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Abstract: This study was conducted to observe the copepod community structure in the oligotrophic habitats of the
Gulf of Agaba. The study investigates the community's temporal and spatial fluctuation and its profile of vertical
distribution in sandy habitats when compared to the coral reef habitats of the gulf. Sampling was carried out through
four cruises during spring (March 2008), summer (June 2008), autumn (September 2008) and winter (December
2008). Nutrient concentrations were found to be very low. The copepod community of the Gulf of Agaba was found
to be dominated by 81 species. All 81 of these species were encountered in the waters of sandy coasts (Ras Burka
and Nuweiba), but, surprisingly, only 51 were found in the waters of the coral reef area (Hibika and Abu Galoum).
Seasonal changes in the vertical and horizontal distribution of planktonic copepods are described for a 100 m water
column in the Gulf of Agaba, covering spring, summer, autumn and winter. Four different distribution patterns
exemplified by planktonic copepods are highlighted: (1) a horizontal variance, demonstrating an inverse distribution
pattern between sandy and coral reef habitats, in which the population density was greater offshore at the coral reef
stations, while it was greater inshore at the sandy stations; (2) a vertical distribution pattern in which approximately
50% of the population occurred in the upper 25 m of the water column of the gulf, while less than 10% occurred
between the depths of 75 and 100 m; (3) a seasonal distribution pattern in which the copepods exhibited
considerable fluctuation in their occurrence and abundance, with a peak in winter (December) and minimum
abundance values during summer (September); (4) a site distribution patterns with a peak in population density at
the northern stations and a decline southwards. These patterns of copepod distribution in the Gulf of Agaba
suggested a strong influence from local endemic geographic and hydrographic differences, the predation impact of
local inhabitants and the policy of "better dead than unfed", but no response to water nutrient levels. It is suggested
that copepods in the coral reef habitats of the Gulf of Agaba serve as a preferable food item for the higher trophic
levels of the reef inhabitants.
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1. Introduction ecosystem is very important (Alldredge and King,
Among various animal taxa occurring as 1977; Roman et al., 1990). In addition, Copepoda
metazooplankton in the world's oceans, copepods are represent a significant part of the diet for various
the most numerous taxa (55%-95%) in most sea areas coral reef inhabitants (Robichaux et al., 1981).
(Longhurst, 1985). Copepods play integral roles in The oligotrophic Gulf of Agaba is very rich
energy flow and material cycling in the entire water in coral reefs which are diverse ecosystems, with
column (Neunes, 1965; Mauchline, 1998). Because high productivity and an abundance of organisms in
they constitute the main bulk of metazooplankton and relatively nutrient poor waters (Goreau et al., 1971).
are an important intermediate link in the marine food In the Gulf of Agaba, seasonal stratification is usually
chain. Copepods are therefore of special interest reported in the water column during the warm
when studying marine ecosystems. months of summer, while deep vertical mixing
Although the role of Copepoda in coral reef occurred during the cold months of winter (Reiss and
communities is not yet clear, their contribution to Hottinger, 1984; Wolf-Vecht et al., 1992). The
energy transfer along the food chain of the coral reef vertical distribution of zooplankton in the epipelagic
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zone indicated a more even zooplankton distribution
in well-mixed than in stratified columns (Buckley
and Lough, 1987; Checkley et al., 1992; Incze et al.,
1996).

The distribution of Copepoda in the Gulf of
Agaba was firstly described by Schmidt (1973) who
provided preliminary data on the displacement
volume and numerical abundance of the total
copepod assemblage in one station in the northern
part of the gulf. Por (1979) reported eighteen species
of Copepoda in the coasts of the Gulf of Agaba while
Kahan and Bar-El (1982) identified new species of
Harpacticoida in the gulf. The first counts of calanoid
Copepoda were reported by Almeida Prado-Por and
Por (1981). Vaissiere and Seguin (1984) gave
preliminary studies of the zooplankton groups from
the coral reef and open sea areas of the Gulf of
Agaba. Almeida Prado-Por (1983, 1985 and 1990)
studied the diversity, dynamics and the daily cycle of
vertical distribution of the Calanoida (Copepoda) in
the Gulf of Agaba. Echelman and Fishelson (1990)
also listed surface zooplankton and copepods in the
northern part of the gulf. A variety of other studies
have been conducted on the zooplankton of the Gulf
of Agaba, such as those of Genin et al. (1995), Khalil
and Abdel-Rahman (1997), El-Serehy and Abdel-
Rahman (1999), Al-Najjar (2000), Bottger-Schnack
(2001), Sommer et al. (2002), Abdel-Rahman and El-
Serehy (2004), Al-Najjar and El-Sherbiny 2008 and
Dorgham et al., 2012.

The present study highlights and seeks to
compare the community composition, population
dynamics, the vertical, horizontal and seasonal
distribution patterns of planktonic copepods in the
epipelagic zone of two different regional aquatic
ecological basins (sandy and coral reef habitats)
along the eastern side arm of the Red Sea (Gulf of
Agaba).

2. Material and Methods
a. Area of study

The Gulf of Agaba, a side arm of the Red Sea that
forms the eastern border to the Sinai Peninsula,
shows a number of hydrographical and physical
characteristics that lead to peculiarities regarding its
chemical zonation and the dynamics and composition
of the planktonic community. Being surrounded by
desert, there is no allochthonous nutrient input, and
due to the resulting low concentrations of nutrients
and chlorophyll a and low primary productivity, it is
classified as ultraoligotrophic (Reiss and Hottinger,
1984). It is a 180-km-long, deep (max. depth 1,820
m), narrow basin (2-25 km wide), with no
pronounced shelf region. It is separated from the Red
Sea by a shallow sill (max. depth 242 m), the Strait of
Tiran. There are two major marine basins: the
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northern one extending south to Nuweiba with a
maximum depth of 1000 m, and the southern one
which extends to the straits of Tiran and sounds 1800
m. In comparison to other tropical oceans, it shows a
weak vertical stratification. Cooling of the surface
water and very high evaporation rates lead to a
vertical mixing depth of the water column in the
winter of up to 900 m (Genin et al., 1995). Due to the
climatic conditions, there is a thermohaline
circulation in the Gulf of Agaba. The resulting loss of
deep, nutrient-rich, and more saline water across the
Strait of Tiran is compensated by the inflow of warm,
nutrient-depleted surface waters from the Red Sea
(Plaehn et al., 2002). The winter mixing brings up
nutrients from deep waters, which accumulate in the
surface layer in spring when, due to increasing water
temperature, stratification sets in. This usually leads
to a pronounced spring bloom.
b. Sampling and laboratory techniques

Four cruises were carried out in the Gulf of Agaba
during spring (March 2008), summer (June 2008),
autumn (September 2008) and winter (December
2008) in order to study the distribution strategies of
Copepoda in sandy and coral reef habitats. Four sites
were selected (Figure 1); two of which (Ras Burka
and Nuweiba) lie in sandy coastal areas, while the
other two (Hipika and Abu Galoum) lie in coral reef
coastal areas.

33 34 3SE

N

Sinai Ras Burka

100 km

Figure 1. Map showing the four sampling sites
chosen along the eastern side arm of the Red Sea
(Gulf of Agaba).

Collections were made during daytime high
tide. British Admiralty tide table predictions for the
Sharm EI-Sheikh area were checked before each
visit. A single fixed transect was laid out at each of

lifesciencej@gmail.com




Life Science Journal 2013;10(4)

http://www.lifesciencesite.com

the sandy and coral reef sites. The length of each
transect was 2 km perpendicular to the seashore. A
plastic line knotted at 500 m intervals was used to
divide each transect into four equally spaced stations
for horizontal tows. At each of these stations a 100 m
measuring tape and closing standard plankton net of
90 um-mesh size, and with a mouth opening of 0.16
m?, were used to perform vertical tows. At each site
surface zooplankton were collected from discrete
distance intervals from 0~500, 500~1000, 1000~1500
and 1500~2000 m and thence subsurface zooplankton
were collected from discrete depth intervals from 0~
25, 25~50, 50~75 and 75~100 m. A flow meter
(Rigosha, Saitama, Japan) was mounted in the mouth
of the net to register the volume of water passing
through the net. Zooplankton samples were split on
board, and 1/2 aliquots were immediately preserved
with 5% borax-buffered formalin-seawater, and the
other 1/2 aliquots were filtered through 25 mm
diameter Whatman glass fibre filters (GF/F) and
stored at -18 °C for later determination of inorganic
nutrients.

For chlorophyll a concentrations, 2 | of
water samples were filtered onto GF/F filters,
wrapped in small Petri dishes and aluminium foil,
frozen (-18 °C), and measured flurometrically. Water
temperature and salinity were determined using a
CTD system (Seabird SBE-9, Washington, USA).

At the land-based laboratory, copepods in
the zooplankton samples were identified and counted
under a dissecting microscope. The accurate
identification of copepods was done by dissecting
each copepod, using fine needles on a glass slide in a
1:1:2 mixture of glycerine, alcohol, and water. Many
publications and taxonomic references were used for
identification, such as Giesbrecht (1892), Trégouboff
and Rose (1957), Newell (1963), Gonzalez and
Bowman (1965), Williamson (1967), Bradford-
Grieve (1994), Bradford-Grieve and Jillett (1980),
Bradford-Grieve et al. (1983), Heron and Bradford-
Grieve (1995) and Boltovskoy (1999).

c. Data analysis

The statistical test, analysis of variance, one
factor ANOVA (Underwood, 1981) was followed.
The least significant difference test (Steel and Torrie,
1986) was applied to test whether the density of the
different microplankton groups varied significantly
between sites and seasons.

3. Results
a. Physical properties, nutrients and
chlorophyll a

The physical parameters of the four different
locations in the Gulf of Agaba were listed in Table
(1). Water temperature was between 23 and 25.3 °C,
and salinity was between 40.1 and 40.6 psu. Nutrient
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concentrations (Table 1) were extremely low and did
not differ greatly between sites. Only nitrate showed
some distinct spatial variation, with the values
measured at the sandy stations exceeding those of the
other (coral reef stations) by three — to four folds.
Though generally low, the initial concentrations of
total chlorophyll a showed pronounced temporal and
spatial variation (Table 1). The highest concentration
was measured at Ras Burka and with values of 0.25
ug I, while the lowest values of 0.14 ug I™* were
recorded at Abu Galoum.
b. Species composition

A total of 81 species of Copepoda were
recorded during the present investigation, belonging
to 39 genera, 42 families and 4 orders. Namely:
Calanoida, Poecilostomatoida, Cyclopoida, and
Harpacticoida. All 76 of these copepod species were
recorded in the water of the sandy stations of Ras
Burka and Nuweiba, but only 51 species were
recorded in the coral reef stations of Hibika and Abu
Galoum. Thus, whilst no copepod species that was
present in the coral reef stations was absent from the
sandy stations, a total of 30 copepod species that
were present in the sandy stations were absent from
the water of coral reef stations (13 Calanoida, 10
Poecilostomatoida, 4  Cyclopoida and 3
Harpacticoida). These 30 species are: Acartia
centrura, Acrocalanus gibber, A. longicornis,
Paracalanus aculeatus, Calanopia minor,
Calocalanus pavoninus, C. styliremis, Centropages

furcatus, Clausocalanus arcuicornis, Phaenna
spinifera, Temora stylifera, Temoropia
mayumbaensis; Undinula vulgaris; Lubbockia

squillimana, Oncaea dentipes, O. media, Sapphirina
opalina, Corycaeus clause, C. erythraeus, C. ovalis,
C. speciosus, C. subulatus, Farranula gibbula;
Oithona similes; Copilia sp; Corycaeus sp.; Oncaea
sp. Clytemnestra scutellata, Macrosetella gracilis
and Microsetella norvegica.
c. Site and seasonal dynamics

The magnitude of the standing crop of
copepods attained its highest density at Ras Burka,
which sustained an average annual number of 3186
ind. m® This site is characterized by higher
chlorophyll a values and relatively nutrient-rich
water with high concentrations of phosphate and
nitrate (Table 1). On the other hand, a marked
decline in the copepod densities from northern sites
towards southern ones was noticed. The average
annual number of individuals at Nuwebia decreased
to 3076 ind. m*, then to 1459 ind. m™ at Hibika and
to 963 ind. m? at Abu Galoum, respectively. It is
clear that there is a highly significant difference in
copepod density between the four sites (p < 0.05).
Seasonally, the Copepoda exhibited considerable
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fluctuations in their occurrence and abundance
(Figure 2), with a peak in winter (December), and
minimum abundance values during summer (June).
d. Horizontal and vertical distribution

A further finding was that the population
density of planktonic Copepoda was greater offshore
at the coral reef stations of Hibika (1940 ind. / m®
versus 341 ind. / m® inshore) and Abu Galoum (890
ind. / m® versus 251 ind. / m® inshore), while it was
greater inshore at the sandy sites of Ras Burka (6970

ind. / m® inshore while 1316 ind. / m* offshore) and
Nuweiba (7460 ind. / m® and 1120 ind. / m°
offshore). In addition, approximately 50% of the
planktonic copepod population occurred in the upper
25 m of the water column of the gulf, while less than
10% occurred between 75 and 100 m in the gulf
water. The variation in population density was, on
both the above measures, more marked at the sandy
sites than at the coral reef sites.

Table 1. Physical properties, nutrient concentrations and Chlorophyll a values at the four stations along the Gulf of

Agaba during the present study.

Sites
Ras Burka Nuweiba Hebika Abu Galoum
Parameter Inshore Offshore Inshore Offshore Inshore Offshore Inshore Offshore
Water Temperature (°C) 24122 23.7+£3.1 23.8+15 23624 235+24 232+18 ([23.6+3.3 23.1+28
Salinity (psu) 40.6 £ 3.7 40.3+3.2 40.2+3.1 40.2 + 3.3 402+ 4 40.3+35 }40.3+35 40.4+33
NO; (umol 1) 1.04+0.09 | 1.01+0.07 | 1.01+0.04 | 1.0+0.07 0.30+0.03 | 0.35+0.04 0.23+0.10 | 0.24+0.04
NH, (umol 1) 0.83+0.09 | 0.71+0.06 | 0.89+0.18 | 0.77+0.08 | 053+0.04 | 0.64+0.09 0.44+0.10 | 0.52 +0.08
Si (umol I-1) 1.13+0.04 | 1.08+0.03 | 1.17+0.02 | 1.11+0.03 | 1.08+0.03 | 1.10£0.04 [1.06 +0.02 | 1.09 £0.02
P (umol I 0.12+0.01 | 0.11+£0.01 | 0.12+0.05 | 0.11+0.01 | 0.09+0.01 | 0.11+0.02 [0.08+0.01 | 0.09 +£0.01
Chlorophyll a (ug I'l) 0.21+0.01 0.15+0.01 0.22 +0.02 0.19+0.01 0.15+0.01 0.21+0.02 0.13+0.01 | 0.19+0.02
Sites
Ras Burka Nuweiba Hebika Abu Galoum
Parameter Surface Subsurface Surface Subsurface Surface Subsurface Surface Subsurface
Water Temperature (°C) 25.3+2.4 242+3.1 246+2.9 23.0+16 255+18 23.9+26 [254+15 | 244+24
Salinity (psu) 40.3+3.1 40.2+3.1 40.3+ 3.5 40.1+35 40.3+ 3.0 40.2+32 1402+3.1 40.2+3.1
NO3 (umol I'") 1.04+0.06 | 1.00+0.08 | 1.0+0.05 0.90 £0.03 0.37+0.03 | 0.31+£0.04 0.40+0.04 | 0.37£0.09
NH, (umol 1) 0.86+0.10 | 0.72+0.18 | 0.83+0.04 | 0.78 +0.04 0.61+0.09 | 0.57+0.06 0.55+0.06 | 0.52+0.11
Si (umol I'Y) 1.11+0.3 1.0 +£0.02 1.13+0.04 | 1.1+0.04 1.07 £0.02 1.02+0.03 [1.09+0.03 | 1.04 +0.02
P (umol I‘1) 0.14 +0.00 0.12+0.01 0.12 +0.05 0.12+0.01 0.11+0.01 0.09+£0.01 P.09+0.01 | 0.06+0.01
Chlorophyll a (ug I'l) 0.25 +0.02 0.15+0.02 0.20 +0.01 0.17+£0.01 0.21+0.01 0.15+0.02 0.19+0.00 | 0.14+0.01

4. Discussions

In the Gulf of Agaba, Copepoda is the
dominant zooplankton group, comprising nearly 70
% of the total number of metazooplankton in the Gulf
of Agaba (Schmidt, 1973; Echelman and Fishelson,
1990; Khalil and Abdel-Rahman, 1997; EI-Serehy
and Abdel-Rahman, 1999 and Al-Najjar, 2000).

A particularly significant and surprising
finding from this study is that the overall abundance
and diversity of planktonic copepods was greater in
the sandy areas than in the coral reef areas. Since
coral reef habitats are usually associated with greater
species abundance and diversity this finding was
opposite to what would normally be expected, even
though the mean abundance of planktonic copepods
in the coral reef areas of the Gulf of Agaba is
comparable with estimates from other coral reef sites
such as the Great Barrier Reef (Alldredge and King,
1977; Roman et al., 1990) and the Marshall Islands
(Gerber and Marshall, 1982), but of lower magnitude
than in the Caribbean coral reef sites (Glynn, 1973).
One explanation for this fluctuation in copepod
abundance is that it is principally geographic in
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origin. The sandy sites of Ras Burka and Nuweiba
are, broadly, further north than the coral reef sites.
According to the hypothesis suggested by Mergner
and Schuhmacher (1974) and Hulings (1979), the
surface water flows southward on both sides of the
gulf, while the deeper water flows northward along
the east coast and southward along the western bank.
With the prevailing north wind, this circulation
induces an upwelling in the northern part of the gulf.
Kimor and Golandsky (1977) have shown that the
particular hydrographic conditions prevailing in this
environment affect the distribution of micro-plankton
and this might explain the higher population density
of planktonic copepods at the northern stations of Ras
Burka and Nuweiba compared with the southern
ones.

The sandy site at Ras Burka, however, is not
significantly further north than the coral reef site at
Hibika but there is a significant variation in the
abundance and diversity of planktonic copepods
between these sites that is difficult to attribute purely
to geographic and hydrographic differences. Whilst
the distribution pattern of planktonic copepods is
likely to be affected by a range of different factors, it
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is suggested that the increased presence of predators
is likely to be the most significant of these (Barnes
and Hughes, 1999). Observation of the feeding habits
of different coral reef fish, and examination of their
gut contents, clearly indicates extensive feeding on
endemic reef copepod species (Williams et al., 1988).
Moreover, predation on copepod species by reef
inhabitants, as well as by zooplanktivores in waters
flowing over coral reefs, is intense (Glynn, 1973;
Hamner et al.,, 1988). This increased level of
predation may explain the decrease in copepod
species composition in the waters of the coral reef
stations of Hibika and Abu Galoum compared to
those of the sandy stations of Ras Burka and
Nuweiba that was observed during the present study
(from 81 to 51 species).

The data presented in this study suggests
that, in the Gulf of Agaba, among Calanoida, thirteen
species should be considered the most preferable
food items for coral reef zooplanktivores (Acartia
centrura, Acrocalanus gibber, A. longicornis,
Paracalanus aculeatus, Calanopia minor,
Calocalanus pavoninus, C. styliremis, Centropages
furcatus, Clausocalanus arcuicornis, Phaenna
spinifera, Temora stylifera, Temoropia
mayumbaensis and Undinula vulgaris). Similarly,
among Poecilostomatoida, ten species should be
considered the most preferable food items
(Lubbockia squillimana, Oncaea dentipes, O. media,
Sapphirina opalina, Corycaeus clause, C. erythraeus,
C. ovalis, C. speciosus, C. subulatus, Farranula
gibbula and Oithona similes). Three species of
Harpacticoida (Clytemnestra scutellata, Macrosetella
gracilis and Microsetella norvegica) and four of
Cyclopoida (Oithona similes, Copilia sp; Corycaeus
sp.; Oncaea sp.) should also be considered preferable
food for coral reef zooplanktivores.

In addition to the difference in levels of
species diversity between the two types of site in this
study, the data of the present study shows that an
inverse relationship was observed between the
horizontal distributions of planktonic copepods in
coral reef as compared to sandy areas, i.e. there was
higher copepod density inshore in sandy areas and
offshore in coral reef areas. This inverse relationship
is here attributed to the existence of nutrient and
detritus substances which encourage the flourishing
of phytoplankton as food materials for planktonic
copepods. In the sandy areas the existence of nutrient
and detritus substances declines as one moves further
offshore, whilst in the coral reef areas, the presence
of the offshore reefs results in an increase in nutrient
as one moves offshore (Table 1).

The horizontal distribution pattern is
supplemented by a parallel vertical distribution
pattern in which, across all four sites, but especially
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at Ras Burka and Nuweiba, the density of copepods
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Figure 2. Denisty of planktonic copepods in the
epipelagic zone of the coral reefs (Hibika and Abu
Galoum) and sandy shores (Ras Burka and Nuweiba)
of the Gulf of Agaba in Spring (March), summer
(June), autumn (September) and Winter (December).
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was greater at shallower depths. As with the
horizontal  distribution  pattern, this  vertical
distribution is likely to be principally a reflection of
greater availability of food close to the surface. When
food availability is very low, even in circumstances
where they might face greater threat of predation,
animals tend to employ the policy of “better dead
than unfed” and thus remain in surface waters at least
until they have consumed sufficient food. Even
though migration towards the surface might pose a
greater risk of predation for copepods, experimental
evidence and field observations have shown that
these risks are mitigated to some degree by the
opportunity for visual predator avoidance (Pearre,
2003). The higher light levels closer to the surface
(both through sunlight and moonlight) have been to
provide an additional visual cue for such avoidance
behaviour (Ringelberg, 1995). Experimental and field
data has also shown that other environmental
parameters, such as temperature, levels of dissolved
oxygen and salinity can influence the profile of
vertical distribution (Ringelberg, 1995).

The data in Figure (2) shows a seasonal
variation in the population structure of planktonic
copepods in the Gulf of Agaba. Bechmann (1984)
attributed the winter peak of zooplankton in the
Indian Ocean and the Persian Gulf, which pours into
the Red Sea through Bab El Mandab during winter,
to the water exchange pattern prevailing toward the
Red Sea. As summer approaches, the plankton
density in the Red Sea decreases as the surface
habitat becomes more hostile due to increasing
temperature, and the recruitment from the Arabian
Gulf diminishes with the decreasing rate of water
exchange. This hypothesis can also explain the winter
peak of planktonic copepods in the Gulf of Agaba
during the present study.
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