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ABSTRACT. The diet and diel feeding pattern of the skate Raja agassbi were 
investigated through analysis of stomach contents. A total of 280 stomachs were 
collected by a series of hauls during a daily cycle in three periods, 8-10 Januaty 1987, 
22-24 July and 2-4 December 1988, from the inner continental shelf of the coastal 
ecosystem ofUbatuba, Sao Paulo State, Brazil (25°35'S; 45°00'W). According to the 
results of the stomach fullness and of the number offresh prey, it is suggested that this 
species presents continuity in the feeding activity during a day. The stomach contents 
were mainly composed of crustaceans. Nematodes, polychaetes and fishes also occur
red . No changes were observed in dietary composition between day and night. 
KEY WORDS. Rajidae, diel feeding, food habits, marine demersal fish, southwestern 
Atlantic 

Raja agassizii (MOLLER & HENLE 1841), a small skate Rajidae, has been 
reported for the western Atlantic from the south of Brazil to Argentina (FIGUEIREDO 
1977) and has been considered as endemic species to the Argentinian zoogeographic 
province. It is one of the most abundant demersal fishes of the inner Brazi li an 
continental shelf off Ubatuba and is commonly found until to 50m depth (RoSSJ
WONGTSCHOWSKI & PAES 1993). According to the study developed by COMPAGNO 
(1990), R. agassizii is a Rajobenthic ecomorphotype, whose components are versa
tile colonizers of bottom habitat. 

Very little is known on the ecology of R. agassi::.ii . SOARES et af. (1992) 
made a brief study of its diet. Along this, although much work has been done on the 
feeding habits of skate species worldwide (HACUNDA 198 1; SMALE & COWLEY 
1992; PEDERSEN 1995), li tt le attention has been given to diel feeding, which is the 
subject of this study. 

With the increasing interest in multi species management, it is essential to 
understanding of the trophic relationships within an ecosystem, of which feed ing 
habits are an integral component. 

The present study is part of the multidisciplinary project "Utiliza<;:ao Racio
nal de Ecossistemas Costeiros da Regiao Tropical Brasi leira, estado de Sao Paulo" 
(Rational Uti lization of Coastal Ecosystems ofthe Brazilian Tropical Region , State 
of Sao Paulo), the purpose of which was to obtain a thorough knowledge of the 
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structure and the basic features explaining the functioning of the platform ecosystem 
off Ubatuba. 

This paper presents the first study of diel feeding pattern of R. agassizii, a 
key demersal fish of the Ubatuba ecosystem. It also examines the diel changes in 
food composition in summer and winter. 

MATERIAL AND METHODS 

Study area 
The study area is located in the platform of the coastal system off Ubatuba 

(22°30'S, 45°00'W) (Fig. I). During summer, there is a two-layer stratification 
water mass; the upper water (Coastal Water) is warmer and less saline than the 
bottom water layer (South Atlantic Central Water). During winter, the study area is 
filled with Coastal Water (CASTRO FILHO et al. 1987). Muddy sediments were found 
at the southern part ofthe area while a mixed sand type dominated at the others parts 
(PIRES-V ANIN 1993). The euphotic zone thickness is variable and not dependent on 
season; the bottom of the euphotic zone can reach 10m depth or the bottom of the 
system (AlDAR et al. 1993). The sun rises between 05-06h (summer days) and 
06-07h (winter days), and sets between 18-1 9h (summer days) and 17-1 8h (winter 
days) . 

Sampling and laboratory procedure 
Sampling was conducted during 24-hour periods between 8-1 0 January 1987 

(summer 1987), and 48-hour periods between 22-24 July (winter 1988) and between 
2-4 December 1988 (summer condi ti on 1988) at fixed stations, on the coastal area 
of Ubatuba (Fig. 1). Hauls of 30 min were carried out at approximately three hours 
intervals to cover the entire diel cycle. Hauls were conducted using an otter trawl 
and cod end lines wi th 25-mm mesh. Water temperature and salinity were recorded 
in each six hours interval. 

Total length (± Imm) and total body mass (±O. lg) of skate were measured. 
Stomachs were removed, preserved in 10% buffered forn1alin, and weighed 
(±O.O Ig). The degree of stomach fu llness was estimated using a scale offive levels 
fi'om 0, for an empty stomach, to 4, for a full stomach, having three intermediate 
values (almost empty: >0 to 25%; half fu ll : >25 to 50 %; almost full: >50 to 75 %). 
Fish with signs of regurgitation were discarded. 

Stomach contents were sorted, identified to taxonomic groups and weighed 
to the nearest 0.00 I g. Digestive state of each prey item was recorded according to 
SCRlMGEOUR & WINTERBOURN (1987) and SOARES & APELBAUM (1994) in three 
levels ( I-fresh, without signs of digestion; 2-partially digested; and 3-digested, 
unidentifiable remains or indigestible parts only). 

Data analysis 
Three types of data were used to investigate diel feeding activity: the relative 

frequency of stomach fullness degree; the wet mass of the stomach content, as 
percentage of fish body mass (stomach fu llness index as %BM); and the number of 
fresh prey in each fish , in terms of total prey and of most abundant ones (SCRIMGE
OUR & WI NTERBOURN 1987; PARRISH & MARGRAF 1990). 
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Fig. 1. Sampling sites on the Brazilian shelf off Ubatuba. Summer 1987: 8-10 January; summer 
condition 1988: 2-4 December and winter 1988: 22-24 July. 

To test for discontinuity in feeding over time of day, the samples were firstly 
grouped into six periods of the daily cycle, dawn (05-06h in the summer and 06-07h 
in the winter), morning (06-12h in the summer and 07-12h in the winter), afternoon 
(12-18h in the summer and 12-17h in the winter), dusk (18-19h in the summer and 
17-18h in the winter), evening (l9-24h in the summer and 18-24h in the winter) and 
night (24-05h in the summer and 24-06h in the winter). They were then grouped to 
light and dark time for analyse of stomach fullness index and number offresh prey. 

As the distribution of %BM and of number of fresh prey usually failed the 
homoscedasticity tests, non-parametric Kruskal-Wallis and Mann-Whitney tests 
were used to test for signiticant difference (ZAR 1996). 

Diet composition was analysed through frequency of occurrence (%0) and 
gravimetric index, based on wet mass (%M), of each prey item (BERG 1979; HYSLOP 
1980). Dietary comparisons were made using the Schoener's index (LINTON et al. 
1981): PS = 1 - 0.5 (L Pxi - Pyi) , where, PS is the percent similarity, Pxi and Pyi 
are the proportions of food category i (prey category) in the diet for all pairs of 
samples. The index varies from 0 (no overlap) to 1 (complete overlap). Values equal 
to or greater than 0.6 were considered significants (HARMELIN-VIVIEN et at. 1989). 

Table I contains sampling times, number and size ranges of R. agassizii 
during the three sampling periods. 
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Table I. Collection dates, number and size range of the skate, Raja agassizii, from the Brazilian 
shelf off Ubatuba during the three periods under analysis. 

Summer 1987 (Depth - 30m) 

Date Time of haul Sample 

08 January 

09 January 

10 January 

Length range (mm) 

Mean length (mm) 

Weight range (g) 
Mean weight (g) 

1) Daylight. 

(Hour) 

05:32-06:02' 
08:08-08:38' 

11 :20-11 :50' 
14:07-14:37 ' 

17:05-17:35' 

20:03-20:33 

22:50-23:20 

02:03-02:28 

99.0-600.0 

36.3±8.3 
4.1-800.3 

275.7±17.3 

Diel feeding 

size 

18 
21 
22 

16 
10 

3 

8 

4 

Summer 1988 (Depth - 38m) 

Date Time of haul Sample 
(Hour) size 

02 December 14:00-14:30' 8 
17:02-17:32' 

21 :21-21:51 14 
03 December 05:06-05:36' 3 

08: 10-08:40' 2 

11 :04-11 :34' 
14:15-14:45' 

17:20-17:50' 2 

20:00-20:30 
23:00-23:30 4 

04 December 02:00-02:30 7 

08:00-08:30 ' 3 

2040-465.0 

355.5±7.2 
25.4-479.5 

222 .6±13.3 

RESULTS 

Winter 1988 (Depth - 38m) 

Date Time of haul Sample 
(Hour) size 

22 July 15:13-15:43' 10 
21 :45-22:15 16 

23 July 00:10-00:40 16 
06:13-06:54 ' 4 
10:46-11 :16' 9 
12:35-13:05 ' 10 

15:23-15:53' 15 

18:40-19:10 5 

21 :11-21 :41 8 
24 July 03:02-03:32 

06: 13-06:43' 4 
09:13-09:43 ' 7 
12:06-12:36' 5 

208.0-493.0 

361.9±5.7 

33.Hi63.6 
247.8±12.5 

According to the Kruskall Wallis and Mann-Whitney tests, there were no 
significant differences in stomach content mass (%BM) among periods of the day 
(Tab. II) and between day light and night (Tab.ll , Fig. 2) in the three seasonal periods 
analysed. 

Table II. Results of Kruskall-Wallis and Mann-Whitney tests comparing stomach content mass 
(expressed as %BM) and number of fresh prey of the skate, Raja agassizii, from Brazi lian shelf 
off Ubatuba. 

Six periods of day Oaylght I night 
Variables 

N x' P value W P value 

Summer 1987 102 
Stomach content (%BM) 6.13 0.294 698.5 0.993 

Total fresh prey 2.49 0.928 855.5 0.259 
Penaeidean fresh prey 4.88 0.674 No night occurence 

Caridean fresh prey 5.60 0.586 787 .0 0.457 
Summer 1988 64 
Stomach content (%BM) 5.63 0.344 560.0 0.167 
Total fresh prey 9.58 0.088 533.5 0.311 
Penaeidean fresh prey 8.08 0.151 No night occurence 
Caridean fresh prey 7.19 0.207 550.5 0.034' 

Winter 1988 114 
Stomach content (%BM) 2.52 0.773 1312 .0 0.945 
Total fresh prey 24.65 <0.001 ' 1758.5 0.589 
Penaeidean fresh prey 9.39 0.094 1578.0 0.430 
Caridean fresh prey 24.78 <0.001 ' 1794.5 0.450 

1) P values < 0.05; (2) P values < 0.001. 
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Fig. 2. Mean values of stomach content wet mass (as %body mass), with 95% confidence 
interval of the skate , Raja agassizii, collected during daylight and night in the three periods 
under analysis. 

The stomachs of the skates collected during the daylight, as well as, during 
the night contained food in the three seasonal periods of the study (Fig. 3). Very 
low frequency of empty stomachs were registered at night, only during the summer 
of 1987. The majority of the stomachs were, at least, half full by day and by night, 
in the three seasonal periods. 

In relation to the nwnber of fresh prey, there was no significant difference 
in the total prey among six periods ofa day and between daylight and night, during 
the summers of 1987 and 1988. Although low in nW11ber, fresh penaeidean shrimps 
were found only at daylight. The number of caridean shrimps collected during 
daylight was a little higher than that of the night during summer of 1988, but it is 
similar to the summer 1987 (Tab. II, Fig. 4). During the winter of 1988, althought 
differences in the total and in the caridean shrimp fresh prey were observed among 
periods of day (highest number in the morning), no differences were observed 
between daylight and night (Tab. 1I, Fig. 4). 

Dietary comparisons 
Out of the 277 stomachs examined, 273 contained food and only seven 

(1.4%) were empty. The stomach contents of R. agassizii were mainly composed 
of crustaceans, nematodes, polychaetes, and teleostean fish . Crustaceans were 
clearly the most important food category by weight and frequency of occurrence 
and were represented by eight groups. Penaeidean, caridean and brachyuran were 
dominant groups (Tab. III). 
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Fig . 3. Relative frequency of stomach fullness of the skate, Raja agassizii, collected during 
daylight and night in the three periods under analysis. 
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Fig . 4. Mean number of fresh prey and 95% confidence interval of the stomach content of the 
skate , Raja agassizii, collected during daylight and night in the three periods under analysis. 

Diet composition was similar between daylight and night for both summers 
and winter, according to the percent of similarity analysis (Tab. III) . 

During the summers of 1987 and 1988, the main identified items were 
penaeidean shrimps and brachyuran crabs. On an occurrence basis, nematodes, 
caridean shrimps and teleostean fishes were also important. The main penaeidean 
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prey in the summer of 1987 was Sicyona dorsalis (Sicyonidae) and in the summer 
of 1988 was Pleoticus mulleri (Solenoceridae). Brachyuran crabs were represented 
by Portunidae in the summer of 1987 and by Portunidae, Majidae and Calappidae 
in the summer of 1988 (Tab. Ill). 

During winter of 1988, stomach contents were comprised mainly of caridean 
and penaeidean shrimps. Nematode preys were important in terms of occurrence. 
Leptochela serratorbita (Pasiphaeidae) was the main caridean prey and Pleoticus 
mulleri (Solenoceridae) the main penaeidean prey (Tab. Ill). 

Hydrography 
The bottom water mass in the summers of 1987 and 1988 was colder and 

more saline and in the winter of 1988 was wanner and less saline.During the 
summer, both the temperature and the salinity were constant along the day. During 
the winter, both the temperature and the sa linity fluctuated along the day, but did 
not show a cycle (Fig. 5). 

Summer 1987 
(.) Summe r 1988 

(10 

: I
:;' ::1 ---- ~--. I::' 

____ . ::' :: II ::, ! 
J3~ 16 __ - - - - - •• - - . - - ll< 

!..-__ --_-_-___ --+ll "l--~_-___ - ___ ____l 

O~ J ~ 

Winlt'r 1988 
(, ) 

1(, 5~ 19.1.\ 0129 05.15 12 10 17 ~(I 2.1 00 117 V, 11.12 

Timr ()rl1l~ 

\ - . - Trmfll'r<llllft' -. Sal inil~ I 

Fig . 5. Fluctuations of the bottom water temperature and salinity during a 24-hour period . in 
January 1987 (8-10), December 1988 (2-4) and July 1988 (22-24). Summer: sunrise (05-06h), 
sunset (18-19h); Winter: sunrise (06-07h), sunset (17-18h). 

DISCUSSION 

Raja agassi=ii showed no significant variation in feeding activity during 
24-period of a day. Nevertheless, as JENKINS & GREEN (1977) argued, it is possible 
that major diel di fferences do exist in diel feeding, but not reflected by stomach 
content mass. They referred to fishes with low stomach evacuation rate that could 
regularly feed during specific periods, but still maintain a relatively full stomach. 

That could be the case for the skate R. agassizii, because stomachs contained 
food by daylight, as well as, by night, and the proportion of empty stomachs found 
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was very low. Furthermore, it is known that complete gastric evacuation takes 
substantially longer for elamobranchs than for teleosts (MEDVED 1985; SCHURDAK 
& GRUBER 1989), although very few evacuation rates have been estimated for skate 
species (NELSON & Ross 1995). 

The stomach fullness indexes can lead to misinterpretation of daily peri
odicity in feeding. But the occurrence of fresh prey would provide a good measure 
of the time of day when fish feed, as has been noted by BOWMAN & BOWMAN 
(1980). However these results did not show feeding discontinuity in R. agassizii. 
The absence of fresh penaeidean shrimps at night can be considered a weak 
indication of temporal discontinuity during summcr, although there existed no 
significant differences in the overall number of total fresh prey present in stomachs. 

Continuity of feeding in demersal fish has been observed by some re
searchers, based on field data. Many species feed continuously throughout the day, 
as was shown for Atlantic cod (Gadus morhua) and small silver hake (Merluccills 
bilinearis) of the west North Atlantic (DURBIN et af. 1983), and for Hyporhamphlls 
melanochir (ROBERTSON & KLUMMP 1983). Similar results were found for Coe
lorhynchusfasciatus from the coast of Namibia (MACPHERSON 1985) and for the 
hakes Merluccius capensis and M. paradoxus of South Africa's west coast (PA YNE 

et af. 1987). Three scorpion fishes were observed by HARMELIN-VIVIEN et af. (1989) 
to feed preferentially during night, although they were active during daylight. 

Continuous feeding activity during day could be related to food availability 
as wcll as to dietary requirements as proposed by ROBERTSON & KLUMMP (1983) . 
I-IARMEUN- VIVIEN el af. (1989) related this dicl feeding pattern directly to the 
diurnal fluctuation in prey availability, which could be synchronized with diel 
dietary shift. DALGOV & YARAGINA (1990) observed daily feeding rhythms of the 
Barents sea cod and haddock only when they were feeding on stable concentrations 
of euphausi ids. 

Based on fresh prey, R. agassizii showed a weak tendency for diurnal 
feeding, which could be related to prey availabi lity, but did not exibit feeding 
periodicity in relation to light and dark periods of the day, both in summer and 
winter. This species did, however, exibit seasonal changes in prey species consu
med, which were probably related to seasonal food availability . 

We propose that the feeding strategy exibited by R. agassizii can be related 
to behaviour and to digestion rate. This skate feeds mainly on small benthic shrimps 
and crabs and also on tubiculous gammarids. We believe that, although these prey 
organisms show mainly nocturnal activity (PIRES-V AN IN et af. 1995), R. agassizii 
can detect them by using their chemical sensory receptors either during day or night 
(ZAVALA-CAMtN 1996). 

BLABER & BULMAN (1987) argued that epibenthic or benthopelagic feeders, 
which remain close to the bottom, might not exhibit a diel pattern related to day 
length because they are below the depth of light penetration. The authors studied 
the diel feeding chronology of 15 species of the upper continental slope of eastern 
Tasmania and only three of those species showed significant diel feeding pattern, 
which results are similar to those of the Mediterranean slope fish studied by 
MACPHERSON (1981). 
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This was unlikely to have occurred in this study. The skate R. agassizii is a 
versatile colonizer of bottom habitat (COMPAGNO 1990), and the studied specimens 
were sampled within or below the euphotic zone according to AlDAR el al. (1993), 
where the hydrographic conditions measured by temperature and salinity did not 
have a strong diel shift during a day cycle. So no synchronizer related to diel feeding 
activity was identified. 

According to the diel feeding pattern studies by BOUJARD & LEATHERLAND 
(1992), R. agassdi can be classified as a diurnal and nocturnal feeder, showing 
constant feeding activity. Although there is strong evidence that feeding by R. 
agassizii may occur of any period, daylight or night, one must be aware that results 
of feeding activity based on tield data, are, to some extent, circumstantial as already 
suggested by GORDOA & MACPHERSON (1991). Therefore, additional work is 
required in order to improve our knowledge of the diel feeding in the skate R. 
agassizii. 

CONCLUSIONS 

The results of this study show absence offeeding discontinuity with the time 
of day in the skate Raja agassizii. Nevertheless because diel feeding activity is a 
process resulting from interactions among biotic and abiotic factors, additional study 
is sugested. 
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