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Abundance and trophodynamics of surface microbial loop
populations in the northern Red Sea
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The population densities of filter feeding ciliates in the water of the three marine protectorates of
Ras Mohammed, Nabq and Abu Galoum in the northern Red Sea, were calculated during the period
from November 2006 to November 2007. Also, autotrophic nanoflagellates, heterotrophic nanoflagellates
and heterotrophic bacteria were enumerated to gain some indication of the food resources available for
ciliates. The abundance of ciliates in the three protectorates were found to follow an annual cycle with
the highest ciliate numbers of 25.3 cells ml−1 observed in the spring, and the lowest numbers of 2.1 cells
ml−1 in the summer. Abundances were at times 8-fold higher than those found in comparable studies
on nutrient-poor pelagic systems and, astonishingly, approached those observed in coastal waters and
in more productive open ocean systems. Nanoflagellates that could provide a food supply for the filter
feeding ciliates were especially numerous in the spring, while the production of bacteria was presumably
a more important component at the base of this food chain in the three protectorates’ water. The filtration
activities of heterotrophic flagellates and filter feeding ciliates were compared with the population densities
of bacteria, nanoflagellates and ciliates in spring and summer. Moreover, filtration rates from the literature
were used to calculate the potential rate of capture of prey of different categories, as well as to calculate
the time required for the whole water body to be filtered by heterotrophic nanoflagellates and filter feeding
ciliates.
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Introduction

Between 1983 and 1992, the Egyptian Govern-
ment declared three protected areas in the Gulf of
Aqaba at the northern end of the Red Sea, namely,
Ras Mohammed, Nabq and Abu Galoum (Law 102
of the year 1983 issued by the Ministry of State
for Environmental Affairs-Egyptian Environmental
Affairs Agency, MSEA-EEAA). The establishment
of these marine protectorates has been viewed as an
important opportunity to investigate the contribu-

tion of coral reef ecosystems to the productivity of
the coastal waters of the Gulf of Aqaba.

There is now a particularly urgent need to acquire
a full knowledge of the function of coral reefs and
the stability of pelagic ecosystems in the Red Sea
before they are disturbed by human activity. The off-
shore exploitation of oil and gas fields is increasing
in this region, and rapid urbanization and industri-
alization in the coastal zones has already produced
localised effects on the susceptible reef ecosystem.
To protect the Red Sea biota, an evaluation of the
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intact ecosystem has to be made before the onset of
any further disturbance. The investigation reported
in this article of the structure and diversity of the mi-
crobial populations in the northern Red Sea’s marine
protectorates is, therefore, part of a wider project
aimed at studying the abundance and diversity of
different biota in these reserves.

An important issue in the aquatic microbial ecol-
ogy is the dynamics of the bacterial trophic level
in relation to natural predators. These bacteria live
floating in seawater and utilize dissolved organic
matter, absorbing it directly from their surround-
ings. In their turn, they are eaten by flagellates
and ciliates which themselves are then eaten by
small zooplankton (Fenchel, 1988; Sanders et al.,
1992; Simon et al., 1992; Hwang and Heath, 1997,
1999). Within the food chain of bacteria-flagellates-
ciliates, about 60–70 % of primary production in the
open oceans may be ingested by heterotrophic flag-
ellates and ciliates, constituting the so-called “mi-
crobial loop” (Pomeroy, 1974). This “loop” may re-
ally be an almost closed circuit, with little energy
passing to the larger copepods, and may thus repre-
sent a parallel food chain to the conventional “graz-
ing” chain of phytoplankton-zooplankton-fish. The
details of these linkages and the rates of the pro-
cesses involved in the microbial loop are still being
studied. Indeed, its existence was not known to bi-
ological oceanographers until very recently (Pace
et al., 2004; Joaquim-Justo et al., 2006; Munawar
et al., 2009; First and Hollibaugh, 2010; Munawar
et al., 2010).

For this study we chose three convenient sam-
pling sites in the Gulf of Aqaba: the first in Ras
Mohammed protectorate, the second in Nabq pro-
tectorate and the third in Abu Galoum protectorate.
For each of the three sites we followed the changes in
abundance of ciliates in near-surface waters during
the high water tides throughout one year of sam-
pling. We also estimated the abundance of flagel-
lates and bacteria and followed changes in chloro-
phyll a to gain some understanding of the trophic re-
lationships of ciliate communities in the Gulf. More-
over, filtration rates were used to calculate the po-
tential rate of capture of prey of different categories,
as well as to calculate the time required for the
whole water body at each protectorate to be filtered
by flagellates and ciliates as a means of estimating
the efficiency of the ecosystem in each protectorate.
The strong correlation between ciliates and chloro-
phyll a predicted that low phytoplankton biomass in
nutrient-poor waters should be accompanied by low

ciliate abundance (Pitta et al., 2001). Therefore, we
expected ciliate abundance in the Gulf of Aqaba to
be rather low.

Materials and Methods

Area of study

The Red Sea is a long narrow sea between north-
east Africa and the Arabian Peninsula. It has a maxi-
mum length of 2250 km, maximum width of 355 km
and average depth of 490 m. At the northern end of
the Red Sea, lies the Sinai Peninsula bounded on ei-
ther side by the Gulf of Suez and the Gulf of Aqaba
(Morcos, 1970).

The Gulf of Aqaba is an arm of the Red Sea be-
tween the Sinai Peninsula and northwest Saudi Ara-
bia. It extends for 180 km from the straits of Tiran
to Taba. At its northern limit, it is 5 km wide and
reaches a maximum width of 28 km opposite Dahab.
There are two major marine basins: the northern one
extending south to Nuweiba with a maximum depth
of 1000 m, and the southern one which extends to
the Strait of Tiran and sounds 1800 m. Within a short
distance from the coast, the Gulf has hydrographic
conditions resembling those of the open ocean, with
no discernible coastal effects on the nutrient regimes
and plankton biology. The climate in this area is
hot and dry. Rainfall is scarce (averaging 22 mm
year−1). Evaporation is exceptionally intense (aver-
age 200 cm year−1) (Godeaux, 1986), and thus the
water is hypersaline. The Gulf has been described as
highly oligotrophic on the basis of the chlorophyll
a values and primary productivity measurements
carried out by several investigators (Kimor, 1990;
Claessens et al., 2008, 2010).

Three nearshore sites were chosen for this study
(Figure 1). Site one (1) was chosen in the immediate
neighbourhood of the Ras Mohammed area which
is known to have more nutrients and detritus from
mangrove trees and coral reefs and whose waters are
-affected by diving boats and crowded by snorkelers
and divers all year-round. The depth of water at this
site was 430 m. Site two (2) was chosen within the
Nabq protectorate which is bordered by mangroves
(Avicennia marina) and is affected by the discharge
of drainage water from a local shrimp fish farm. The
depth of the water at this site was 280 m. Finally,
site three (3) was chosen in the vicinity of the Abu
Galoum protectorate. The depth of the water at this
site was 315 m.
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Figure 1. A map of the Gulf of Aqaba showing the location
of the three sampling stations (circles) at the marine natural
protectorates of Ras Mohammed, Nabq and Abu Galoum (shaded
areas). The inset shows the position of the Gulf of Aqaba on the
Red Sea.

Sampling and laboratory techniques

Each site was visited twice a month during the
stand of high water during high tide, for 13 months
extending from November 2006 to November 2007.
Sampling was carried out in the vicinity of the coral
reef area during the stand of high tide. On each
sampling visit three separate samples of 800 ml
each were collected from a depth of about 25 cm
in glass jars which were then closed with plastic
tops. A volume of 180 ml was taken from each bot-
tle, after gentle but thorough mixing and fixed with
Lugol’s iodine solution (Throndsen, 1978) to a final
concentration of 1 %. A further 100 ml was taken
from each bottle of the well-mixed sample and fixed
with 10 ml of 25 % glutaraldehyde (filtered through
a 0.22 µm filter). Fixed subsamples of both types
were stored in the dark at 4oC.

Ciliates in the Lugol’s-fixed samples were
counted after settlement using the Utermöhl method

(Utermöhl, 1958). The preserved samples were gen-
tly stirred and poured into three 65 ml settling cylin-
ders, each mounted on a shallow circular trough
whose base was formed from a cover glass 25 mm
in diameter. The samples were left to stand for at
least 12 h before the supernatant was carefully re-
moved and the base was transferred to enable the
examination of the settled plankton using a Wild
M40 inverted microscope (with phase contrast) at
a magnification of x 400. Three subsamples were
examined per bottle and three bottles per collection.
There were nine replicate counts per site sampled;
the counts were expressed as numbers per litre of
water.

In order to estimate the numbers of bacteria and
nanoflagellates in the samples two 2 ml subsamples
of each thoroughly mixed glutaraldehyde fixed wa-
ter sample were taken. Each subsample was then
separately mixed with 0.6 ml of 0.3% DAPI (4′6-
diamidino-2-phenylindole (Sigma)) stain (Porter
and Feig, 1980) which had been filtered through
a 0.22 µm filter in order to remove particles. The
mixture was kept in the dark for 7 min before being
filtered onto a 0.2 µm pore diameter black poly-
carbonate filter, using a filter pressure of no more
than 10 mm Hg. The filter was mounted on a slide
with Gurr’s Univert immersion oil (BDH, Poole,
England) and examined at x1000 with an Olym-
pus BH-2 microscope fitted with a reflection flu-
orescence attachment. Bacteria and the nuclei of
nanoplanktonic flagellates emitted a blue fluores-
cence with DAPI, and could be distinguished eas-
ily from one another, while autotrophic flagellates
showed a red fluorescence from chloroplasts. These
three categories of organisms were counted in 20
microscope fields on each filter in order to estimate
the number of each type per ml of original sam-
ple. There were 6 replicate counts per site on each
sampling visit.

These smaller microorganisms were enumerated
in order to gain some indication of the food re-
sources available for ciliates. In this respect the fil-
tration activities of the heterotrophic flagellates and
ciliates were compared with the population densities
of bacteria, flagellates and filter feeding ciliates in
a simple table, drawing data from collections at the
three protectorates in spring and summer. Filtration
rates from the literature (Heinbokel, 1978; Fenchel,
1982; Jonsson, 1986) were used to calculate the
potential rate of capture of prey of the different cat-
egories, and the time required for the whole water
body to be filtered by flagellates and ciliates.
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On each sampling visit the temperature of the
water was measured at the point of sampling with a
thermometer calibrated to 0.1oC.

The salinity of samples was routinely measured
by titration against standard silver nitrate and pe-
riodically cross-checked with a salinometer bridge
(MCS, Electronic Switchgear, London).

The chlorophyll a content of the water was also
measured. Three 250 ml water samples from each
site were filtered separately through 25 mm diame-
ter Whatman glass fibre filters (GF/F). Chlorophyll
pigments were extracted from the homogenized fil-
ters with 90% acetone. The extract was centrifuged
at 2000 rpm for 5 min and the supernatant was made
up to 25 ml with 90% acetone. The fluorescence of
the extract was measured with an Amincofluorome-
ter that had been calibrated against standard concen-
trations of chlorophyll a (Parsons et al., 1984) and
the chlorophyll concentration in the water samples
was calculated.

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

Results

Temperature, salinity and chlorophyll
a in surface water

Surface water temperature dropped to 13.8oC at
site (1) during winter, and rose to 32oC at site (3)
during late summer (Figure 2a). The salinity at each
site varied with the seasons in the same general
manner as the temperature. The range of salinity in
high-tide samples at site (1) ranged between 38.8
and 42.5�; at site (2) between 40 and 42.9 � and
at site (3) between 40 and 43� (Figure 2b).

Chlorophyll a concentrations in water samples
from the three sites varied seasonally as shown in
Figure 2c. The levels of chlorophyll a were consis-
tently higher at Ras Mohammed and Nabq than at
Abu Galoum. The highest levels at each of the three
sites were recorded during the spring season when
chlorophyll a concentrations at site one (0.8 µg l−1)
were two and four times higher than at sites two and
three, respectively.

Figure 2. Measurements made on samples collected at Ras Mo-
hammed (circular symbols), Nabq (square symbols) and Abu
Galoum (triangular symbols) in the period from November 2006
to November 2007. (a) The mean temperature (oC) recorded from
water samples collected from the three sites in each month. (b)
The mean salinity values (�) measured in samples from the three
sites in each month. (c) The mean concentrations of chlorophyll
a (µg l−1) measured in samples from the three sites in each
month.
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Figure 3. The mean population density of ciliates and non-
ciliate microorganisms in samples from the surface waters of
Ras Mohammed (circular symbols), Nabq (square symbols) and
Abu Galoum (triangular symbols), for each month of the study.
(a) Bacteria; (b) heterotrophic flagellates; (c) autotrophic flagel-
lates; (d) ciliates.

Ciliates, flagellates and bacteria

The annual cycle of variation in the abundance
of ciliates and non-ciliate microorganisms in the

surface waters at the three sites is shown in Fig-
ure 3. The population densities of ciliates at Ras
Mohammed were consistently higher than those of
Nabq and Abu Galoum, with the highest values of
33 ind. ml−1 at site one (i.e. Ras Mohammed) dur-
ing spring, and the lowest values of 0.02 ind. ml−1

at site 3 (i.e. Abu Galoum) during summer.
Fluctuations in the abundance of bacteria (Fig-

ure 3a) followed the same general trends as those of
ciliate numbers. The waters in the Abu Galoum pro-
tectorate contained the lowest bacterial population
density (0.1 bacteria × 106 ml−1), while the water
samples of Ras Mohammed (site 1) contained the
highest values (11 bacteria × 106 ml−1).

The abundance of heterotrophic nanoflagellates
was very similar across the three sites in spring (Fig-
ure 3b), but their numbers were generally lower at
sites two (23 ind. × 103 ml−1), and three (14 ind. ×
103 ml−1) than at site one (28 ind. × 103 ml−1).
The numbers of autotrophic flagellates at the three
sites were at least an order of magnitude lower than
the numbers of heterotrophic forms at the same site
(Figure 3c) and very low numbers of autotrophic
flagellates were found in samples from Abu Ga-
loum, i.e. site (3) (0.1 cells × 102 ml−1).

A marked decline in the microbial loop popula-
tion densities from southern sites towards northern
ones was noticed (Figure 4). The average annual
number of ciliate individuals at site (2) decreased
to 11.5 ind. ml−1, then to 7.2 ind. ml−1 at site (3);
bacterial population densities decreased to 2.276
cells × 105 ml−1 at site (2), then decreased to a
lowest density of 0.292 cells × 105 ml−1at site (3);
while the density of the population of heterotrophic
nanoflagellates decreased from 8.83 ind. × 103 ml−1

at site 2 to 6.076 ind. × 103 ml−1 at site 3 and, finally,
autotrophic nanoflagellates decreased from 7.46
ind. × 102 ml−1 at site (2) to 0.95 ind. × 102 ml−1

at site (3).
The main annual peak of the microbial popula-

tion abundances was recorded in April (38.5 bacteria
× 105 ml−1; 21.66 ind. × 103 ml−1 and 20 ind. × 102

ml−1 for heterotrophic and autotrophic nanoflagel-
lates, respectively, and 25.3 ciliates ml−1),; whereas
August harboured the lowest densities (3.53 bacte-
ria × 105 ml−1; 2.16 ind. × 103 and 1.03 ind. × 102

ml−1 for heterotrophic and autotrophic nanoflagel-
lates, respectively and 2.1 ciliates ml−1) (Figure 5).

These smaller micro-organisms were enumer-
ated in order to gain some indication of the food
resources available for ciliates in the water of the
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Figure 4. Site variations of the microbial population densities
(ciliates, autotrophic nanoflagellates, heterotrophic nanoflagel-
lates and bacteria) at the Gulf of Aqaba (November 2006–
November 2007).

three protectorates. In this connection, the filtration
activities of the heterotrophic flagellates and
ciliates, together with the population densities of
bacteria, flagellates and filter feeding ciliates were
compared, as described in Table 1, drawing data
from collections at the three protectorates in spring
and summer. Filtration rates from the literature were
used to calculate the potential rate of capture of prey
of the different categories, and the time required
for the whole water body of each protectorate to be

Figure 5. Annual variation of microorganisms (ciliates, au-
totrophic nanoflagellates, heterotrophic nanoflagellates and bac-
teria) at the Gulf of Aqaba (November 2006–November 2007).

filtered by flagellates and ciliates. The importance
of the heterotrophic nanoflagellates as consumers of
bacteria was assessed by multiplying their numbers
in nature with the determined values of clearance
derived from the literature. The potential rate of
food capture by flagellates decreased from 110
bacteria h−1 at site (1) to just one bacterium h−1

at site (3). During spring, the high population of
nanoflagellates filters the whole water body of Ras
Mohammed (site 1) 6 times a day. This filtration
activity, however, decreased by half at Abu Galoum
(site 3).

It is clear that there is a highly significant dif-
ference in the microbial density between the three
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Table 1. A comparison of the bacterial, total nanoflagellates (TNAN), heterotrophic nanoflagellates (HNAN) and filter-feeding ciliate
populations with estimates of the clearance rates and potential rates of food capture by these flagellates and ciliates during spring
and summer 2007 at Ras Mohammed (R.M.), Nabq (N.) and Abu Galoum (A.G.) protectorates.

Spring 2007 Summer 2007

R.M. N. A.G. R.M. N. A.G.

Bacteria
Bacteria numbers

(cells 1−1)
11 × 109 5 × 109 5 × 109 1.0 × 109 0.5 × 109 1.0 × 109

Flagellates
TNAN numbers

(cells 1−1)
3.15 × 107 2.52 × 107 1.43 × 107 0.41 × 107 0.22 × 107 0.051 × 107

HNAN numbers
(cells 1−1)

2.8 × 107 2.3 × 107 1.4 × 107 0.4 × 107 0.2 × 107 0.05 × 107

Volume cleared/
HNAN/hour∗ (1 h −1)

10−8 10−8 10−8 10−8 10−8 10−8

Bacteria encountered/
HNAN (cells h−1)

110 50 5 10 5 1

Volume cleared by
HNANs in each
litre in an hour (1)

0.28 0.23 0.14 0.04 0.02 0.005

Time for HNANs to
filter whole

3.57 4.3 7.14 25 50 200

Water body (h)
Ciliates

Filter feeding ciliate
numbers (cells 1−1)

33,000 26,000 17,000 6000 300 20

Volume filtered/ciliate/
hour∗∗ (1 h−1)

5 × 10−6 5 × 10−6 5 × 10−6 5 × 10−6 5 × 10−6 5 × 10−6

Bacteria filtered/ciliate/
hour (cells h−1)

55,000 25,000 2500 5000 2500 500

TNAN filtered/ciliate/
hour (cells h−1)

157.5 126 71.5 20.5 11 2.55

Volume filtered by
ciliates in each
litre in one hour (1)

0.165 0.13 0.085 0.03 0.0015 0.0001

Time for ciliates to
filter whole

6.06 7.69 11.76 33.33 666.66 10,000

Water body (h)

∗Mean value from Fenchel (1982). ∗∗Mean value for a range of tintinnids and non-loricate oligotrichs in data by Heinbokel (1978)
and Jonsson (1986).

sites (p < 0.05). The ANOVA test also showed that
season had no significant effect on the density of
microbial communities in the three sites. The value
of p was >0.05 for all groups.

Discussion

The abundance of ciliates at the three sites with
values of 17.4 cells ml−1 (site 1); 11.5 cells ml−1
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(site 2) and 7.2 cells ml−1 (site 3), showed a progres-
sive decline in population densities moving north-
ward along the Gulf. This indicated that the surface
waters of the northern protectorate of Abu Galoum
(site 3) were less productive, when compared with
the southern protectorates of Ras Mohammed (site
1) and Nabq (site 2). It is suggested that this was
due to the lower level of nutrient and detritus sub-
stances at Abu Galoum. The southern protectorates
of Ras Mohammed and Nabq were characterized
by the presence of mangrove trees and coral reefs
which enhanced the abundance of nutrient and de-
tritus substances. Mangroves provide a unique eco-
logical niche for a range of microorganisms which
play various roles in nutrient recycling, as well as
various other environmental activities (Sahoo and
Dhal, 2009).

While the observations in this study, therefore,
broadly agree with the traditional concept of the in-
creasing oligotrophy of the Red Sea water to the
north (Kimor, 1990; Claessens et al., 2010), the
overall ciliate densities observed were nonetheless
significantly higher than previous studies have indi-
cated. The lower ciliate population density at Abu
Galoum (site 3), for example, was still two times
higher than that found at the northern part of the
Gulf of Aqaba (3.5 cells ml−1 ) in the earlier study
by Claessens et al. (2008). Moreover, the densities
of ciliate populations in the Gulf of Aqaba were up
to eight-fold higher than abundances in other com-
parable studies in nutrient poor systems (Revelante
and Gilmartin, 1990; James and Hall, 1995; Pitta
et al., 2001) and were comparable with maximum
values found in coastal waters or in more productive
open ocean systems (Stoecker et al., 1989; Leakey
et al., 1996).

The strong correlation between ciliates and
chlorophyll a generally predicts that low phyto-
plankton biomass in nutrient-poor waters should be
accompanied by low ciliate biomass (Pitta et al.,
2001). However, despite the oligotrophic status of
the Gulf of Aqaba, which was accompanied by
a very low density of autotrophic nanoflagellates,
the ciliate density revealed in this study was unex-
pectedly high. Moreover, the ciliate abundance was
astonishingly high not only during nutrient-replete
conditions in spring, but also in summer, when nutri-
ents were strongly depleted (Claessens et al., 2008).
These findings suggest both that the ciliate commu-
nity in the Gulf of Aqaba was much more efficient
in utilizing nanophytoplankton as its preferable food
sources in all seasons, and that the degree of top-

down control (predation) of the ciliate community
was relatively low. This hypothesis might explain
the unexpectedly high ciliate abundance in this olo-
gotrophic marine habitat.

Turning now to the evidence with respect
to the bacterial population, during the present
study, bacterial population densities at site (1)
were recorded as ranging between 1 × 106

ml−1 and 11 × 106 ml−1. This represented a
much higher density than that recorded at site
(3), which returned values between 0.1 and 0.5 ×
105 ml−1. Moreover, site (3) contained the lowest
chlorophyll a values, especially when compared
with those of site (1). These findings, therefore,
suggest a correlation between bacterial abundance
and chlorophyll a concentration in this oligotrophic
habitat. In this respect, the findings of this study
recall those of Sanders et al. (1992), who stated
that there is a strong positive correlation between
bacterial abundances on the one hand, and chloro-
phyll a and the trophic state of the aquatic habitat
on the other hand. Thus, the reduced number of
heterotrophic bacteria at the Abu Galoum protec-
torate, site (3), can partly be related to the decrease
in chlorophyll a concentration, which in its turn re-
flects the more pronounced oligotrophy northward
along the Gulf.

The dynamics of the bacterial trophic levels in
relation to natural predators and/or food supply in
different aquatic microbial ecosystems have been
discussed by many investigators (Fenchel, 1987;
Billen et al., 1990; Sanders et al., 1992; Simon et al.,
1992; Brett et al., 2009; Munawar et al., 2010). The
correlation between chlorophyll a values and bac-
terial population densities observed in this study,
together with the data in Figure 4, support the sup-
position that bottom-up control (food supply) was a
more important factor in regulating bacterial abun-
dance in this highly oligotrophic site than top-down
control (predation). The data represented in Figure
4 demonstrates that, despite a reduction in the abso-
lute abundances of heterotrophic flagellates at site
(3) compared to site (1), and therefore a reduction in
grazing pressure on bacteria at this site, the bacterial
population at site (3) was nonetheless consistently
extremely low. In other words, even in a situation
where grazing pressure on bacteria at this protec-
torate (site 3) was reduced due to lower absolute
abundances of heterotrophic flagellates, the bacte-
ria were still not capable of rapid increases in abun-
dance. This suggests that bottom-up control, due to
substrate limitations, represented a more significant
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mechanism controlling the bacterial population in
this aquatic oligotrophic ecosystem than top-down
control. This conclusion therefore supports that of
Billen et al. (1990) and Sanders et al. (1992) that in
oligotrophic ecosystems the bacterial population is
more strongly controlled by substrate supply.

The trophic relationship between heterotrophic
nanoflagellates and the bacterial populations of
these marine protectorates can be further illustrated
from the data in Table 1. Here it is shown that the
number of bacteria that could be caught per flag-
ellate per hour was high in spring (110, 50 and 5
at sites 1, 2 and 3, respectively) and low in sum-
mer (10, 5, and 1 for the three sites, respectively).
Fenchel (1982) calculated the maximum ingestion
rate of 27–254 bacteria flagellate−1 hour−1, while
Sherr et al. (1983) found ingestion rates of 10-
75 bacteria flagellate−1 hour−1 and Weisse (1989)
recorded ingestion rates of 36–94 bacteria flagel-
late−1 hour−1. Using these figures as a basis, it can
be concluded that the flagellate population of Ras
Mohammed and Nabq protectorates could be able
to maintain themselves with these more or less suit-
able ingestion rates of 10–110 bacteria flagellate−1

hour−1 and 5–50 bacteria flagellate−1 hour−1, re-
spectively. The flagellate populations of Abu Ga-
loum protectorate, however, would surely not be able
to maintain themselves with the very low ingestion
rate calculated here of just1–5 bacteria flagellate−1

hour−1, unless it might be suggested that the het-
erotrophic nanoflagellates of this protectorate might
utilize nanophytoplankton as a food supply as well
as bacteria. Microscopic plants and heterotrophic
bacteria provide the food for heterotrophic protists
in various aquatic habitats (Sleigh, 1989; Hwang
and Heath, 1997, 1999).

These smaller microorganisms were enumerated
in order to gain some indication of the food re-
sources for ciliates. In this connection the filtration
activities of the heterotrophic flagellates and ciliates
were compared with the population densities of bac-
teria, flagellates and filter feeding ciliates in Table
1, drawing data from collections at Ras Mohammed
Protectorate (site 1), Nabq protectorate (site 2) and
Abu Galoum protectorate (site 3) in spring and sum-
mer. Filtration rates derived from the literature were
used to calculate the potential rate of capture of prey
of different categories of organisms, as well as, to
estimate the time required for the whole water body
to be filtered by hetrotrophic flagellates and filter
feeding ciliates. If the high populations of nanoflag-
ellates do indeed filter the whole body of water every

3, 4 and 7 h in spring at Ras Mohammed, Nabq and
Abu Galoum protectorates, respectively, the bacte-
ria must be reproducing quickly in order to maintain
their populations, or there must be continuous very
active recruitment of bacteria into suspension from
sediments and surfaces.

It is recognised that ciliates could also be con-
suming bacteria but flagellates are a more likely food
source for ciliates, and presumably a more “attrac-
tive” one, on account of the much greater nutritive
value of each cell and the coarser filter required
(Fenchel, 1988; El-Serehy and Sleigh, 1993; First
and Hollibaugh, 2010). The filter-feeding ciliates
in the waters of the Ras Mohammed protectorate
were numerous enough during spring to filter the
whole water body four times a day, and the cili-
ate population was therefore surely able to catch
enough flagellates during this time to provide for
ordinary growth and maintenance of the popula-
tion. In summer, however, the possible food capture
rate per ciliate provided less opportunity for growth.
It is conceivable that the balance must depend on
the relative sizes of the organisms involved. Ras-
soulzadegan et al., 1988 found that the tintinnids
consume nanoplankton in the 2–20 µm size range,
while the smaller oligotrichs ate more picoplankton
in the 0.2–2 µm size range. Moreover, Gaedke and
Kamjunke (2006) stated that pelagic foodwebs have
a unique size-dependency in feeding modes.

Conclusions

The Gulf of Aqaba is regarded by scholars as
being among the most oligotrophic marine habi-
tats, with a well established concept of increasing
oligotrophy of the gulf water to the north. Despite
the oligotrophic status of the Gulf of Aqaba, this
study found that the ciliate density in its waters was
astonishingly high. Abundances were at times eight-
fold higher than those found in comparable studies
on nutrient-poor pelagic systems and approached
those observed in coastal waters, indicating a high
efficiency among the ciliate populations in utilizing
the available food, and suggesting that the plank-
tonic foodweb in this oligotrophic habitat is domi-
nated by the microbial loop. Statistical analysis has
shown that the site, not the season, is the main fac-
tor affecting the density of the microbial groups in
the three sites. The relatively higher density of the
microbial community recorded in the southern pro-
tectorate (Ras Mohammed) reflects the diversity of
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the reef environment as a whole, and indicates the
importance of marine reserves in the protection of
biodiversity and providing naturally balanced areas,
free from direct human disturbance, which can act
as reference areas for the study of natural processes
in the marine environment.
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