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Abstract 

Zooplankton biomass were measured monthly from 
eleven coastal sampling station and one offshore station 
from the northern par of the Gulf of Aqaba between 
January and December 2004. Significant difference in 
zooplankton biomass was obtained among different 
stations and different sampling months. The highest 
biomass was recorded in January (50.75 mg. dry wt.m-3), 
the lowest in October (5.54 mg. dry wt.m-3). A notable 
high biomass of 46.1 mg. dry wt.m-3 was registered at 
Tala Bay pool, while lowest biomass was recorded at both 
Al-Sodasiat and offshore stations. At the study area, the 
results showed significant differences among different 
size fractions of zooplankton. The relative annual average 
of size fraction > 500 µm constituted about 68 % of the 
total biomass, while the size fractions 200-500 µm and 
100-200 µm constituted 26% and 6%, respectively. 

  الملخص 

تم التقدير الحجمي للهوائم الحيوانية في خليج العقبة ما بين آانون 
 في إحدى عشر موقع ساحلي و موقع في ٢٠٠٤ آانون أول -الثاني

دلت النتائج على وجود فروق معنوية بين المناطق . عرض البحر
سجلت الدراسة ترآيز عالية . المختلفة و آذلك بين الأوقات المختلفة

 في شهر آانون الثاني بينما سجلت ترآيز ٣م/  ملغ ٥٠٫٧٥بلغت 
تائج على وجود وقد دلت آذلك الن، منخفضة خلال شهر تشرين أول 

ترآيز عالية في بحيرة النخيل و ترآيز منخفضة في منطقة 
بينت . السداسيات و الشاطئ العام في الجهة الجنوبية من الخليج

النتائج وجود فروق معنوية بين الأحجام المختلفة للهوائم الحيوانية 
% ٦٨حوالي   مبكرون٥٠٠حيث بلغت نسبة الحجم الأآبر من 

أما نسبة الحجم من ،  مبكرون ٥٠٠-٢٠٠ من للحجم% ٢٦يتبعها 
 . فقط%٦ مبكرون فقد بلغت ٢٠٠-١٠٠
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1. Introduction 

The Gulf of Aqaba extends for about 180 km, the 
Jordanian portion of Gulf of Aqaba extends for 27 km 
only. Along the Jordanian coast and within the present 
study area the Gulf reaches a maximum width of around 
25 km while in the northern half the maximum width is 
only around 17 km and it narrows to about 5 km at the 
most northern tip. The maximum depth of the Gulf is 
about 1830 m while the average depth is around 650 m 
(Marcos 1970; Levanon-Spanier et al., 1979). 

The water in the study area is very clear with very high 
transparency under normal conditions. Many human 
activities are taking place along the Gulf and many 
development projects exist or are planned, particularly at 
the northern tip of the Gulf. There are signs that these 
activities are affecting zooplankton biomass indirectly by 
increasing the nutrient availability in water, which leads to 
an increase in the plankton biomass in the area (Al-Najjar 

and Rasheed, 2005). Zooplankton organisms as 
community are important grazers in the pelagic zone 
(Burkill et al., 1993; Landry et al., 1995), consuming a 
wide range of food particles that vary in size and type. The 
zooplankton also aids in the vertical export of carbon out 
of the mixed layer as particulate, skeletal, and fecal 
material (Roman et al., 1995; Stoecker et al., 1996). 
Within the zooplankton community, organisms of different 
size may play different roles in biogeochemical cycling 
and so influence processes associated with the biological 
mediated drawdown of atmospheric CO2, and its 
transformation into particles and sedimentation in the 
ocean.  

In the Gulf of Aqaba, quantitative data sets on the 
seasonality of zooplankton abundance and biomass 
distribution have been presented by several investigations 
since 1970 (Gordeyeva 1970; Vaissiere and Sequin 1982; 
Echelman and Fishelson 1990; Al-Najjar 2000; Al-Najjar 
et al., 2002 and Al-Najjar 2004a). The objective of the 
present work was to test temporal and spatial variations 
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and abundance of zooplankton biomass of different 
fraction sizes in the coastal waters of the Gulf of Aqaba.  

2. Materials and Methods 

Surface zooplankton samples were collected from 
eleven coastal stations along the northern tip of the Gulf of 
Aqaba [Wahat Ayla, Hotels, Public cafes, Phosphate port, 
Clinker, Marine Science Stations (MSS), Public beach, Al-
Sodasiat , Tala bay (inside), Tala bay (outside) and Jordan 
Fertilizer Industry site (JFI)] and one offshore station 
located about 2 Km from the coast line (Fig. 1).  
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Fig. 1: Zooplankton sampling stations along the northern part of 
the Gulf of Aqaba 

The depth of coastal stations ranging between 4 and 50 
m, while the offshore station has depth of about 200-300 
m. Zooplankton >100 µm was sampled monthly between 
January - December 2004 during daylight. A simple 
plankton net (100 µm mesh; ARI, USA) was towed 
horizontally from a boat at a speed of 3-3.5 knots for 
duration of ten minutes along the surface. Zooplankton 
samples were kept on ice for about 2 hours until arrival to 
the laboratory. In the laboratory, samples were size-
fractionated using a column of 100, 200 and 500 µm mesh 
filters. The separated fractions were filtered on pre-dried 
and pre-weight GF/C filters, dried for 24-48 hrs at 60 ˚C, 
and re-weighed. Biomass (mg. dry wt. m-3) was calculated 
as follows: 
 
Biomass (mg.l-1) =  [zooplankton dry weight (gm) 
  /volume of water filtrate (m-3)] × 1000,  

 
Where the volume of water filtrate = velocity (m. sec-1) 

× area of net (m2) × time of collection (sec).The effect of 
'station' (n=12) and 'month' (n=12) on zooplankton 
biomass was tested statistically using an ANOVA test. The 
statistical significance was tested at the 95% confidence 
level. 

3. Results 

Throughout the area of study, zooplankton biomass was 
characterized by relatively low values ranging between 
0.462 and 4.22-mg. dry wt.m-3 with an annual average of 

18.40 mg. dry wt.m-3. The spatial distribution of 
zooplankton biomass showed clear variations between 
different sampling stations (Fig. 2). The maximum 
biomass value of 46.1 mg. dry wt.m-3 appeared at Tala Bay 
pool (inside), while lowest was obtained at offshore station 
(Fig. 2). Another notable high biomass values were also 
registered at Hotel and Wahat Ayla stations, which located 
at the most northern part of the Gulf (21.8 and 22.62 mg. 
dry wt.m-3, respectively). Statistically, a significant 
difference in zooplankton biomass was obtained between 
different stations (P= 0.0028).  

 
Fig 2: Average spatial variations of zooplankton biomass (mg. dry 
wt. m3 ± SE) at different sampling stations 

The monthly average of zooplalankton biomass varied 
throughout the year fluctuating between 0.842 and 3.842 
mg. dry wt.m-3 at stations offshore and Tala Bay (inside), 
respectively. On a monthly scale, January exhibited the 
highest biomass value (average 50.75 mg. dry wt.m-3). 
Other small increases of biomass appeared in February, 
March and April with values of 20.4, 28.92 and 30.30 mg. 
dry wt.m-3, respectively (Fig. 3). On the other hand, the 
lowest zooplankton biomass was detected during summer 
and early autumn with a minimum biomass of 5.54 mg. 
dry wt.m-3 in October. The results of ANOVA test showed 
a high significant variation in the zooplankton biomass 
between different sampling months (P< 0.0001). 
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Fig 3: Average monthly variations in zooplankton biomass (mg. 
dry wt. m3 ± SE) during the period of study 

During the period of study, at all sampled stations the 
size fraction >500 µm dominate biomass followed by 200-
500 µm and 100-200 µm size fraction (Fig. 4). The relative 
contribution of each size fraction to the total biomass 
showed that about 67% of the biomass was due to 
organisms more than 500 µm, while 26 % and 7 % due to 
the organisms less than 200-500 µm and 100-1200 µm 
fractions, respectively (Table 1). High statistically 
significant difference in zooplankton biomass was 
obtained values between different size fractions (P< 
0.0001) (Fig. 5).  
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Fig. 4: Monthly variations of the average biomass of different zooplankton size fractions (mg. dry wt. m3 ± SE) during the period of study 

Table 1: Mean biomass (mg. dry wt. m3) and percentage of 
zooplankton different size fractions in the Gulf of Aqaba between 
January and December 2004. (SE) standard error, (N) number of 
fraction repetitions. 

Fraction (um) Biomass ± SE Percentage N
100 13.20 ± 0.20 6 % 12

200-500 55.30 ± 0.86 26 % 12
>500 144.55 ± 1.25 68 % 12
Total 213.05 100 % 36

4. Discussion 

The oligotrophic marine areas are characterized by both 
low primary and secondary production. The annual 
average of zooplankton biomass (18.40 mg. dw. m-3) 
during the present study was obviously lower than other 
previous studies of Al-Najjar et al. (2002) and Al-Najjar 
(2004b) at the same area (25.53 and 71.26 mg. dw. m-3, 
respectively). The lower difference in zooplankton 
biomass obtained is likely due to different sampling 
strategy ( Avois et al. 2000). However, the obtained values 
during this study fall within the range of other oligotrophic 
water (steifox et al. 1999). The highest zooplankton 
biomass of 46.1-mg. dry wt.m-3 recorded at Tala Bay pool 
(inside) station could be attributed to its semi-enclosed 
characteristics and shallowness (4 m). Additionally, this 

site is characterized by higher annual average chlorophyll 
contents of 0.66 mg/m3 compared with other stations (0.30 
mg/m3) (MSS, 2006). Generally, spatial and temporal 
variations in zooplankton biomass throughout the northern 
Gulf of Aqaba can be related to variations in the 
phytoplankton production cycles as observed in other 
marine habitats including Indian Ocean (Piontkovski et al., 
1995; Haury 1988).  

 
Fig. 5: Mean biomass of zooplankton different size fractions in the 
study area collected during 2004 

In this study, consumer community of zooplankton 
seems follow autotrophic biomass evolution. The peak of 
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zooplankton biomass was highest in winter following the 
annual peaks of phytoplankton in the Gulf of Aqaba where 
there is an increase in eukaryotic algae during the period of 
January to February and diatom abundance at the 
beginning of March (Al-Najjar 2000; Cornils et al., 2005). 
Similar finding have been observed by Mozetic et al., 
(1998) in the Gulf of Trieste during his study from 1989 to 
1995. Also this higher biomass in winter could by 
explained by the dominance of the larger sized 
zooplankton organisms such as copepods (especially 
Calanus, Candacia and Centropages and Clausocalanus), 
urochordates, cheatognaths and mollusk larvae (Cornils et 
al., 2005; Personal observation). On the other hand, the 
lower peak of zooplankton biomass during summer is 
possibly due to thermal stratification in the Gulf of Aqaba, 
where nutrient concentration are also low (Lindell and post 
1995; Al-Najjar 2000; Cornils et al., 2005; Al-Najjar et al., 
2007). In this condition, there was a decrease in eukaryotic 
algae and diatoms abundance, which lead to a decrease in 
density of zooplankton biomass. Another explanation 
pending on the thermal stratification during summer 
concurrent with low nutrient availability, whereas during 
winter mixing season water becomes homogenized in such 
condition there was an increase in eukaryotic algae 
abundance, which leads to an increase in biomass of 
zooplankton organisms. It has been shown that 
environmental variability plays a major role in determining 
spatial and temporal patterns of zooplankton distribution 
(Tomosada and Odate 1995; Aoki, et al., 1990). In 
General, zooplankton abundance has been associated with 
changes in phytoplankton standing stocks (Al-Najjar 2000; 
Al-Najjar et al., 2002) and with combined effects of 
regional climatology and local hydrographic variables 
Aoki et al., (1990). 

Body size has also been considered a specific 
component of plankton heterogeneity from small 
protozoan to large copepods in the oligotrophic waters 
such as Gulf of Aqaba (Sommer et al., 2002). Differences 
were also observed in the biomass levels in the different 
size class studied, where about 68 % of the biomass was 
observed to be in the large size fraction >500 µm, and size 
fraction of 100-500 µm accounted for only 32%. In 
comparison with the result of polar water, the small size 
fraction accounted for about 50 % of total biomass while 
the largest one represented 35% (Hernandez-Leon et al., 
2000). The reason is due to copepods in cold water 
accounted 50-90 % of the total zooplankton number 
Conover and Huntley (1991) and they are in small size and 
are, therefore, better contributors to the energy flow in 
these cold waters Boyson-Ennen et al., (1991). However, 
another study by Hernandez-Leon et al., (2000) for the 
same area and same size fraction of zooplankton during 
January 1993, found that the zooplankton biomass was 
very low (64.31 mg. dw. m-2), and about 56 % of total 
biomass was due to the large size fraction 1000-4000 µm 
while the smallest one 200-500 µm accounted for about 26 
%. Those results could reflect the interannual variability 
but also the progression of the different populations from 
spring to summer. This would imply that organisms have 
growth rates, which might reach higher values during the 
productive season. Predation by planktivorus fish explains 
the smaller spatial heterogeneity in this study, since the 
predation pressure seems to be an essential variable in the 

maintenance of horizontal pattern in zooplankton 
distribution (Gliwicz and Rybowska, 1992). 
Zooplanktivorus fish account for about 70% of the total 
fish species registered in the Gulf of Aqaba (Khalaf and 
Kochzius, 2002). Among the zooplanktivorus fish, two 
species (Pseudonthias squamipinnis and Neopomacentru 
miryae) occur in great numbers in the study area (Khalaf 
and Kochzius, 2002). 
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