

After hatching 70 juveniles were separated each in prepared plastic cups as described 
before and observed daily till maturity and oviposition. 

It was difficult to differentiate between immature and mature slugs by the external shape 
or size. Thus, the life cycle from hatching till juveniles reach maturity including the pre-
oviposition period ranged from 61 to 68 days with an average of 63.5 ± 2.0 days (n=30) at an 
average of 24.1 ± 0.2°C and 50.0 ± 0.3% R.H. While, the generation period (from egg to egg) 
lasted an average of 83.3 ± 2.8 days under the same mentioned laboratory conditions (Table 
1). It was observed that the mortality ratio was higher during juvenile period (about 43%) 
than in adult stage (0.0%). 

Oviposition 

Individuals of D. laeve slug are hermaphrodites, each one possessing both male and 
female sexual organs, thus self-fertilization is dominant occur in this species. Under 
laboratory conditions of 26.9 ± 3.9°C and 57.8 ± 5.2 % R.H., the oviposition period (from 
first to last deposited egg) lasted an average of 33.6 ± 7.1 days (Table 1) (n=30) during which 
the slug individual laid an average of 6.1 ± 2.2 batches each with an average size of 5.6 ± 1.2 
eggs. Days elapsed between deposited batch and another averaged 6.6 ± 2.2 days (Table 2). 
On the other hand, the total number of deposited eggs per individual averaged 34.5± 10.2 
eggs during its oviposition period under laboratory conditions (Table 2). The eggs were 
whitish and translucent, with a dimension averaged 2.0 ± 0.3 X 1.8 ± 0.3 mm per egg. 
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Table 1. Duration in days of different stages of D. laeve under laboratory conditions 
 

 
 

Table 2. Fecundity of D. laeve under laboratory conditions of 26.9 ± 3.9°C  
and 57.8 ± 5.2 % R.H. 

 

 

Post-Oviposition and Life Span Period 

Post-oviposition period was calculated from last laid egg till mortality. It durated an 
average of 33.3 ± 7.6 days. While the life span period from hatching till death averaged 135.9 
± 10.9 days under laboratory conditions of 26.9 ± 3.9°C and 57.8 ± 5.2 % R.H. (Table 1). 

Growth Parameters 

The averages of slug weights and growth rates over age are presented in Table (3) and 
Figure (1and 2). The weight had gradually increased every month and was the maximal by the 
third month of age, ranging from 0.05 to 0.16 g with an average of 0.091± 0.025 g. The slug 
weight had declined to 0.061 g in the fifth month.  

 
Table 3. Body weights and growth rates of land slugs D. laeve over age 

 
Growth rate (%) Body weight (g)  

Range LSM ± SD Range LSM ± SD Age (month) 
  0 – 0 0.0 Zero time 

0.0 - 100 23.33 ±43.02 0.0 – 0.03 0.0053 ± 0.01 1 

33.3 – 100 88.35 ± 22.0 0.02 – 0.08 0.053 ± 0.02 2 

11.11 – 71.43 40.20 ± 14.06 0.05 – 0.16 0.091 ± 0.03 3 

-100 – 0.0 -26.81 ± 25.5 0.05 – 0.1 0.072 ± 0.02 4 

-60 –11.11 -20.53 ± 12.0 0.04 – 0.09 0.061± 0.02 5 

-20.289** 0.01303** Regression 
coefficient (ß) 

**(P ≤ 0.0001). 
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Figure 1. Averages of slug weights over age. 

 

 

Figure 2. Averages of growth rate of slugs over age. 

Figure (3) shows the regression of slug weight over age, where the slug weight at 
hatching time (zero time) was significantly (P ≤ 0.0001) estimated to be 0.01750 g, and was 
significantly (P ≤ 0.0001) increased by 0.01303 g every month. The results indicate that the 
slugs had increased in weight during the activity period for up to 3 months of age. The 
maximum growth rate of the slugs was 88.349% by the end of second month and then 
retarded with age. 

Figure (4) presents a significant (P ≤ 0.0001) regression slope of growth rate over age, 
where the growth retardation was by -20.289% every month. It is obvious that the slugs had 
significantly grown fast during the first month of age and the reduction in growth rate 
thereafter denotes that the increase in slug weight every month was in decreasing rate. The 
correlation coefficients (Table 4) indicate that the most important period of the land slug life 
cycle is between first and second months of age. 
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** P ≤ 0.0001. 

Figure 3. Regression of slug weight over age. 

 

 
**P ≤ 0.0001. 

Figure 4. Regression of slug growth rate over age. 
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Table 4. Estimates ates of correlation coefficients among slug weights  
and growth rates over age 

 

 
NS, non significant. 
** significant (P ≤ 0.0001). 

 
The significant positive correlations between slug weight at second month of age and the 

subsequent weights reveal the significance of the weight accumulated by the end of second 
month on subsequent slug weights. 

Also, the significant positive correlation between growth rates at first and second months 
of age denotes to the significance of the growth process during the first to second month 
period. So, it is concluded that the growth rate between first and second month of age was 
significantly critical to the slug weight at second month and the subsequent weights. 

DISCUSSION 

McCracker and Selander (1980) reported that many species of terrestrial slugs of several 
families, including some of the more ubiquitous and familiar forms are monogenic or nearly 
so, apparently as a consequence of frequent or obligatory self-fertilization. They also reported 
that many slug species have different breeding systems in other regions. Arion ater in Europe 
may consist of both outcrossing and self-fertilizing strains, as does A. subfuscus in North 
America. 

In this work, the laboratory studies showed that copulation in the terrestrial slug D. laeve 
is not essential for oviposition, where self-fertilization was the normal breeding system in all 
separated individuals. 

Rollo (1983) mentioned that the terrestrial slug Limax maximus produced about half the 
number of batches in the monoculture (2.02 batches / slug) compared to slugs caged with 
Ariolimax columbianus (4.0 batches / slug) or Arion ater (3.57 batches / slug). While in the 
laboratory, only one individual of L. maximus produced five batches of eggs in one season. 
On the other hand our study revealed that Deroceras leave gave (6.1 batches / slug) under 
laboratory conditions. 

According to Rollo (1983), the mean number of eggs / batch was significantly differed 
among species, hence in A. ater averaged 47.9 eggs / batch, L. maximus produced 59.3 eggs / 
batch and A. columbianus laid 17.7 eggs / batch. While in this investigation D. laeve recorded 
an average of 5.6 eggs / batch under laboratory conditions. 

The total number of produced eggs per individual slug differed according to species. 
Capinera (2001) mentioned that individual slugs of Deroceras reticulatum produce about 100 
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– 200 eggs during their life span. While in this work it was found that the total number of 
deposited eggs per individual slug of D. laeve averaged 34.5 eggs during its life span. 

The incubation period differs according to species and temperature as well as hatching 
rate. Sokolve and McCrone (1978) recorded that the incubation period of slug Limax maximus 
lasted one month at 15ºC. While, Faberi et al. (2006) mentioned that the incubation period of 
the slug Deroceras laeve was 35.3 and 16.03 days and the hatching rate 89.2% and 66.4% at 
12 and 20ºC, respectively. 

In this work it was found that the incubation period of the marsh slug D.laeve averaged 
18.2 days with hatchability of 79.2% under laboratory conditions of 23.2ºC and 50.3% R.H. 

The generation period (from egg to egg) of an slug is differed according to species. 
Hunter (1968) reported that D. reticulatum in England had two generations per year; A. 
hortensis had one generation annually and Tandonia budapestensis required two years for a 
single generation. In this study, it is agreed with Hunter (1968) and Alford (1984) that A. 
hortensis has a single generation each year. 

Barker (1991) stated that the maximum life span of D. reticulatum durated from 8 to 12 
months, while Zotin (2007) mentioned that the life span of the same species under laboratory 
conditions ranged from 6 to 10 months. In our study, the life span of D. laeve ranged from 4.0 
to 5.5 months with an average of 4.5 months under laboratory conditions. 

Important factors such as temperatutre, humidity and photoperiod influence the growth 
rate of land slugs. South (1982) showed that the growth rate of Deroceras reticulatum 
increased at 15ºC and reached its maximal value at 18ºC. He observed that there is a negative 
correlation between temperature and maturation. It has been noticed that the growth rate, for 
the first phase, was higher when exposed to alternating temperatures than to a constant 
temperature. 

Hommay et al. (2001) mentioned that the slug weight increase in Limax valentianus 
Férussac occurred in three distinct phases: an initial phase of rapid growth (infantile phase), 
followed by a phase with a smaller increase in weight (juvenile phase) and finally a phase 
with minimal growth (adult phase). It was also mentioned that maturity ended sometimes 
with a weight decrease due to senescence of reproductive tract. 

Faberi et al. (2006) mentioned that the growth rate was lower at 12ºC than at 20ºC. At the 
latter temperature, the inflection point was reached when they were 2.5 months old and the 
mean body weight was 204.7 mg. At the same age at 12ºC, the body mass was 132.9 mg. At 
the lower temperature the growth increased with time until the animal were 4.5 months old, 
when they weighed 468.1 mg. However slugs of same age and exposed to 20 ºC weighed 
340.4 mg. In addition, slugs reached a greater mean body weight at 12ºC (936.2 mg ± 18.96) 
than at 20ºC (409.4 mg ± 16.02). In this work, it was observed that growth was rapidly 
increased in the first two months of age then decreased gradually. 

At zero time (hatching time) the individual slug started to increase after one month of age 
(0.005 gm) and reached to its maximum weight (0.09 gm) during the third month, then 
gradually decreased during the fourth (0.07 gm) and fifth month (0.06 gm).On the other hand 
the high average growth rate of body weight was averaged 88.3% in the second month of age, 
while the lowest rate (-20.5%) was in the fifth month. 

The correlation coefficients between slug weight at second month of age and the 
subsequent weights were significant and reveal the significance of the accumulated weight by 
the end of the second month. 
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ABSTRACT 

Black-tailed prairie dogs (Cynomys ludovicianus) are socially complex, diurnal 
rodents that live in intricate cities. Prairie dogs are very popular among zoo visitors. 
Thus, optimal welfare conditions of these captive animals are of the utmost importance. 
As mammals, prairie dogs employ various strategies and adaptations in order to maintain 
ideal body temperatures. In this study, the distributional pattern of a captive population of 
black-tailed prairie dogs is studied. The prairie dogs’ affinity for sunlight suggests that 
current captive conditions may need to be modified in order to optimize for 
thermoregulation needs.  

INTRODUCTION 

Proper environmental conditions enhance captive animals’ welfare and performance of 
normal activity (Hosey, 2005). The experiences of zoo visitors are colored by the animal 
activity (Margulis et al., 2003). Thus, monitoring and maintaining ideal captive animal 
welfare conditions is essential. In order to properly assess the efficacy of current welfare 
management strategies, one must examine the animals’ behavior. Temperature, and therefore 
sunlight patterns, play a major role in determining captive animals’ behavior (Stoinski et al., 
2002). To further expand on our earlier work (Eltorai and Sussman, 2010), we investigate a 
novel relationship between captive black-tailed prairie dogs (Cynomys ludovicianus) and their 
patterns of distribution with respect to sunlight. 

METHODS 

During the summer of 2009, observations were detailed at the Saint Louis Zoo (Saint 
Louis, Missouri, USA). The Saint Louis Zoo is home to 25 black-tailed prairie dogs. The 
prairie dog population consists of a mixture of adults and pups. Neither individual identity nor 
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sex were able to be identified. A total of 901 instantaneous scan samples (as outlined in 
Lehner, 1996) were taken every 5 minutes to determine the number of individuals in sunlight. 
To account for the potentially confounding variable of normal changes in sunlight patterns 
due to time of day and to confirm that the prairie dogs were not simply distributed uniformly 
about the enclosure and were, in fact, following the sunlight, samples were taken at points 
throughout the day (9AM-7PM). More specifically, approximately equal numbers of 
observations were detailed in the morning (9AM-11:59AM), afternoon (12PM-2:59PM), and 
late afternoon (3PM-7PM). During each scan, the number of individuals in direct sunlight 
was counted in order to determine the percentage of the population in direct sunlight. To 
determine the percentage of enclosure with direct sunlight, the exhibit was evenly divided 
into five areas. If sunlight illuminated any part of an area, 20% of the enclosure was said to be 
covered by sunlight. 

To statistically analyze the data, we used a paired t-test. To normalize the prairie dog 
distribution levels in sunlight, we divided the percentage of prairie dogs in sunlight by the 
percentage of the enclosure covered by sunlight. We were then able to compare the 
percentage of prairie dogs in sunlight with respect to the amount of sunlight available in the 
enclosure for each of the three times of day. The percentage data meets the assumptions of a 
parametric test, given the large number of data points collected in each of the three times of 
day, We acknowledge the potential limitation of analysis given the nature of the non-
independence of some data points. 

RESULTS 

In the figure, we show the average number of regions within the enclosure—as a 
percentage of enclosure with direct sunlight—that experience direct sunlight during the 
morning, afternoon, and late afternoon. We observed a highly significant relationship between 
the distribution of prairie dogs in sunlight and that of the percent of the enclosure with direct 
sunlight (p = 0.0073, t(2) = 11.6019). In other words, throughout the day, the percent of the 
prairie dog population that moves to be in an area of direct sunlight exposure is unlikely due 
to chance. Because the way the data was collected rules out the possibility that the prairie 
dogs were simply distributed uniformly about the enclosure, our findings strongly suggest 
that the prairie dogs have an affinity for sunlight and therefore re-positioned themselves 
accordingly. 

DISCUSSION 

These data indicate that the prairie dogs’ pattern of distribution within an enclosure 
parallels that of the sunshine patterns within the enclosure. These findings suggest that further 
research is required to establish the temperature regulation needs (i.e. ideal temperatures) of 
prairie dogs and, potentially, other mammals. Such investigations must be done in a 
controlled laboratory setting, as environmental factors such as wind, time of day, and time of 
year make the measurements of a species’ ideal temperature all but impossible. Proper 
investigations into other optimal environmental conditions for captive animals will inform 
zoo keepers and researchers on how to best manage and monitor the welfare of animals.  



Black-tailed Prairie Dog Affinity for Sunlight. . . . 145

 
 
 

Side-by-side comparison of prairie dog distribution during the morning (9AM-11:59AM), 
afternoon (12PM-2:59PM), and late afternoon (3PM-7PM) with respect to sunlight, along 
with the percentage of enclosure with direct sunlight. 

By improving the environmental conditions for captive animals, the animals will 
demonstrate more natural and appealing behaviors to zoo crowds. By enhancing the zoo 
visitor experience, visitors will be more inclined to return and support the zoo, which, 
therefore, will support further animal welfare research. 
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