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INTRODUCTION 

The effects of pollution on meiofauna have received little -investigation. 
This is surprising in view of the characteristics of meiofauna such as abun­
dance, ease of collection, and general short life span, that make them appro­
priate an!ima,ls for pollution s tudies (G .r a y and V e nt i 11 a, 1971; H u l ,i n g s 
and Gr a y, 1971). The few studies that have been conducted include labora­
tory and field investigations. G r a y and V e nt i 11 a (1971) reported labor­
atory studies on the effects of industrial pollutants on the growth rate of a 
species of Archiannehda. It was found that the ,poHutants in combination 
depressed the growth rate more significa.ntly than indirvidrual poHutants, 
emphasizing the synergistic effect of pollutants. 

Field studies on the effects of pollution have been conducted by O 1 i f f , 
B e r r i s f o r d , Tur 11'1 e r, B a 11 a r d and M c w -i 11 i a m (1967) on the sand 
beaches of Natal, South Africa. They found that on an open exposed beach, 
high numberis and a variety of species were associated with Mgh sewage input. 
Gr a y and V e n ti 11 a (1971) were not able to condusively ,relate decreased 
meiofaunal density to pollution (sewage and industrial) from the River Tees 
on the east coast of England. They reported visible sewage pollution at one 
of four si:tes; the popiulation derusity was the lowest where the sewage was 
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observed. O' S u 11 i v a n (1971) has reviewed the ecological effects of sewage 
in the marine environment. He cites the work of D a t e (unpublished) on 
beaches near Liverpool, England. D a t e found that ciliated Protozoa were less 
affected by sewage poUution than were Metazoa. The divers'ity of the Protozoa 
was found to be the same for polluted and unpolluted beaches whereas the 
number of species .of Metazoa decreased in polluted beaches. 

A study of the effects of sewage pollution in the Eastern Mediterranea!1 
is espec-ially signlificant. The Eastern Mediterranean ha,s been charracterized 
by low p1roductivity becaiuse of the low nutrient input via rivers and the circu­
lation pattern whereby the surface water originatirrg from the Atlantic is 
depleted of nutrients iby the time it reaches ithe Eastern Mediterranean 
(E me r y and G e o r g e, 1963). The productivity is expected to become even 
lower with the damming of 1:he Nile River, the primary source of nuttienis 
in the Eastern Međiterranean. The :possibi:lity exists, however, that the dis­
charge of sewage into the Eastern Mediteru-anean cain to a degree compensate 
for the loss of n,utrients from the Nile. The second reason for this study was 
to obtain an insight '.into the effect of sewage on meiofauna density and to 
establish baseline data for compairisons of poHuted and unpolluted beaches. 

Toward this end, a sand beach poHuted by sewage was selected for a 
spatial study. The sand beach as a system in which to invest'i'gate the effects 
of organic input :iJs appropriate because of the filtering nature which tends to 
concentrate poll.iutants and the abundance of meiofauna, among whioh are a 
variety of feeding types. A spatial study, with statistical design requiring 
replicate sampling, was considered of primary importance in determining the 
effect of sewage polliution on sand beach meiofauna. Such a study would 
require detailed sampling of sites along the beach to take into consideration 
differential exposure to sewage. 

METHODS AND MATERIALS 

Kha1de beach, located 5 km south of Beirut near Beirut International 
Airport, was selected for detailed study. The beach in 2.2 km lon,g, with an 
airea of 1 x 106 m2 and ±s tideless and fully exposed to wave action. Khalde 
beach is polluted by untreated discharge from one of the major sewer outfalls 
of greater Beivut. Although official figures on the volume of discharge were 
not available, unoffic~al estimates were around 700 L/sec. 

The sewer outfall is situated about 70 m seaward of the beach arrd empties 
near the surface. Firom the sewer ,to the southern end, the beach is sandy and 
interrupted by one sman rock outcrop. The vicinity of the sewer outfall is 
rocky and from the sewer to the northern end of the beach there are alter­
nating stretches of •rock outcrops and sand beach. 

Three sites were chosen for detailed study of meiofauna, the sites being 
selected on the hasis of proxi,miity to the sewer. The sites were the north 
site, the sewer site and the south site. Each site was sampled 4 times d<uring 
the year to take ·ilnto con:sideration the sea temperature maximum of 32°C in 
August and minimum of 17°C •in February (G e o r g e, At h a n a s s i o u and 
Bou 1 o s, 1964). The specific sampling dates were June 11, 1971, August 14, 
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1971, Novem'ber 13, 1971, a:nd February 11, 1972. Six replicate, 4.4 cm diameter 
cores were taken with a hand-operated plastic coring tube from within a 
0.5 X 0.5 m grid divided into 16 equal squares. The squares were designated 
1 through 16 •and those t·o be sampled were selected from a ,random number 
table. 

For each site, two levels were sampled. The levels were the wave-wash 
zone (designated as WWZ), where the surface of the sand was saturated with 
water 90 percent of the time, and h:i'gher up on the beach where the water 
table was 40 cm below the sand surface {desiginated as WT). Pr evious studies 
by H u 1 i n g s in Tunis'ia (1971) and Lebanon (1974) showed quantitative 
differences in meiofaunal densities between the two levels. In the wave-wash 
zone the cores were 20 cm deep; at the water table, 15 cm deep. For the latter, 
preliminary holes were dug to determine the location of the 40 cm water table. 
Then, for sampling, a 5 x 50 cm hole was excavated just to the level of the wa­
ter table. The obtaining of hand-operated cores deeper than 15 cm at the water 
table was extremely difficult beca'll.Se of compactness of the sand. Each wave­
wash zone and water table core was divided into 5-cm sections, placed in a 
separate plastic jar, and preserved with two volumes of 5 :percent buffered 
formalin within 2 hours after collection. Formalin preservation caused consi­
derable distortion •of »soft« fauna, especia,lly '11urbellaria and Gasto,poda. Obser­
va1lions were made on the effects of preservation on »soft« fauna by placing 
living specimens in formalin and noting chariacteristic changes in shape. Based 
on these observat~ns, .the »soft« fauna could ibe identified at the group level. 

Temperature was measured in situ in the wave-wash zone and at the 
water table wi1th a mercu~y thermometer. Water samples for salinity deter­
minations by conductiv'ity were taiken in the wave-wash zone; at the water 
table, the water sample was taken from and accumulated pool following meio­
faunal sampiing. During the November and February samphngs, the water 
for salinity determinations was taken with the interstitial w ater sampler desig­
ned by M a k e m s o n (1972). 

In the labo.ratory, the meiofauna was extracted by 1placing the individual 
samples in a 400-ml jar, adding 300 ml of :firesh water, and shaking. After 
allowing the sand to settle, the liquid was poured through a 52-mµ mesh net. 
This process was repeated three times and the total extracted mei'ofauna 
collected on the net for each sampl.e was preserved in 5 percent buffered for­
mailin. The efficiency of this procedure was cheoked by adding Rose Bengal 
stain to the extracted sediment and repeating the extraction procedure. The 
results revealed a 97 percent extraction eff.iciency for most meiofauna, although 
for Nematoda, the efficiency was 95 percent when there were more than 500 
specimens per sample. The protozoan fraction was ignored due to difficulty 
in extraction and coU!llting, although cili:ates can be important components o:! 
sand communities (Fen ch e 1, 1969). The total meiofauna was counted under 
a binocular microscope at 25 x by placing the sample in a Petri dish over a 
grad. The numbers were recorded at the higher taxon level, i. e., Nematoda, 
Harpacticoida, etc. Counting efficiency, determtned by recounting several ran­
dom 1sarnples, was found to be 99 percent accurate in most cases; it was only 
97 percent accura:te, however, for Nematoda and Protodrilus when the density 
was very high. 
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Conductivity measurements of water samples were made using the Elec­
tronic Switchgear Conductivity Meter Type MCl. The conductivity was con­
verted to salinity from a standard curve of conductivity vs . concentration 
of NaCl. 

For granulometric analyses, one complete core nearest the middle of the 
grid at each level was retained fo1lowing extraotion of the meiofauna. Each 
5-cm interval was analyzed at 0.5 0 intervals from 0.5 to 3.0 0 following the 
technique desc.ribed in H u 1 i n g s and Gr a y (1971). A rmeasure of overall 
size, the graphic mean (Mz0 ), and the inclusive graiphic standard devtation 
(aI0), a rneasure of sorting, were determined as given by F o 1 k (1968) . 

Table 1 shows the raw meiofauna density by taxon for each site by sam­
pling date. The density for each depth interval is the total of 6 cores. Each 
interval represents a volume of 75 ml of sand. For the statistical analyses, all 
samples at a pa-rticular site and sampling date were lumped to obtain the 
mean. 

Table 1. Meiofaunal dens-ity .for each samp1ing date and each site. Numbers are 
the total for 6 cores. 

June 11, 1971 
North Site 
wwz WT 

'Taxon 0-5 5-10 10-15 15-20 0-5 5-10 10-15 
Turbellaria 215 279 182 140 65 120 97 
Gastrotricha 1123 872 163 73 1 1 2 
Nematoda 750 1174 952 711 296 400 238 
Archiannelida 1375 3413 211 154 310 450 468 
Polychaeta 1 23 8 10 o o 3 
Oligochaeta 148 186 88 32 4 5 18 
Gastropoda o o o o o o o 
Mystacocarida o 1 1 2 173 231 209 
Ostracoda 20 72 84 66 o 5 3 
Harpacticoida 502 1188 1397 867 92 94 420 
Halacarida o 1 o 1 2 1 1 
Tardigrada 7 14 26 8 5 12 12 

Sewer Site 

Turbellaria 180 163 256 158 140 172 82 
Gastrotricha 1 17 87 107 o o 1 
Nematoda 2471 6754 6749 4262 471 451 380 
Archiannelida 2 75 369 168 64 78 72 
Polychaeta 4 13 16 19 o 3 4 
Oligochaeta 5670 2334 1566 1639 27 61 14 
Gastropoda o o o o o o o 
Mystacocarida o o 3 20 118 129 190 
Ostracoda 6 8 11 7 1 o 1 
Harpacticoida 9 107 1053 1812 199 371 472 
Halacarida 1 1 2 3 2 2 2 
Tardigrada 16 48 74 33 1 1 2 

South Site 

Turbellaria 19 75 86 66 71 102 81 
Gastrotricha 3 11 8 10 2 o o 
Nematoda 966 972 628 400 376 461 370 
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Table 1. Cont'd. 

Archiannelida 46 57 108 115 27 72 204 
Polychaeta 11 4 20 29 6 32 38 
Oligochaeta o 4 1 o 3 3 2 
Gastrorpoda o o o o o o o 
Mystacocarida 1 2 1 7 27 51 76 
Ostracoda 3 3 1 1 6 7 6 
Harpacticoida 20 84 153 500 56 110 175 
Hala cari da 1 o 1 1 1 o o 
Tardigrada 6 11 24 6 9 5 2 

North Site 

August 14, 1971 

wwz WT 

Taxon 0-'-5 5-10 10--15 15-20 0-5 5-10 10-15 
Turbellaria 103 178 199 78 189 127 111 
Gastrotricha 8 72 141 40 2 3 o 
Nematoda 278 137 288 702 1222 504 317 
Archianne1ida 2360 2578 747 92 1370 175 83 
Polychaeta o 2 2 2 3 1 o 
Oligochaeta 7 10 236 141 70 54 20 
Gastropoda 26 57 10 11 9 5 5 
Mystacocarida o o o o o 3 1 
Ostracoda 16 20 122 133 9 2 :3 
Harpacticoida 65 234 447 773 o 1 o 
Halacarida 1 o o o o o 1 
Tardigrada o o o o 

Sewer Site 

TurbeHaria 238 91 81 60 125 162 150 
Gastrotricha 8 21 10 15 o o o 
Nematoda 390 5984 3110 1212 303 233 108 
Archiannelida 3499 3810 2168 110 4010 1886 517 
Polychaeta 8 15 21 10 10 16 21 
Oligochaeta 66 122 35 19 2 3 7 
Gastropoda 1 17 4 12 7 4 o 
Mystacocar~da 8 o o 1 262 171 126 
Ostracoda 489 959 331 154 7 2 o 
Harpacticoida 330 1582 2269 478 2779 3596 3623 
Hala cari da 1 2 o 1 2 3 o 
Tarcligrada o 1 1 1 o o o 

South Site 

TurbeHarJa 312 208 210 69 49 83 44 
Ga,strotricha 14 34 20 4 o 1 o 
Nematoda 2659 4528 3408 2031 112 54 40 
Archiannelida 1467 3508 1192 122 62 40 37 
Polychaeta o 5 6 14 52 131 61 
Oligochaeta 93 215 80 25 8 16 5 
Gastropoda 17 13 8 4 o o o 
Mystacocarida 26 21 40 5 1015 981 462 
Ostracoda 498 346 364 166 5 o o 
Harpacticoida 152 527 506 400 1062 1929 717 
Fialacarida 6 7 12 8 11 17 3 
Tardigrada o o 2 o o o o 
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Table 1. Cont'd. 

November 13, 1971 

North Site 
wwz WT 

Taxon 0-5 5-10 10-15 15-20 0-5 5-10 10-1:5 
Tur,bellariia 114 205 119 114 252 302 60 
Gastrotricha 7 118 88 60 6 12 10 
Nematoda 296 170 298 204 471 782 725 
Archiannelida 1647 18917 18846 11628 60 100 33 
Polychaeta o o o o ,O 1 1 
Oligochaeta 19 17 49 60 1 29 45 
Ga,stropoda 44 44 42 9 2 3 2 
Mystacocarida 1 o o o 1 o 4 
Ostracoda 12 21 4 3 5 8 19 
I-Iarpacticoida 17 74 721 670 263 910 1310 
Halacarida o o o 1 3 o o 
Tardigrada o o o o o o 1 

South Site 

Turbellaria 154 606 127 93 52 49 98 
Gastrotricha 1 2 1 o o o 2 
Nematoda 538 653 187 177 852 873 679 
Archiannelida 36 38 41 21 697 1192 2555 
Polychaeta 1 o o 2 1 2 2 
Oligochaeta 19 289 185 185 o 3 9 
Gas tropo da 5 33 14 19 2 3 13 
Mystacocarida o o 1 o 1 2 1 
Ostracoda 388 475 49 27 10 4 5 
Harpacticoida 21 153 200 306 280 263 572 
Halacarida 1 26 7 8 o 1 4 
Tardigrnda o o 1 1 2 3 o 

South Site 
Turbellaria 142 145 118 108 195 280 247 
G astrotricha 3 17 3 1 
Nematoda 431 192 197 101 131 105 55 
Archiannelida 1897 4281 1475 143 135 165 244 
Polychaeta 1 o 2 o 7 8 17 
Oligochaeta 21 l8 32 28 4 5 4 
Gastropoda 5 12 10 8 o 2 2 
Mystacocarida 2 3 5 o 1 3 1 
Ostracoda 83 35 45 65 58 34 24 
Harpactiooida 60 231 190 195 214 204 216 
Halacarida 10 51 74 48 8 3 1 
Tardi,grada o 1 o 1 23 43 23 

North Site 
February 2, 1972 

wwz WT 
Taxon 0-5 5-10 10-15 15-20 0-5 5-10 10-15 
Turbellaria 91 238 107 138 60 65 53 
Gastrotricha 4 19 25 27 2 o 1 
Nematoda 333 98 87 72 307 303 241 
Archianne1ida 1202 34957 16140 12651 86 40 19 
Polychaeta o 1 7 17 1 o o 
Oligochaeta 1 32 25 71 17 20 5 
Gastropoda o o o o o o o 
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Table 1. Cont'd. 

Mystacocarida o o o o 373 534 485 
Ostracoda 3 1 5 3 7 o o 
Ha.l'pactiCO'ida 12 7 57 244 1059 1657 . 1491 
Halacarida o o o o o 1 o 
Tardigrada o o o o o o o 

Sewer Site 

Turbellaria 350 388 190 148 123 121 90 
Gastrotricha 1325 616 360 157 56 12 14 
Nematoda 627 489 566 400 400 668 607 
Archiannelida 1306 23191 55369 7878 57 83 55 
Polychaeta 2 36 28 16 1 1 4 
Oligochaeta 97 200 298 7 o o o 
Gastropoda o o o o o o o 
Mystacocarida 5 o 1 o o o ' i 
Ostracoda 1903 676 1006 601 7 2 o 
Harpacticoida 123 940 5694 3106 1225 489 416 
Halacarida 3 5 18 12 8 6 4 
Tardigrada o 10 7 15 8 3 3 

South Site 

Turbellaria 191 105 120 61 20 28 34 
Gastrotricha 158 254 118 24 4 5 5 
Nematoda 1220 156 178 123 78 59 28 
Archiannelida 1048 3431 2841 1295 32 46 43 
Polychaeta 1 9 13 11 3 7 5 
Oligochaeta o o o o o o o 
Gastropoda o o o o o o o 
My,stacocarida o o o o o o o 
Ostracoda 222 104 87 27 17 25 21 
Harpacticoida 33 82 324 374 26 44 28 
Halacarida 26 40 49 17 1 o 2 
Tardigrada o 1 1 1 o o o 

The sampling prog,ram of this study was designed so that comparisons oI 
sites, months, and levels wilth respect to mean meiofaunal density could be 
made using two types of analysis of variance (hereafter referred to as anova) 
described by S o k a 1 and R o h 1 f (1969). The least significant diference test . 
of S o k a 1 and R o h 1 f (1969) was used to determine differences between 
means. In order to ·use these anovas, the e:r,ro:r varriance must 'be homo,geneous 
(Simpson, Roe and Lewontiin, 1960; Sokal and RohH, 1969). 
Calculations ,of the mean and v,ariance for the raw meiofauna,l data (Table 2), 
based on the means of 10-cm cores, showed that the variance increased as the 
meain increa:sed. The raw means were thus transformed to Jiog10 to stabilize 
the var,iance (S o 'k a 1 ,and R o h 1 f, 1969) as shown in Table 3. The assump­
tion is made that the transfor mation for 10-cm cores is valid for deeper cores. 
Oliff et al. (1967), Gray and Rieger (1971) and Hulings (1971) have 
used simrilar anovas for analyzing meioiaunal data in terms of abundance and 
distribution. 
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Table 2. Variances and means for the raw meiofaunal numbers from 10-cm care~ 
for two levels at each site. 

A. wwz 
NORTH SITE SEWER SITE SOUTH SITE 

Month Mean Variance Month Mean Variance Month Mean Variance 

(A) 1003 45,974 (N) 577 27,080 (J) 413 11,650 
(J) 2054 92,246 (A) 2943 354,262 (F) 1440 349,470 
(N) 3310 6,646,918 (J) 3487 467,512 (N) 1521 2,646,490 
(F) 6170 13,076,175 (F) 5476 6,247,732 (A) 2441 301,798 

B.WT 
NORTH SITE SEWER SITE SOUTH SITE 

Month Mean Variance Month Mean Variance Month Mean Variance 

(J) 404 10,564 (J) 392 195,697 (F) 66 1,660 
(N) 528 381,995 (F) 432 15,058 (J) 182 522 
(F) 774 79,107 (N) 778 95,234 (N) 295 21,434 
(A) 1419 413,432 (A) 2308 849,254 (A) 917 214,779 

J - June; A - August; N -NovembeT; F - February. 

Table 3. Variances and means for the log10 transformed meiofaunal numbers from 
10-cm cores for two levels at each si-te. 

A.WWZ 
NORTH SITE SEWER SITE SOUTH SITE 

Month Mean Variance Month Mean Variance Month Mean Variance 

(A) 2.9927 0.0162 (N) 2.7456 0.0166 (J) 2.6015 0.0167 
(J) 3.3086 0.0043 (A) 3.4599 0.0100 (F) 3.1245 0.0376 
(N) 3.3861 0.1555 (J) 3.5356 0.0076 (N) 3.2996 0.0793 
(F) 3.6924 0.1351 (F) 3.6816 0.763 (A) 3.3770 0.0117 

B. WT. 

Month Mean Variance Month Mean Variance Month Mean Variance 

NORTH SITE SEWER SITE SOUTH SITE 

(J) 2.5949 0.0115 (J) 2.5717 0.0227 (F) 1.7537 0.0671 
(N) 2.7029 0.0839 (F) 2.6195 0.0177 (J) 2.2567 0.0032 
(F) 2.8627 0.0266 (N) 2.8630 0.0290 (N) 2.4265 0.3775 
(A) 3.1111 0.0462 (A) 3.3331 0.032:3 (A) 2.9037 O.D711 

RESULTS 

There are several Hmitations that must be imposed in the interpretation 
of the data obtained in this study. First, comparison of the wave-wash zone 
and the 40 cm water table based on meiofaunal density must take into con­
sideration the fact that the two levels are significantly d'ifferent. Second, the 
vertical distrihution of the mei1ofauna on Khalde Beach below 20 cm for the 
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wave-wash zone and below 15 cm for the water table is not known. Exami­
nation of Table 1 reveals that in the case of the total meiofauna, the peak of 
abundaince was between 5 a,nd 15 cm in the wave-wash zone. The majority 
of the individua! taxa also peaked in abundance between 5 and 15 cm in the 
wave-wash zone. M ,a k e m s on (1973) has shown higher meiofaunal density 
above the 40 cm water table. Thus the inte11preta,tion of the results for the 
40 cm water table must be limited and ·the -results for the wave-wash zone 
considered valid only for the upper 20 cm. And horizontal and vertical migra­
tion has not beein taken into considerartion. Third, only limited data on the 
deg,ree ·of pollution of Khalde beach were avali-lable at the time of this study. 
Subsequent data collected by H a b e r (personal communication) during spring, 
summer and autumn 1974 along Khalde beach at sites equivalent to those of 
this study provide an indication of .the pollution. The data include protein 
content of wave-wash zone sand and P01,_ - P, NO3 - N and NH3 - N con­
centrations of the water immediately adjacent to the wave-wash zone and are 
given in Table 4. It is important to note that Khalde beach is less polluted 
(using the above criteda as indicators of pollution) than other beaches in the 
greater Beirut area (H a b e r, unpublished) . 

Table 4 shows the physical and chemical environmental data for the two 
levels at the three sites for each sampl'i:ng period. The variation in salinity 
for the wave-wash zone, ranging from 32.8 to 37.0%0, suggests the influenee 
of fresh water input via the sewer plus .g,round water flow through the beach, 
Certain sa1inity va1ues for the vrater table and more detailed studies of the 
chemist-ry of the interstitial water of Khalde .beach by Mak e m s on (1973) 
showing lowered salinities support the influence of ground water flow. The 
temperature in the wave-wash zone ranged from 15.0 to 29.0°C; in general, 
the temperature at the water table was about 2°C lower than in the wave­
wash zone, the June measurement being an exception. The two levels and 
three s.ites are very simila-r with respect to grai:n size analysis; all were very 
well-sorted, medium-grained sand. 

Table 4. A. Physical and chemical environmental data for the wave-wash zone and 
the water table. 

Sampling date 
and site Sa1inity (%o) Temperature (°C) M.0 aI0 

wwz WT wwz WT wwz WT wwz WT 

June 11, 1971 
North 36.0 39.0 26.0 27.0 1.29 1.26 0.22 0.10 
Sewer 35.0 30.0 26.5 27.0 1.30 1.30 0.17 0.16 
South 36.0 35.0 26.0 27 .0 1.34 1.30 0.19 0.15 

August 14, 1971 
North 37.0 37.0 28.5 26.6 1.41 1.48 0,26 0.:l3 
Sewer 37.0 37.0 29.0 27.5 0.98 1.17 0.22 0.19 
South 23.0 29.0 27.0 1.62 1.35 0.26 0,21 

November 13, 1971 
North 36.7 36.6 23.0 20.0 1.32 1.34 0.25 0.25 
Sewer 34,5 <1.0 23.0 21.0 1.32 1.32 0.24 0.23 
South 39.0 36.1 23.0 20.0 1.53 1.60 0.28 0.30 

February 11, 1972 
North 34.0 32.4 16.0 14.0 1.04 1.30 0.25 0.19 
Sewer 32.8 35.2 15.5 14.0 1.26 1.24 0.24 0.21 
South 36.8 37.4 15.0 14.0 1.45 1.25 0.28 0.22 
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B. Pro-tein (sand) and nutrient (wave-wash zone water) 
concentrations (data from H a b e r, unpublished) 

Protein PO,-P N03-N 
Site and Season (µg/g sand) (µg at/L) (µg at/L) 

South - Spring 209 4.01 1.31 
Summer 213 5.33 2.94 
Fall 203 5.76 2.43 

Sewer - Spring 320 15.11 15.19 
Summer 353 15.24 15.44 
Fall 360 17.24 17.19 

North - Spring 250 8.80 13.13 
Summer 261 9.36 14.01 
Fall 268 10.55 14.91 

NH3-N 
(µg at/L) 

15.90 
16.51 
17.39 
27.90 
31.17 
30.00 
27.78 
32.90 
34.22 

For the staUstical analyses, the 5 percent significance Ievel was used as 
the rejection value by convention. One and two-way anovas were conducted 
on the mean mefofauna1 ruumbers transformed to log10. }n most cases, a two­
way anova of sampling periods vs. sites showed a significant interaction value, 
indicating that d'ifferences in values could not be attributed to differences in 
months alone OT in sites alone; a factor involved in measurements for months 
was also affecting sites. One-way anovas were then perfol'll'Iled on the sampling 
periods and on the sites. A correction factor was needed to compensate far 
using the same date in more than one anova. The F ratio must be significant 
at the P/N level, where P is the desired significance level and N is the rrumber 
of different anovas on the same data. This was not cor.rected for in the tests. 
In most cases, a maxiimum of four tests were .performed on the same datc1., 
so F ratios significant at the 1 percent level are reaUy significant at the 5 
percent level. The resuJ.ts of the various anovas are summarized below. 

Two-way anovas of sites vs months for total meiofauna in 20- and 15-cm 
cores for all wave-wash zone samples (Table 5A, C) revealed significant differ­
ences between the means for the sites and months. The significant interaction 
indicated that the conditions during the months affected the meiofauna at 
different sites differently. One-way ,anovas on the total wave-wash zone meio­
fauna in 20- and 15-cm cores for ,each site showed that the mean meiofauna 
numbers for each sampling period at each site were different (Tables 6A, C, 
D and 7A). The means foT the sewer site were higher in three out of four 
sampling periods. 

Two-way anovas of sites vs. months for the total meiofauna minus Pro­
f;odrilus in 20- and 15-cm wave-wash zone cores (Table 5B, E, F) showed that 
there were SJignificant differences between the means but there was less 
interaction between sites and months. The mean wave-wash zone numbers of 
total meiofauna minus Protodrilus for each sampling period at each site were 
significantly different as were the three sites and four months (Tables 6B, E, 
F and 7B). The removal of Protodrilus in the wave-wash zone, however, 
changed the relative orders of meiofauna1 abundaince for months and sites 
(Tables 5C, E; 6C, E; and 7C, E). The sewer site stlill had the highest overall 
abundance but the south site was second i:n abundance instead of the north, 
as was the case for the total meiofauna. 
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Table 5. Two-way anovas of sites vs. months. 

Source of 
Variation 

A. Total in 20-cm Sites 
WWZ co:res Months 

Interaction 
B. Total minus Sites 

Protodrilus Months 
in 20-cm WWZ cores Interaction 

C. Total in 15-cm Sites 
WWZ cores Months 

Interac.tion 
D. Total in 15-cm Sites 

WT cores Months 
Interaction 

E. Total minus Sites 
Protodrilus Months 
in 15-cm WWZ cores Interaction 

F. Total minus Sites 
Protodrilus Months 

Interaction 

F ratio 

98.0870*'' 
101.5990'''•' 
106.0060*'' 
135.5671 >h': 

86.28041'* 
23.121tr"* 
49.4764*'' 
53.7068** 
50.4973*"•' 

126.0732*'' 
80.8674*''' 
20.250:l1''' 

125.6745'"' 
65.7216'b': 
24.8584''·' 
58.0086'''.!: 
45.8913'''' 
25.3913*'' 

Modified F ratio 

Sites/Interaction 
Months/Interaction 

Si tes/In teraction 
Months/Interaction 

SLtes/lnternaction 
Months/Interaction 

Sites/Interaction 
Months/Interaction 

5.8631 * 
3.7315 

6.2258* 
3.9737 

5.0556* 
2.6438 n . s. 

2.2845 n. s. 
1.8073 n. s. 

Po.05: F (2) (GO)= 3.15; F (3) (60) = 2.76 ; F (6) (GO)= 2.25 P 0.10 : F (2) (6) = 3.46; 
po.01 : F (2) (60) = 4.98 ; F (3) (60) = 4.13; F (6) (GO) = 3.12 f (3) (6) = 3.29 

P o.o5 : F (2) (6) = 5.14; 
f (3) (G) = 4.76 
P 0.01 : F (2) (Gl = 10.92; 
F (3) (6) = 9.78 

Analyses of meiofaunal data for the 40 cm water table revealed signifi­
cant differences between sites and months based on a two-way anova (Table 
5D). One-way anovas for sampling periods at each :site (Table 6D) revealed 
that mean meiofaunal numbers were different. Analyses of sites for the sam­
pling periods revealed the north and sewer sites had · the highest m eiofaunal 
means two out of four sampling periods (Table 7D). 

Table 6. One-way anovas at each site. The source o.f variation -is months. 

A. Total meiofauna in 20-cm WWZ cores. 
Site 
North 
Sewer 
South 

F ratio 
69.7637** 

239.2100** 
38.1860** 

B. Total meiofauna minus P1'Dtodrilus in 20-cm WWZ cores. 
North 37.0611** 
Sewer 80.2275** 
South 35.8186** 

C. Total meiofauna in 15-cm WWZ cores. 
North 22.1539** 
Sewer 160.1652** 
South 32.6666** 
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Table 6. Cont'd. 

D. Total mei,ofauna in 15-cm WT cores. 
North 
Sewer 
South 

9.2029;,t, 
5771.0000'"' 

30.7223''* 

E. Total meiofauna minus Protodrilus in 15-cm WWZ cores. 
North 19.9952'''* 
Sewer 53.4809'°"' 
South 28.2305'''* 

F. Total metofauna minus Protodritus in 15-cm vVT cores. 
North 12.2690'"'' 
Sewer 9.3478'"' 
South 11.9214'"'' 

* Po.os : F (3) (20) = 3.10 ** P 0.0l : F (3) (20) = 4.94 

Comparisons of the two levels, the wave-wash zone and the water table, 
showed there were greater differences between sites and months at the water 
table than in the wave-wash zone (Table 5D); that mean meiofaunal numben; 
for each sampling per iod at the water table were different from those of the 
wave-wash zone (Table 6D); that, whereas the mean fo.r the wave-wash zone 
sewer site was highest three ouL of four sampling periods, both the north and 
sewer sites had the highest mean two out of fou~ sampling per,iods (Table 7D); 
and that the sites affected the levels differently most of the time (Table 8) . 

Table 7. One-way anovas for each sampling period. The source of variation is sites. 

A. Total mei,ofauna in 20-cu WWZ cores. 
Month F ratio 
June 122.0607*'' 
August 37.4375*'" 
November 103.5163** 
February 256.6790'°"' 

B. Total meiofauna mtnus Protodrilus in 20-cm WWZ cores. 
June 21.3181 ** 
August 95.8571 ** 
November 4.3897* 
February 94.3005''* 

C. To-tal meiofauna in 15-cm WWZ cores. 
June 139.5593''* 
August 42.0168** 
November 28.9761 *'~ 
February 107 .7462*'' 

D. Total meiofauna in 15-cm WT cores. 
June 
August 
November 
February 

7.0849** 
6.4803** 

68.4230** 
105.9812** 
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Tabela 7. Cont'd. 

E. Total meiofauna minus PTotodrilus in 15-cm WWZ cores. 
June 84.2700;'* 
August 39.5646** 
November 7.5603'"* 
February 117.0337'"" 

F . Total meiofauna minus Protodrilus in 15- cm WT cores. 
June 0.2543 n. s. 
August 1.9937 n. s. 
November 8.0970''* 
February 102.3027*''' 

* P o.o5 : F (2) (15) = 3.68 ** P 0.01 : F (2) (15) = 6.36 

Analyses of sites vs. months for total meiofauna minus Protodrilus for 
the water table (Table 5F) showed that the differences in sites and months 
were smaller than for the total meiofauna but the interaction was higher. 
One-way anovas for sites showed that all were .si,gnifiicant1y different (Table 
6F). Similar analyses for each sampling period (Table 7F) showed that the 
effect of removing Protodrilus alte-red the relative abundance of meiofauna at 
the three sites and reduced the differences between sites for June and August. 

Table 8. Two-way anovas of :sHes vs. levels for each sampl.ing period. 

Source of 
Variation F ratio Modified F ratio 

Total in 15-cm Levels 370.9980'"* Levels/In teraction 14.2440 
co.res - June Sites 74.9438''* Sites/In teraction 2.8774 

Interaction 
Total in 15-cm Leve-1s 6.1375 n. s. 
cores - August Sites 10.4594*'" 

Interaction 11.2959*'' 
Total in 15-cm Levels 67.4524** 
cores - November Sites 39.3549*'" 

Interaction 48.2090** 
Total in 15-cm Levels 720.1962** Levels/Interaction 59.1236* 
cores - February Sites 194.6270*'' Months/Interaction 15.9777 

lnteraction 12.1812** 

Po.os: F (t) (30) = 4.17 ; F (2) (30) = 3.32 
P 0.01 : F (t) (30J = 7 .56; F (2) (30) = 5.39 

P 0 .10 : F (1) (2) = 8.53; F (2) (2) = 9.00 
P o.o5 : F (1) (2) = 18.51; F (2) (2) = 19.00 
Po.01 : F (l l (2l = 98.49; F (2) (2) = 99 .00 

The data for Khalde beach were compared to that for Sinđbad beach 
obtained by H u 1 i n g s (1974). Sindbad beach, locarted 32 km south of Beirut, 
is a nonsewage-polluted exposed sandy beach of well-sorted medi.um sand. 
Sampling at Sindbad beach was dane at one area during June and Augus,t in 
the same manner as at Khalde with the exception tha-t the cores were taken 
to a depth of 10 cm. Far compa-ris0111, only the top 10 cm of the Khalde samples 
are considered here. The analys~s (Tables 9 and 10) showed ,that for borth the 
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wave-wash zone and the 40 cm water table for June and Augiust there was 
more total mei:ofauna at each of the three Khalde sites than at Sindbad. By 
removing ProtodriLus there was sti.11 more meiofauna at Khalde than at Sind­
bad. The results of the two-way anova for sites and levels minus Protodrilus 
(a very minor component of the meiofauna at Sindbad beach) .revealed (Table 
9) that the differences between sites did not reflect the dominance of Proto­
drilus and that the differences between sites were more meaningful than the 
differences between level-s. 

Table 9. Two-way anovas of sites v,s. levels for meiofauna in 10-cm co,res from 
Khalde and Sindbad beaches. 

Source of 
Variation 

Tortal - June Levels 
Sites 
Interaction 

Total - August Leve-ls 
Sites 
Interaction 

Total minus Levels 
Protodrilus - June Sites 

Interaction 
Total minus Level,s 
Protodrilus - August Sites 

Interaction 

F ratio 

357.9980** 
386.20501"' 

28.4600** 
0.0446 n . s. 

12.4104** 
0.8913 n. s. 

276.3000'"' 
260.4140** 
21.9070** 

0.2689 n. s. 
11.1346** 
3.2386* 

Modified F ratio 

Levels/Interaction 
Sites/In teraction 

Levels/Interacti-on 
Sites/Interaction 

12.5790"* 
13.5700** 

12.2015* 
11.8822* 

Po.os : F c1J (40J = 4.08; F (3J (40) = 2.84 
P 0.01 : F (1) (40) = 7.31; F (3) (40) = 4.31 

Po.os : F Cl) (3) = 10.15; F (3) (3) = 9.28 
P 0.01 : F (lJ (3) = 34.12; F (3) (3) = 29.46 

Table 10. One-way anovas of 10 cm cores from Khalde and Sindbad beaches. The 
source of vardation is sites. 

Month 

June 
August 
November 
February 

Po.os: F (3) c20J = 3.10 

Zone 

wwz 
wwz 

WT 
WT 

DISCUSSION 

F ratio 

27.5742** 
3.4763*" 

124.7206** 
35.6845** 

Po.01 : F C3J (20) = 4.94 

Several factors related to beach dynamics are of importance in this study. 
According to E m e r y and G e o r g e (1963) the prevailing currents along 
the coast of Lebanon are from south to north. Inshore, this pattern may be 
reversed or negated during periods of storms, which normally occur during 
the winter. Reversal of current flow was indicated by baderiological coliform 
data in which the south site had higher numbers of coliforms than the north 
site in November. 
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Since Khalde beach is open, tideless, and fully exposed to wave action, 
the profile of the beach and the landward penetration of marine wčliter are 
extremely varia:ble. Because of the very steep profile •Of the continental shelf 
off the coast of Lebanon, waves reach the beach with high energy. Thus wave 
action is a dominant physical force that can alter many aspects of the beach 
in a short period of time. Water circulation in a sand beach is, obviously, an 
important physical envu,ronmental parameter. D e 1 a mare D e bou t te­
v i 11 e (1960) has proposed a model for circulation on a tideless beach, includ­
ing inflow of continental ground water and input from the marine environ­
ment. This model appears valid for Khalde beach. S t e e 1 e , M u n r o and 
G i e s e (1970) and R i e d 1 and M a c h a n (1972) have emphasized the 
importance of wave action lin the circulation of marine water in beaches. Based 
on studies of interstitial water chemistry of severail beaches in Lebanon con­
diucted by M a k e m s o n (1973), freshwater 'Or water of very low salinity 
was often fo:und ,at 10 m landward of the wave-wash zone, depending on the 
profile of the beach. Interstitial salinities in the wave-wash zone, however, 
were cl-0se to those of the inflowing marine water. Oxygen content of the 
interstitial water 10 m landward of the wave-wash zone was significantly 
less than that of the wave-wash zone. lt is important to point out, however, 
that the above pattern can be significantly altered through wave action. 

Fen ch e 1 and R ·i e d 1 {1970) have discussed the occurrence of a »sul­
fide system« or reducing layer on sand beaches, reporting that such occurrenc­
es are common on protected beaches. Given the high organic input via sewage 
onto Khalde beach (unofficial estimate, 700 L/sec), it might be expected that 
such a system wou1d be encountered, at least landward of the beach. This 
was not the case; at least a readily identifiable reducing layer was not detect­
ed at the water table level. It would appear that through a combination of 
wave action and medium grained, well-sorted saind at both level'S and the 
nearness of the water table to the wave-wash zone (usually less than 5 m), 
the circulation pattern in the beach is such that organic matter does not accu­
mulate in sufficient quantities to result in reducing conditions. The utilization 
of the oll'ganic matter by bacteria and meiofauna may also be a significant 
factor in the absence of a reducing layer. The high density of the meiofauna 
at the water table at certain sampling periods, however, was such to suggest 
a significant input of origanic matter. 

A difference in environmental stability between the wave-wash zone and 
the water table is rproposed. The wave-wash zone 1s considered more stable 
because of more constancy in salinity, oxygen (based on measurements by 
Mak e m s on (1973) and oTgainic input (not measured). The water table, in 
contrast, is considered more unstable becau:se of variable salinity, oxygen and 
organic input. 

Envi!ronmental parameters such as salini:ty, temperature, and granulo­
metry have been emphasized by previous investigatoTs as influencing the 
distribution of meiofauna (S w e dm a r k, 1964; M c I nt y r e, 1969; Ja n s­
s on, 1971; Po 11 a c k, 1971). Only limited data were available in this study 
and these parametres and total meiofauna as compared by the Kendall-Tau 
Technique showed no correlation. The lack of correlation may be due to the 
level at which correlation was attempted, ,o.r may be because the parameters 
mesaured were not directly related to productivity resulting from organic 
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input. Results obtained from other studies indicate the importance of organic 
input in controlling meiofaunal density (H u 1 i n g s, 1974). A range compar­
ison of total wave-wash zone meiofaunal densities was 489 to 2907 specimens 
from Sindbad beach (H u 1 i n g s, 1974) and 2479 to 37,023 specimens for 
Khalde beach. The range at the water table was 46 to 924 specimens for Sind­
bad beach and 395 to 13,853 for Khalde beach. All totals were based on 10-cm 
cores. Mak e m s on (1973) found values of ammonia (,ag at NH3-N/L) in the 
wave-wash zone at Khalde beach to be 20 to 25 whereas at Sindbad, < 0.1. 
Phosphate concentrations at Khalde were between 3 and 6 µg at PO4-P/L and 
< 0.1 to 1.0 at Sindbad. Protein values (based on Lowry determinations) were 
269 µg!g wet simd at Khlade and 130 at Sindbad. Data from a bacteriological 
investigation of Sindbad (K hi y a ma, 1972; K hi y a ma and Mak e m­
s on, 1973) for viable bacteria per gram of sand for August show numbers 
up to an 'Order magnitude lower than those found at Khalde. Given the fact 
that the beach studied by H u 1 i n g s and the one reyorted 0\!1 here are open 
marine, and fully e:x'posed to wave action, tideless, essentially of the same 
temperature and salinity variation and grnnulometry, essentially the same 
meiofauna, the only noticeable difference was the presence nr absence of 
organic enrichment, resulting, in the case of Khalde beach, in a very sig:nifi­
cant increase in mei:ofaunal density. 

The results of the various anovas for Khalde beach show stati:stically 
significant differences in the mean meiofaunal numberis for sites, months, and 
levels. Table 11 shows the means and the least significant differeinces between 
the means. 

For the wave-wash zone, all sites do no,t have the same monthly sequence 
if the means are cons1dered in decreasing magnitude (Table llA). Thus for all 
sites there is no seasonal pattern in terms of meiofauna density. 

The problem of determining a seasonal pattern for each site is compli­
cated by spatial amd temporal variation in meiofaunal distcibution. In England, 
Gr a y and R i e g e r (1971) sampled three different sites on one beach during 
one day and .two different sites on another beach in one day. On both beaches, 
they found that the sites were different. H u 1 i n g s (1971) sampled the same 
two sites on one beach i:n Tunisia three times over a period of ten days. Again, 
d ifferences in sites were found. It was concLuded by H u 1 i n g s that the 
meiofauna density was significantly different in the areas (sites) at different 
times of samphng and that there were signi:fiicant differences in numbers of 
total meiofa:una with time. According to Gr a y and R i e g e r (1971), much 
o.f the variation in meiofaunal numbers has been reported to be due to the 
»clumped« distribution of the meiofauna. Gr a y and R i e g e r found that 
their major groups of meiofauna exhibited a highly contagious distribution. 
Calculations of the index of dispersion far total meiofauna at Khalde beach 
(Table 12) show the same result. 

If each month is considered separately, (Table llA), there is an obvious 
consiistency in that the sewer site was highest 3 out of 4 times and the south 
site was lowest 3 aut of 4 times . .Aissuming that meiofaunal density was a func-
1lio.n ·of org,anic input, the sewer and north sites consistently receive a greater 
amount of sewage than the south site. This reflects the distribution of sewage 
re1'ative to cunents and wave action. 



Table 11. Log10 means and least significant dif:terences (LSD). 

A. Total meiofauna cin 15-cm WWZ cores at each site. 

Log10 
North Sewer South to.o~ 

June 3.3981 3.6515 2.9365 0.0926 
August 3.1328 3.5879 3.1993 0.2676 
November 3.7401 2.8486 3.1993 0.2510 
February 3.9331 4.197-3 3.2565 0.1412 

LSD t0_0~ * 0.2225 0.1284 0.1232 

to.01 *•': 0.3035 0.1752 0.1681 

B. Total meiofauna in 15-cm WT cores a t each site. 
June 2.7995 2.7646 2.5906 0.1259 
August 3.2204 3.4553 2.9868 0.2772 
November 2.9678 3.0958 2.6017 0.0886 
February 3.0610 2.8472 1.9364 0.1748 

* 0.1706 0.0120 0.2363 
** 0.2327 0.0165 0.3155 

C. Total meiofauna minus Protodrilus in 15-cm WWZ cores at each site. 
June 3.1857 3.6439 2.9011 0.1202 
August 2.6291 3.3745 3.4079 0.2110 
November 2.5841 2.8372 2.5368 0.1771 
February 2.2429 3.4165 2.7368 0.1637 

* 0.2378 0.1383 0.2065 
** 0.01743 0.1886 0.2816 

D. Total meiofauna minus Protodrilus in 15-cm WT cores at each site. 
June 2.6640 2.7376 2.8104 0.4366 
August 3.1616 3.2603 2.9640 0.3109 
November 2.9615 2.7226 2.4725 0.2589 
February 3.0526 2.8170 1.8202 0.1948 

* 0.1798 0.2451 0.4360 
** 0.2452 0.3343 0.5946 

Table 12. Indices of dispersi-on (I) for the total medofauna (n-1 5). 

A. WWZ 
North Sewer South 

Month Site 

June 224 670 141 
August 229 601 618 
November 10040 234 8701 
February 10596 5704 1213 
B. WT 
Month Site 

North Sewer South 
June 130 12480 5450 
August 1456 1839 1171 
November 3617 612 363 
February 511 174 125 
P0_05 = 11.07; P0_01 = 15.09 

LSD 
to.01 

0.1281 
0.3701 
0.3471 
0.1953 

0.1741 
0.3834 
0.1226 
0.2418 

0.1663 
0.2918 
0.2449 
0.2263 

0.6038 
0.4300 
0.2694 
0.2694 

357 
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As for the wa,ve wash zone, at the water table the sites were significantly 
different (Table llB). There i:s a degree of seasonality in that August had the 
highest meiofaunal densities at the three siites, but the pattern was by no 
means consistent. If each month is coosidered separately, the conclusi!ons are 
the same as for the wave-wash zone. In a:ddition, it is postulated that there 
was organic input irrto the water ta:ble, indicated by the consistently high 
meiofaunal densities at the norlh and sewer sites. 

In considering months, there are no conc1usions other than those for sites. 
The imterrelationship of months and sites causes a high statistical interaction. 
The reason for this is that the enti-ties of »month« and »sites« are not mu ­
tually exclusive w,ith respect to many environmental pammeters. Even H the 
only significant parameter i•s organic input, it rrnay be varying from site to 
site due to distributi:on, and Erom month to month also due to distribution by 
currents and ci:rculiation wrl.thi111 the beach. 

A compa!I'ison of sirtes, wave-wa:sh zone and water t aJble, showed that there 
was more difference among siites at the water table than in the wave-wash 
zone. This supports the hypothesis that the water ta:ble is a much more vari­
able environment than the wave-wash zone. The general lower meiofaunal 
densities in the water table compared to the wave-wash zone indicate reduced 
organic Jnput although organic content was not measured during this study. 
A subsequent study by Mak e m s on (1973) supports this conclusion. The 
nutrient (interstitial water) and protein concentrations (sediment) in the wave­
wash zone and at a site 10 cm back from Lhe wave-wash zone were: ammonia 
(µg at NH3-N/L), 20 to 25 1n the wave-wash zone, < 0.1 to 2.5 at 10 m back 
from the wave-wash zone; phosphate (µg at PO,.-P/L), 3 to 6 and 1.3 to 1.8; 
protein, 169 µg/g wet sand and 54. The sampling at the 40 cm water table was 
approximately 5 m back from the wave wash zone in1stead of 10 m. 

The large numbers of Protodrilus of Khalde beach suggested that the anal­
yses may have been reflecting its numerical dominance, and raised questions 
aibout the distrihutional relationships of the rest of the meiofauna. In the wave­
wash zone, removal of Protodrilus resulted in high interaction between site., 
and months, but less interaction than f.or total meiofauna. This result was 
expected ,since, according to S w e dm a r k (1964), Protodrilus is a detritus 
feeder. Therefore, removal of a component directly related to organ'ic input 
would tend to lower interaction. Thus the presence of Protodrilus in such high 
densities in the wave-wash zone reflected its role in the community and sugge­
sted that it was an opportunist species in an environment such as Khalde 
beach. This idea is supported by the low densities amd sporadic presence of 
Protodrilus at Sindbad beach (H u 1 i n g s, 1974). 

If the sites are considered separately with respect to months for total 
meiofauna minus Prntodrilus in the wave-wash zone, there is a degree of 
conSistency. The mean me.iofaunal numbers for June and August were higher 
for all three sites than for February and November {Table llC). For the total 
meiofauna (including Protodrilus), however, there was no consistent pa-ttern 
whatsoever, and it was concluded that there was no seasonality. By elimin­
ating Protodrilus, a seasonal pattern in density appeared to exist. 

Analyses of sites for each imonth minus Protodrilus in the wave-wash zone 
showed the sewer site to have the highest numbers for all sampling periods. 
These results tend to support the previous conclusion that the sewer and north 
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sites receive the highest organic input. Instances of no difference amoog the 
order of the sites as well as reversals in relative densirties could occur if Pro­
todrilus were or were not domi.nant. Such occurrences, therefore, do not 
inconclusively support the dominance of Protodrilus. 

The pattern at the water table was less clear-cut due to the heterogeneity 
,of the wa,ter table as a habitat compared to the wave-wash zone and the 
generally lower densities of Protodrilus in the water table than in the wave­
wash zone. Studies by Gr a y (1965, 1966a, b) suggest that the water table 
may not be a suitaible enviromnent for another species of Protodrilus. The 
anova for sites vs. months showed a greater difference between s.i,tes for 
total meiofauna than for meiofauna minus Protodrilus, indiicating tha:t on an 
overall level, in spite of varying months and interaction, Protodrilus does have 
a relati·onshiip with sites. As for tofal meiofauna, remova,l of Protodrilus at 
the water table at each site (Table llD) resulted in an indication of seasonal­
ity with mean meio.faunal numbers highest in August. Here the effect of 
Protodrilus wa:s shown only by changes in the significance ibetween months 
other than August. 

If months are examined separately aiter removal of Protodrilus (Table 
llD) the differences between sites for February remained the same as far 
total meiofauna, while the differences between sHes for the other months have 
become less significant by removal of Protodrilus. This may mean that Pro­
todrilus densities reflect differences in organic input at the sites at the water 
table more strongly than the rest of the meiofauna. 

Much emphasfa has been placed on the relationship of Protodrilus to the 
rest of the meiofauna; in faot, Protodrilus was nat always the dominant com­
ponent. The approach seems to be justified, however, since only one species, 
Protodrilus similis Jouin, was present whereas the o,ther domi~ant groups, 
Nematoda and Harpacticoida, consisted of several species. Thus within the 
framework of the above qualifications, Protodrilus was an important compon­
ent of the meiofauna influencing interpretation oi wave-wash zone data, and 
was an opportunist species. The effect of Protodrilus densities at the water 
table was less clear, perhaps because the water table was a less suitable habi­
tat for Protodrilus. 

Anovas comparing meiofaunal densities at Khalde beach with those for 
Sindbad beach for August (a peark month in Sindbad densities) and June (a 
low month in Sinc:I:bad densrties) show that the meiofaunal densities at Khalde 
beach were significantly higher than those for Sindbad beach. This was true 
for the wave-wash zone and the water table and for total meiofauna at Khalde 
beach and me1ofaun,a minus Protodrilus at Khalde beach. Although three sites 
were sampled at KhaMe beach, and oniy one at Sindbad beach, there was less 
difference among Khalde beach sites than between Khalde beach and Sindbad 
beach and both at water table and in the wave-wash zone. 

H u 1 i n g s (1974) has found, based on monthly sampling of one site over 
a ten-month period (November 1970 to September 1971), two definitive season­
al peaks in mean meiofaunal density in the wave-wash zone at Sindbad 
beach. These peaks were March-AprH-May and Augus,t-September-November. 
Essentially the same peaks occurred in the water table but the mean meio­
f-aunal density was much less. Presumably, in the absence of sewage, the only 
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source of org.anic input into Sindbad beach is from the coastal waters. 
Lak ki s (1971) has reported similar seasonal peaks for the zooplankton in 
Lebanese coastal waters. In the oase of the wave-wash zone at Khalde beach 
there w as no seasonali'ty. At the water table there was a slight iindicati:on of 
seasonality 1in that the mean meiofaunal density for the three sites was highest 
in August. Although species identifications for Khalde meiofauna were incom­
plete at the time of this study, subsequent preliminary analyses of the taxa 
at Khalde at the same level as for S~ndbad have revealed no definitive trends 
ox paitterns for Khalde as was found of S i:ndbad by H u 1 i n g s (1974). It is 
suggested, .therefore, that the continuous high organic input was masking 
seasonality a,t Khalde beach. 

This study demonstrates the effects of sewage on sand beach meiofauna. 
The effects inolude increased meiofaunal density and no obvious seasonal 
pattern. It is proposed that continual input of organic matter via sewage per­
m i:ts the meiofaunal community to maintain itself at a high, relatively constant 
density. 

The input of sewage into Khalde beach is not sufficient to alter commun­
ity structure although it has been proposed that at least one »opportunistic 
.species«, Protodrilus similis, is present. That sewage input has an effect in 
altering community structure of the rocky beach at Khalde is evident. 
Bas s on, H a r d y and Lak ki s (1975) conducted a study of the effect of 
pollution 0111. marine macroalgae along the Lebanese coast. Their results showed 
a marked reduction in algal biomass and a reductio.n in species diversity. They 
attributed thri.s to high levels of nutrients (NO3 and PO1i) at the Khalde sewer. 
By comparison, rocky beaches in unpolluted areas south of Khalde had high 
species diversity, up to 26 species. But, in the case of the sand beach meio·· 
fauna commurrity at Khalde, the same species are present as at Sindbad beach, 
an unpolluted beach. Thus there are no apparent differences in species diver­
sity between the two beaches. 

The question arises as to whether or not sewage input into a sand beach 
will alter community structure and/or species diversity. It must be kept in 
mind ,that the beach studied is in the extreme Eastern Mediterranean, a region 
of very low prodructivi:ty t·o begin with. In the case of Khalde beach, with an 
outfall located withri.n 70 m of the beach and a discharge of 700 L/sec, the 
effect on the ,sand beach community is not ,the same as oibserved on the rocky 
beach community at Khalde or reported by others on hard and soft bottom 
macrobenthic communities (reviewed by Pere s a,nd B e 11 an, 1970). This 
does not ,rule out the poss'ibility that the sewage input into Khalde beach is 
not sufficiently high to have a negative effed such as altering species diver·­
si:ty. On the other hand, the fact that a sand beach is a giant filtering system 
and that the meiofauna cornmunity is composed of a large number of mobile 
detritus feeding species, hars to be considered. 
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SUMMARY 

The density of the meiofauna at Khalde beach, a sewage-polluted beach, 
was from 1 to 2 orders of magnitude greater than that of Sindbad beach, an 
unpolluted be9.ch. This difference in density was attributed to organic input 
v'ia sewage. 

The frequent high denstty of Protodriliis similis Jouin, a detritus-feeding 
archiannelid, at Khalde beach indicated that it was an opportunist species in a 
sewage polluted beach. There were no significant differences in species diver­
sity between Khalde and S.indbad beaches. 

There was no seasonal pattem in total meiofaunal density in the wave­
wash zone at Khalde beach. There was an indication of seasonality at the 
water table but the paHern was not oonsistent. Sindbad beach exhibited spring 
and autumn peaks in meiofaunal density. The lack of seasonahty in the Khalde 
beach wave-wash z,one for the total meiofauna was attributed to continuous 
high organic input. The indistinct seasonality at the water ta1ble for the total 
mefofauna suggested reduced organic input. 

The high mefofaunal density in the wave-wash z.one and the low density 
at the water table of Khalde beach were attributed to differences in organic 
in,put and the heterogeneity of the environment at the water table. 
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KRATAK SADRŽAJ 

Gustoća me1ofaune na pješćanoj plaži Khalde, koja je pod utjecajem 
kanalizacijskih otpadnih voda, je za jedan do dva reda veličine veća nego na 
pješćanoj plaži Sindbad, koja nije zagađena. Smatra se da je ta razlika nastala 
zbog unošenja organske tvari putem kanalizacije. 

Č:esto nađena velika gustoća Protodrilus similis Jonin, potrošača detritusa, 
na obali Khalde ukazuje da je to vrsta prilagođena kanalizacijskom zagađe­
nju. Različitost vrsta na dvije istražene obale nije značajna. 

Materijal je sakupljen u dvije zone: u zoni oplakivanja valova (WWZ), 
u kojoj je površina pjeska 900/o vremena zasićena vodom, i u zoni udaljenijoj 
od mora, u kojoj je razina mora na 40 cm dubine (WT). 

Gustoća ukupne meiofaune u zoni WWZ na plaži Khalde nije pokazivala 
sezonske razlike, dok se u zoni WT one nejasno pokazuju. Na plaži Sindbad 
je nađen proljetni i jesenski maksimum gustoće meiofaune. Smatra se da 
trajan donos ,organske materije na obali Khalde uzrokuje otsutnost sezonskog 
kolebanja. Nejasno sezonsko kolebanje ukupne meiofaune u zoni WT ukazuje 
na smanjeni donos organske tvari. 

Velika ,gustoća meiofaune u zoni WWZ i mala gustoća u zoni WT plaže 
Khalde pripisana je razli.čitom donosu organske tvari i heterogenosti sredine 
u zoni WT_ 




