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abundance of meiofauna, whereas the latter attained the lowest densities.

Keywords. Meiofaunal communities in the seagrass beds were more diversified than in
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Red Sea the unvegetated sediments. Significant correlations were found between

Egypt sediment characteristics and some mfajor meiofz_iunal taxa. A tqtal of 21

nematode genera were determined. Epistrate feeding was the dominant type
and Daptonema was the most abundant genus in both habitats. The different
structures of meiofaunal communities distinguish each habitat within the
same sites rather than their geographical distribution.

INTRODUCTION

Seagrass beds distribute widely in the photic zones of all coastal areas except the
polar, they are one of the most productive ecosystems (Duarte & Chiscano, 1999;
Naufal & Padmavati, 2018). Seagrass vegetation can stabilize the sediment, enhance
organic matter accumulation, and thus increases the availability of food (Atilla et al.,
2005; Baden et al., 2010). Their shoots, roots, and rhizomes provide associated
organisms microhabitats and supply a shelter for both the adult and juvenile of marine
organisms (Osenga & Coull, 1983; Orth et al., 1984; Castel et al., 1989) Also, they
enhance the complexity of the interstitial fauna compositions (Hall & Bell, 1993;
Danovaro et al., 2002).

Several studies referred to the high density and diversity of fauna inhabiting
seagrass meadows (Kikuchi, 1980; Hemminga & Duarte, 2000; Baden & Bodstrom,
2001). However, the vast majority focused on macrobenthic fauna (Webster et al., 1998;
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Heiss et al., 2000; Kharlamenko et al., 2001; Gacia et al., 2003; Atilla et al., 2005; Bos
et al., 2007; Bouma et al., 2009) and significantly less on meiofauna (De Troch et al.,
2005). While, only a few studies included microflora (Danovaro et al., 1994). In seagrass
beds, free-living nematodes are usually the most abundant taxa although seagrass studies
of meiofauna have primarily focused on epifauna (Hall & Bell, 1993; De Troch et al.,
2001; Da Rocha et al., 2006). Species composition of nematofauna changed consistently
with ambient bottom textures (Liao et al., 2015). Among meiobenthic organisms, free
living nematodes exhibited a rapid response to the different causes of changes in the
ambient environments. Due to their dense occurrence, generic and trophic diversity,
Nematoda is an ideal tool to investigate the relationships between biodiversity and
ecosystem processes (Pusceddu et al., 2014).

The unvegetated area around seagrass patches supports the infaunal dispersions,
but limited studies have focused on these regions (Bostrom et al., 2006). Notably, the
abundance and community structure of nematodes show substantial differences between
vegetated and bordering unvegetated sites (Fonseca et al., 2011; Leduc & Probert,
2011). Yet, no difference between both habitats has been reported (Ndaro & Olafsson,
1999).

Previous studies on the Egyptian Red Sea meiobenthic community structure
focused on the littoral zones (Ahmed et al., 2011; Hanafy et al., 2011; El-Serehy et al.,
2015; El-Serehy et al., 2016). Only one study was conducted on a site at Nabq protected
area at the Egyptian side, the Gulf of Agaba (Pusceddu et al., 2014). This is the first
study undertaken to elucidate the community structure of meiofauna, particularly
nematodes in the southern Egyptian Red Sea coast in order to show the difference
between seagrass beds and adjacent unvegetated sediments.

MATERIALS AND METHODS

Study area and sediment's sampling

In May 2021, three sites were visited along the western coast of the Egyptian Red
Sea and selected to represent the seagrass habitats; Marsa Mobarak, Marsa Abou Dabbab
and Marsa Assalaya, all of which are located in the north of Marsa Alam city, the Red
Sea, Egypt (Fig. 1). The YSI 650 multi-parameter instrument (YSI, Yellow Springs, OH,
USA) was used to measure water temperature and salinity (expressed as total dissolved
salts, TDS) in the field. The vegetation of seagrass beds varied among sites in terms of
their vegetation densities and species composition. Marsa Assalaya revealed higher
vegetation of seagrass than the other ones. Four different seagrass species found in the
visited sites; Halophila stipulacea, H. ovalis, Halodule uninervis and Cymodocea
rotundata. H. stipulacea and H. ovalis were common in Marsa Assalaya, while H.
uninervis was common in Marsa Mobarak and Marsa Abou Dabbab though entirely
undetected in Marsa Assalaya. In addition, C. rotundata was only found in Marsa
Mobarak. Three sediment replicates were collected from a depth between 1.5- 2 meters
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from each seagrass bed and another three from the adjacent unvegetated area at a distance
that did not exceed more than 0.5m. Sediment samples were taken via SCUBA diving
using a cylindrical core of 10cm? (3.5cm diameter, 10cm high) and collected in plastic
bottles containing 5% of neutral formalin.
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Fig. 1. A Map showing the studied sites along the Egyptian Red Sea coast
Sample analysis

In the laboratory, the collected sediments were stained with 0.5g/ | Rose Bengal
for 1h then washed through sieves of 1mm and 50um mesh size in the laboratory. All
meiofauna retaining on the 50um sieve were collected, sorted and counted to the major
groups using a stereomicroscope (Prior S 2000, magnification 100x). Nematodes were
picked out and transferred to glass vials containing pure glycerol. They were mounted
onto permanent slides, examined under a compound microscope (Carl Zeiss 1000x
magnification) and identified to the genus level using the pictorial keys of Tarjan (1980),
Platt and Warwick (1983), Plat and Warwick (1988) and Warwick et al. (1998).
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Nematodes were categorized into four different feeding types (1A, 1B, 2A and 2B) by
means of the morphology of their buccal cavities (Wieser, 1953).

For granulometric analysis, additional sediment samples were washed with tap
water to remove salt, dried at 60°C for 24h, then placed on top of a series of sieves with
mesh size 1,000, 500, 250, 125 and 62um. The sediments that retained on top of each
sieve were weighed then classified to different grain size categories according to the
method of Holme and Mcintyre (1984): silt-clay, very fine sand, fine sand, medium
sand and coarse sand and gravel. Sediment sorting indices were determined according to
Gray (1981).

From each sediment sample, 1g of fine sediment with mean grain size (Mz)= 200
pum were taken and dried at 60°C for 24 hours in laboratory. Total organic matter (TOM)
was assessed as the percentage weight loss in the samples after combustion at 550°C for
24 hours (Jorgensen, 1977).

Data analysis

Difference of meiofaunal abundance and other major groups among different sites
was analyzed using one-way analysis of variance (ANOVA) with 95% confidence limits.
Pearson correlation analysis was performed to determine the relationships between the
total meiofaunal abundance and the other major taxa with the studied sediment
characteristics. The above analyses were carried out using the statistical software SPSS
18.0 (2002). PRIMER v6.0 software (Clarke & Gorley 2006) was used for univariate
measures of the meiofauna taxa for each site including all diversity indices. Moreover, the
similarity of meiofauna among sites was determined by using the Bray-Curtis similarity

index.

RESULTS

Physico-chemical parameter and sediment characteristics

Water temperature salinity displayed very limited variations among sites (Table
1). Sediments of seagrass beds in all sites exhibited high silt content percentages, total
organic matter and low median grain size; whereas, the unvegetaed sediments showed
opposite results (Table 1).The highest silt content and TOMs were found in Marsa
Assalya seagrass bed (9.3% and 9.5mg/ g, respectively) while the lowest was recorded
for Marsa Mobarak unvegetated sediments (0.9% and 1.6mg/ g). The texture of latter area
attained the largest median grain size Mz (315 um). In contrast, that of Marsa Assalya
seagrass bed showed the least value (Table 1). All sediments were classified as "well
sorted™ ones.
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Table 1. Water temperature, salinity, silt content %, sediment median grain size (Mz), total
organic matter (TOMs) and sorting index at the investigated sites (S. B. =seagrass beds
and U. S. = unvegetated sediments).

Marsa Abou Dabbab Marsa Assalaya Marsa Mobarak

Parameter S. B. U.S. S.B. U.S. S. B. u.S.
Temperature 25.2 25.3 25.2 25.5 25.8 26
Salinity 39.7 39.7 39.8 39.8 39.5 39.5
Silt content % 6.3 14 9.3 2.2 55 0.9
Mz (um) 240 290 220 275 260 315
TOMs mg/g 9.2 25 9.5 2.8 7.3 1.6
Sorting Index Well sorted

Meiobenthic community structure

A total of 14 major meiobentic taxa were recorded in the studied sites. In seagrass
beds, Nematoda was the most abundant taxa, contributing with 74% of the total
individual counts, with an average density of 831.6+178 individual/ 10cm?, followed by
Copepoda (13%) and Polychaeta (6%) (Figs. 2, 4). In unvegetated sediments, Copepoda
was the most common (47%), with an average density of 620.7+145 individual/ 10cm?.

Nematoda was ranked the second and contributed with 35% of total meiobenthic counts
(Figs. 3, 4).
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Fig. 2. Percentages of major meiobenthic taxa recorded in the seagrass beds
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Fig. 3. Percentages of major meiobenthic taxa recorded in the unvegetated sediments
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Fig. 4. Average abundance of meiofaunal taxa in the studied habitats

Percentages of the meiobenthic taxa were quite similar in both habitats; Nematoda
ranged between 73.13% and 74.17% in the seagrass bed and 31.04% and 36.46% in
unvegetated sediments, respectively. On the other hand, Copepoda showed a percentage
of 12.47%-13.69%, 46.4 %-46.52 % in seagrass bed and unvegetated area, respectively

(Fig. 5).
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Fig. 5. Percentages of major meiobenthic taxa recorded in the studied sites. (SB=seagrass beds
and US= unvegetated sediments).

Unvegetated areas in all the sites showed higher abundances of total meiofauna
than those determined for the seagrass bed of the same site (Table 2). The highest average
total meiofaunal density was recorded in the unvegetated sediment of Mara Assalya with
mean density of 1603+240.3 individual/ 100cm?. In contrast, the lowest was recorded in
the seagrass beds of Marsa Mobarak 871.7+170.1 individual/ 10cm® (Table 2). The
highest density was recorded for Nematoda in the seagrass beds of Marsa Assalya
(999.7+150.2 individual/ 10cm?), while the lowest was 1.2 +0.6 individual/ 10cm? for
Amphipoda in the unvegetated sediments of Marsa Abou Dabbab. Meiofaunal taxa
showed a non-significant variation among sites (F= 0.73, P= 0.482); whereas, a high
significant variation was detected among habitats (F= 66.38, P< 0.001).
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Table 2. Densities of major taxa in the studied sites expressed as No. of individuals/ 10cm?. (S.
B. =seagrass beds and U. S. = unvegetated sediments).

Marsa Abou Dabbab

Marsa Assalaya

Marsa Mobarak

S. B. u.S. S. B. u.S. S. B. u.S.
Taxa (meanSD) (meanSD) (meanSD) (meanSD) (mean+SD) (mean£SD)
Amphipoda 3.3x1.5 1.2+0.6 6.7x4.2 2.3x2.5 5.3x1.5 -
Bivalvia 2.3x1.5 1715 4.7+2.5 3.3x1.5 - -
Copepoda 155.3+17.2 598.3+72.5 184.7£17 741.7+£80.4 100+9.2 486.7+£87.9
Cnidaria 1.3+£1.2 2.3x2.1 1715 5.3x4.5 - -
Gastropoda - 3.3x1.5 - 47+2.1 - -
Gastrotricha 4.3+3.1 1715 7.3x3.5 - 2.0x1 2.3x2.5
Isopoda 1.7+7.4 - 4.7+0.6 - 12.0+£2.6 -
Nauplii 15+4.4 128.7+16 20+14.2 146.7+£25.2 10.3+5.5 121.3+19.8
Nematoda 851.3£57.5 454.3+44.1 999.7£150.2 596.7+£34 644.7£59.2 324.7£36.1
Nemertea 1.3+£0.6 - 2.3x1.2 - - -
Oligochaeta 5.7+2.5 - 8.34 - 2.7£0.6 -
Ostracoda 5.7+£3.1 19.742.5 47429 10.0+2 7+1 45.3£7.8
Polychaeta 70.7£13.6 71.7+£29.5 857 81.0+10.1 59.7+£14.6 50.3£9.6
Turbellaria 25.3+11.2 15.3+3.5 20+7.5 11.3t15 2816.2 20.31£8.3
Total averages  1149.3+225.4 1298.3+189.4 1349.7+264.8 1603+240.3 871.7£170.1 1051+147.6

Pearson correlation analysis showed strong significant values between all
sediment parameters: silt content %, median grain size (Mz) and total organic matter
(TOMs) (Table 3). Copepoda showed reasonable positive significant correlation with
median grain z (r= 0.47, P< 0.05) and negative ones with silt content % and TOMs (r= -
0.46, P= 0.05 and r= -0.52, P= 0.03, respectively). Nematoda displayed reasonable
positive significant correlation with silt content % and TOMs (r= 0.62, P= 0.02 and r=
0.56, P=0.02, respectively) and high significant negative correlation with Mz (r= -0.7,
P=0.01). The other correlation values between the sediment characteristics, Polychaeta
and total meiofauna were not significant (Table 2).
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Table 3. Pearson correlation coefficients between sediment parameters: the median grain size
(Mz), silt content percentage %, total organic matter (TOMSs), abundance of total
meiofauna and the other major taxa

Parameter Silt content % Mz TOMs
Mz -0.96 (0.003)

TOMs 0.96 (0.002) -0.94 (0.05)

Copepoda -0.46 (0.05) 0.47 (0.05) -0.52 (0.03)
Nematoda 0.62 (0.02) -0.7 (0.01) 0.56 (0.02)
Polychaeta 0.24 (0.65) -0.3 (0.56) 0.079 (0.88)
Total meiofauna 0.034 (0.95) -0.085 (0.87) - 0.098 (0.85)

P values are given between parentheses.

Diversity indices and similarities of meiobenthic communities

The total number of recorded taxa (13 taxa) were at the seagrass beds of Marsa
Abou Dabbab and Marsa Assalya, while the lowest one was (7) for the unvegetated
sediments of Marsa Mobarak (Table 4). The highest value of Shannon-Wiener index (H")
was estimated for the unvegetated sediments of Marsa Abou Dabbab (1.3); while for
species richness (SR), it was recorded for the seagrass beds of the afore- mentioned site
(1.7). Evenness indices exhibited low values for the seagrass beds of all sites (0.37-0.43).
In contrast, unvegeted sediments displayed high values (0.49- 0.54) (Table 4).

Table 4. Total recorded taxa (S), total individual count expressed as No. of individual/ 10
cm?(N), Shannon- Wiener (H'), Species Richness (SR) and Evenness (J') of the studied

sites

Site/ Parameter S N H' SR J'

Marsa Abou Dabbab S. B. 13 1146 0.95 1.7 0.37
Marsa Assalya S. B. 13 1351 0.96 1.66 0.38
Marsa Mobarak S. B. 10 882 1 1.33 0.43
Marsa Abou Dabbab U. S. 11 1293 1.3 14 0.54
Marsa Assalya U. S. 10 1640 1.21 1.22 0.53
Marsa Mobarak U. S. 7 1047 0.96 0.86 0.49

S. B.=seagrass beds, and U. S.= unvegetated sediments.

High similarity values were estimated for sites representing the same habitats
(Fig. 6). The dendrogram revealed two main clusters; the first was for the seagrass bed
areas with values between 77.5% and 91.1%, while values between 74.4 % and 91.1%
were recorded for the second cluster comprising the unvegetated areas (Fig. 6).
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Fig. 6. Dendrogram showing the cluster analysis of the meiobentic taxa in the studied sites: (1:
Marsa Abou Dabbab seagrass bed; 2: Marsa Assalaya seagrass bed; 3: Marsa Mobarak
seagrass bed; 4: Marsa Abou Dabbab unvegetated sediment; 5. Marsa Assalaya
unvegetated sediment, and 6: Marsa Mobarak unvegetated sediment)

Nematofauna

A total of 21 genera of nematodes were recorded in the studied habitats (Table 5);
18 genera in each habitat and 15 in both habitats. Halalaimus, Leptolaimus and
Phanoderma were restricted to the seagrass bed habitats, while Graphonema,
Longicyatholaimus and Mesacanthion were only recorded in the unvegetated areas. The
total individual count of nematodes in seagrass beds was higher than that estimated for
unvegetated areas (858+50.2 and 460.6+33.5 individuals/ 10cm? respectively).
Daptonema showed the highest density in both habitats (23%, 196.1+21. 3 individuals/
10cm?® and 27%, 122.5+20.3 individual/ 10cm? in seagrass beds and unvegetated
sediments, respectively) (Table 5). Dismolaimus and Theristus contributed with 0.5% of
the total nematode count in all sites (Table 5).
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Table 5. Abundance of nematode genera (expressed as No. of individuals/ 10cm?, contribution
percentages and feeding type in the studied habitats

Seagrass beds Unvegetated sediments
Genus Individual count % Individual count % Feeding type
(Mean+SD) (Mean+SD)

Epsilonema 23.415.4 2.7 12.5+4.4 2.7 1A
Halalaimus 22+6.5 25 - - 1A
Leptolaimus 9+2.8 1.1 - - 1A
Daptonema 196.1+21.3 23 122.5+20.3 27 1B
Dismolaimus 20.6x7.4 25 2.240.5 0.5 1B
Paralinhomeus 85.7+42.4 10 16.345.3. 3.5 1B
Theristus 47.6£15.8 55 2.1+1 0.5 1B
Chromadorita 77.318.5 9 14.1+7.7 3 2A
Desmodora 128.1+54.2 15 57+1.1 1 2A
Graphonema - - 23.1£7.5 5 2A
Longicyatholaimus - - 90.4+28.5 20 2A
Metachromadora 43.1+£11.9 5 5.8+0.7 1 2A
Phanoderma 4.2+£0.5 0.5 - - 2A
Pomponema 11+£2.3 1.3 13.2+3.4 2.8 2A
Pseudochromadora 68.2+32.3 8 11.1+1.7 2.5 2A
Spilophorella 43.3£10.4 5 32.4+18.4 7 2A
Spirinia 9.5+£1.8 1 68.7£16.8 15 2A
Halicoanolaimus 9.3+3.3 1 9.5+.3.3 2 2B
Mesacanthion - - 14.3+4.5 3 2B
Oncholaimus 36+21.1 4.2 11.5+2.2 2.5 2B
Viscosia 23.2+8.5 2.7 5.240.3 1 2B
Total average count 858+50.2 460.6+£33.5

Epistrate feeding (2A) was the most abundant type in both habitats (57% in the
unvegetated sediment and 45% in the seagrass beds) (Fig.7). 10 of 21 of nematodes are
epistrate feeders, followed by 4 genera of non-selective deposit feeders (1B), 4 genera of
predator/omnivore (2B), and 3 genera of selective deposit feeders. (Table 5). In the
seagrass bed habitats, epistrate feeders and non-selective deposit ones showed very
similar occurrences (Fig. 7).
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Fig. 7. The contribution of trophic types of nematodes in the studied habitats; sea grass beds (on
the left) and unvegetated sediments (on the right).

DISCUSSION

The density of meiofauna in the studied sites were within the range of several
tropical seagrass beds. Pusceddu et al. (2014) studied the meiofauna in three tropical
ecosystems; namely, the Caribbean Sea, Mexico; the Red Sea, Egypt, and the Celebes
Sea, Indonesia and found similar values. Additionlly, Ansari and Parulekar (1994) in
the Arabian Sea and Ndaro and Olafsson (1999) in Zanzibar found quite similar
abundances.

High densities of meiofauna were found in the unvegetated sediment areas of the
studied sites. This could be attributed to the high abundance of Copepoda and their
nauplii in these habitats in comparison with those in seagrass beds at each site. This
finding coincides with that of Liao et al. (2015) who found that, copepod densities in the
seagrass bed are lower than those in the unvegetated sediments in Taiwan. This concurs
with the findings of Castel et al. (1989) in the Arcachon Bay on the south west coast of
France, Danovaro et al. (2002) in the west Mediterranean Sea, Hourston et al. (2005) in
Australia, and Leduc and Probert (2011) in southern New Zealand. In contrast, the
abundance of Copepoda was higher in seagrass beds of Tahunanui, Nelson New Zealand
(Hicks, 1986), in the Arabian Sea (Ansari & Parulekar, 1994), in Zanzibar (Ndaro &
Olafsson, 1999) and in Gazi Bay, Kenya (De Troch et al., 2001).

Copepoda are very important for seagrass meadows. Copepod is valuable taxa in
the seagrass beds; they contribute to the reduction of epiphytes due to grooming which
provides benefits to the seagrass shoots (Naufal & Pamavati, 2018).

In the current study, copepod densities were positively correlated to the median
grain size of sediments although those underneath the seagrasses exhibited smaller
median grain sizes than those of the unvegetated areas, matching with the findings of
Coull (1985) in South Carolina USA. Leduc et al. (2009) and Leduc and Probert
(2011) in New Zealand reported that, dense vegetation of seagrasses inhibit the growth of
microflora in these soft bottom habitats, which are the main food items of copepods.
Giere (2009) reviewed that, the interstitial Copepoda favored the well oxygenated
sediments. Therefore, the dense occurrence of this group in unvegetated sediments of the
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study areas could be referred to the coarse texture of the sediment particles which is more
fitted to keep the oxygen saturation level in their pore waters higher than the seagrass
beds.

Commito and Tita (2002) concluded that, the high dispersal rates of Copepoda
and their nauplii in comparison with nematodes affect the local distribution patterns in the
seagrass habitats of Main, USA. These organisms are active and could forage for foods in
the margin of unvegetated sediments but still close to seagrass beds (Orth et al., 1984).
This explanation supports my conclusion for the high occurrence of Copepoda whether in
the sediments underneath the seagrass beds or in the unvegetated areas.

High densities of nematodes in seagrass beds were higher, compared to those in
the adjacent unvegetated sediments. The high abundance of nematodes in these habitats is
mainly due to their high organic matter and fine fraction contents. The same findings
were reported in the study of Castel et al. (1989) in the west Mediterranean Sea,
Danovaro et al. (2002) in Australia, Hourston et al. (2005) in New Zealand, Leduc and
Probert (2011) in Taiwan and Liao et al. (2015). Giere (2009) stated that the abundance
of nematodes was positively correlated with fine sediment texture and rich organic
contents within the inhabited sediments.

21 genera of nematodes were recorded herein. Of them, 10 genera were epistrate
feedes which is in accordance with several studies in the seagrass habitats (in Zanzibar,
Ndaro and Olafsson 1999; in west Mediterranean Sea, Danovaro and Gambi, 2002; in
Australia, Fonseca et al,. 2011). Epistrate feeding type (2A) was the most abundant
between the recorded nematodes. This might be referred to the sediment texture that is
dominated by different categories of sand. However, non-selective deposit feeding type
(1B) came second in abundance in seagrass areas which displayed a smaller median grain
sizes than that determined for unvegetated ones. This finding is in accordance with
Alongi (1986) who concluded that epistrate nematodes were very common in medium
coarse sands with a very poor fine fraction in tropical habitats in Australia.

Daptonema, was the most abundant nematodes in both habitats. This is in
agreement with Ndaro and Olafsson (1999) in Zinzibarm eastern Africa; Hourston et
al. (2005) in Australia; Fonseca et al. (2011) in Australia; Liao (2015) in Taiwan. They
found this genus to be very common in the widespread seagrass habitats, particularly in
sandy sediments. Although Daptonema is a non-selective deposit feeder, various
ecological studies have established that they also feed on diatoms at the surface of
sediment grains and can act as epistrate feeders (Moens and Vincx 1997 in Netherlands).
Sabeel and Vanreusel (2015) found that Daptonema was occurred in all sediment
samples of the mangroves along the Sudanese coast of the Red Sea. They referred that to
its ability to tolerate unfavorable conditions in addition to considering it as a fast
growing, opportunistic genus which can reproduce early in any habitats.

In the current study, some genera were found to be restricted to the seagrass
habitats while others showed the opposite. Longicyatholaimus was restricted to
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unvegetated areas and ranked second in abundance. In the southeastern coast of Taiwan,
Liao et al. (2015) found that this genus was dominant in unvegetated sediments than
those adjacent seagrass bed in the southeastern coast of Taiwan. Monthum and
Aryuthaka (2006) found that Paralongicyatholaimus; is the dominant genus in seagrass
beds and adjacent unvegetated regions in Thailand.

CONCLUSION

Meiobenthic community structure varied among habitats rather than sites and
sediment characteristics played an apparent role in constituting these communities.
Nematoda and Copepoda exchanged dominance in the studied habitats. Free living
nematodes were the most abundant group in the seagrass bed areas and epistrate feeding
was the dominant feeding type. Further studies are recommended to examine other
components (i. e. macrofauna and micro-phytobenthos) in the seagrass communities
along the Egyptian Red Sea coast. Their relationships with meiobenthic organisms need
to be studied in order to give us an integrated knowledge on these valuable habitats.
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