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ABETRACT: Litike is kiown of the ceologieal role of the only species of mangrove, Avicemala marias, in Cman, This
Mudy provides informaisn on the physical habis of three mangrove arcas (Qurm, Mahout and Shinash in relation 1o the
miin feapares of each area (i.e.. community strocture, soil and water analyses and hiota), The climate of the three
 mangrove sreas and b surroursding regions is bot and afid: all have very low rainfall (< WD many wr'), high ak
temperanare (mean 27°C yr'), relative humidity (37.8% ar Quem and 72% ar Mahout and Shinas), solar radiation { = 500
MWH cm ) and evaparation races ¢ > 3000 mm yr' ), Mangrove trees flowered during Janary-March, Trulls matared
turing April-May, scediings fell i June, seeds perminated in Julv-August and leaves were produced in Seprember.
Dfferences among sites inchuded areal extert {162 ha in Mahow, 74 ha in Qurm and %3 ha in Shines) end high variability
In mangrove structure within and between sates.  The most obvious differences between sites relatad 10 tree heighi,
diameinr, density and hasal ares.  The |ncrease m tree dignseter was assocised with iperease in iree lsight and basal srea,
Bt am imverse relationshap existed berween troe dismeter and density Significant differences in soil rexture and chemical
aralysis were found within aned between the theee mangrove sites, 5ol festuse was dominsied by samd; bowever, wilg
(highest at Quirm, 32%) and clay (highest at Mahout, 10,1%) were present i considerable smounts. Soils of Mahowt had
the highest cegamc matter (10.2% ), to1al nitrogen (0.2% )1, availahle phosphoras (56,2 ppmi) and sulphate (17,1 meg 100
]'} contents comparned (0 those from Crarm and Shiras. Waler emperaturs ranged 21 - 38C and salinity showed small
Nariations at Mabout (37-401)_) and Shinas {36-37%/_). but at Qurm, salinity showed remsarkable variation from fresh and
Brackish water {107/ ) 10 bypersaline water {2 10007 ), [ssolved axygen averaged 8,1 (4.8 - 12.7) mg I and pH was
T4{6.9-8.9). Mangrove communities included a faunal assemblage of many species of hirds { > 200 species), fish (54
Bpecies), crustacenns (31 species) amd mollusks (51 speciesh, Some groups exhibised clear sonation pattern (e, crabs aed
wysters), olhers were just visitors (fish and birdsy, but te majoriy were residemt in the MR oV es,
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) angrove communities in Arabia, one of the most environmental conditions in conjunction with limited
id regions of the world, have low species range of suitable habitats and niches (Sheppard er. a/.
which is attributed to the severe climatic and 1992}, Options for utilization of mangroves in the arsd
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environments are more restricted than those from wel
humid tropics, partly because environmental constraints
on growth tend to limit the range of suitable sitcs and
partly because growth may be too slow to provide
sustainable usable products (Clough 1993). However,
in Oman, pre-historic fishermen exploited the mangrove
resources al Qurm more than 7000 years ago (Blagi «/.
al. 1984) and the small island Mahout, fringed with
luxuriant development of mangroves, still provides
sustainable fisheries, mostly shrimps (Fouda and Al-
Muharrami 1995).

There is only one species of mangrove, Avicenmia
maring, in Oman and very lile is known on s
ecological role in this area, The Qurum Mature
Reserve (QNR) at Muscat is ong of the most popular
recreational areas in Oman and offers excellent
opportunitics for fisheries, education, research and
nature interpretation, making its conservation cven
more important, However, its natural resources are nal
well known, as is the case with other mangroves in
Oman. Therefore, the ohjectives of this study were to
compare the mangroves of QNR with other mangrove
areas in Oman and to identify important features of
QNR. This has been achieved by collecting
meteorological data on three mangrove sites (Qurum,
Mahout and Shinas) and by studying mangrove
structure (arcal extent, phenoclogical events, tree size,
density and basal arca), soil and water analyses and
faunal assemblages

Materials and Methods

Data on climate {(air temperature "C), relative
humidity (%), solar radiation (MWHem ?), evaporation
(mm yr') and precipitation (mun y1 ) during the last 10
years were obtained from the Department of
Meteoralogy, Ministry of Communication. Data were
collected from localities close 1o the mangroves at Mina
Qaboos (few km from Qurm), Masirah where Mahout
lsland is located in the Gulf of Masirah, and Majlis,
Sohar {40 km from Shinas). and annual and monthly
means were calculated

Maps of the three mangrove arcas at a scale of
1: 20000, obtained from the National Survey Authority,
were used to calculate surface areas, together with
acrial photographs taken in 1982 and 1993 Field
surveys around the periphery of each mangrove site
were made to confirm and modify (when necessary) the
current areal extent of each area, Search was made on
new growth of mangroves and then ploted on the map
of each area, Regulur visits were made to Qurm where
phenclogical information were collected on the time of:
{a) flowering, (b) fruit production, (€} seedling fall, (d)
seed germination and (e) leaf production.

The structure of the mangrove forests (tree height

A%

and diameter at breast height (dbh), density and basal
area) was studied by the Point-Centre Quarter Method
of Cottam and Curtis (1956) and Cintron and Novelli
(1984). Eight ransect lines were established along the
mangroves of Qurm, three in Mahout and one in Shimas
(Figure 1). These transecls were selected in sites 10
allow easy and safe crossing along the mangal from the
upper to the lower level of the shore.  These siles were
usually a1 places where mangrove creeks could be
iraced from the shore in Mahout, but in Shinas and
Qurm transects were across the mangrove crecks which
were separated from the sea by a sand bar.

A total of §6 soil samples were obtained from
Qurm {31 samples representing transects 1.3,5.6,8),
Mahout (11 samples representing transects | and 3) and
Shinas (14 samples representing one transect), Figure
1. Soil analyses included sonl texture (% of samd, stlt
and ¢lay) and chemical analyses: {electrical conductivity
{E.C.}, % organic mamer. % total nitrogen, available
phosphorus (ppm) and sulphate (meg. 10X} g soil)
Methods of soil analyses followed those of Butler er. al.
1987,

Water analysis, carried out in the field using a
Hydrolab Environmental Data System, Model SWR2-
1, measured water temperature ("C), dissolved
oxygen (mg, 1), pH and salinity (*/..).

hE LT EH"_"-II"'EE I‘ "
| ) j, -:._-L--"""-'--I":i':-:-:'j'.'_-:
i 1 s -Ia...
HTN ISR i'#'ia&hl:;::}
| .“|_ I'L.-‘.FE .'.':. -

=
lr

QURM NATURE RESERVE

........

Figure 1. Map of the Sullanate of Oman (A] and he thiee sites
studied:; (B) Shings, (09 Qurm and (1) Mahoul
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FABLE |
 Rwamery of meteerelopical data of the last 1D vears (19531993}, frowr the Deparimens of Metearology, Miniury of Comarumication

AREAS
PARAMETER
LT 1T MIAHGLT AHINAS
lill iEesm'yr i Mean (range) il A 1.7 - 161} LR i - 2THY 1,0 (8,0 - 2l
Maximram (Fange) 5240 17.0- 12 W20 (ML 18T
AdE Temperaiurs (1) Meas | range) .7 (168 20.4) 1 R0 - 200 264 (260 - 27,05
Minmmam (rangz) He (1:7-73.7) 158 (12,4 - [R.4} T.h {5.7 - 10.8)
Mazimum {range| M.2 (509 - EF ) MG (28,6 - 31,0} A B [, . %100}
Humidity (%) Mean (runge) n.7? (34 - 6l] TL] (630 - 7700 77 (A - T N
Minimum frange; fi.il i#-T Il.7 (0,00« |0 Uil (il - [EAK
[ PR T (RN (EE RN (EEIRR]
H.lr Rudimiion Sloan (mango) bLL] (497 - BRd) 474 (A% « §14)
' Mirrram (range) 113 49 - [63) 1 iK1 - THA)
Maximum {range) TEE (733 - R34} il 1R0IL - TRS)
WY | EAL T Sdaan (rangs 1976 {300 - 42700 FEET (ET16 - )
Minimum {range) fild (11 - 1) filld {71 « | 2ET}
Mlaninsism | ranga) 11305 (IOATE - B T (PR2T - QRS

Fishes and shrimps were collected by a small
Beine net, a cast net and gill nets of different mesh sizes
5 and 7.5 cm), in mangrove creeks and the
nding shallow water. They were preserved
mmediately in 4% formaldehyde,  Inveriehrates,
batly crabs and mollusks were collected at low tide by
ind froem different places of the upper and lower level
2 shore and within the mangrove swamp. Faunal
ation in different habitats of the mangroves was
lnl:l the dominant species were recorded. In the
o samples were sorted and identified o
I-w:t (when possible) following the available
ure (Crosnier 1965, Bosch 1982, Smythe 1983,

l'!ilﬂﬁ- Fouda and Hermosa 1993). The size of the
species was measured and size frequency
ons plotted.

ﬂuun:m-:s om large wildlife were noted. Turtles
e identificd following Salm and Salm (1991), birds
Gallagher and Woodcock (1980) and
als following Harrison (1977). Lists of birds
ded during the last 20 years in Qurm, Mahout and
5 were obtained from Oman Bird Record. They
lul]'ud in terms of number of species and the
of birds in each area. The bird fauna of each
area was then compared with the other two
ind out the comumon species in more than one site

- Daa on mangrove structure and soil were
__'u ted  using  various  statistical  procedures
Correlation, 1-test and analysis of variance) (SAS
a, Ot 19493),

| L

Resulis

"= TE: The climate of the three mangrove areas and
¥ mirrounding regions was hot and arid. All had low
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rainfall, high air temperatures, low relative humidity,
high selar radiation and high evaporation rates (Table
1). The mean annual rainfall was 54 mm yr' ar
Mahout, 68 mm yr' at Qurm and 103 mm yr =
Shinas. However, values varied considerably, from a
minimum of 0.7 mm {1985) at Qurm to a maximum of
279 mm (1983) at Shinas. Rainfall was mostly
concentrated during February in all the three areas and
extended tll May, No consistently very humid months
existed but there was considerable variation from one
year to another and among areas. The annual mean
relative humidity was 73% at Mahout , 58% at Qurm
pnd T3% at Shinas,

Air lemperatures were high throughout the year
with annual means of 26.3 - 27.1°C in the three areas
studied. However, there were increases in the annual
maximal mean temperatures from south to north being
29.9°C wt Mahout, 34.2°C ut Qurm and 46 B°C al
Shinas. Monathly mean air temperatures exhibited the
sime pattern in the three areas. At Qurm, there were
gradual increases from February (20°C) till June
(35°C), followed by decreases till (21°C) December.

Global solar radiation varied from 479 (163-672)
MWH cm* at Mahout to 555 (117-786) MWH cm* at
Qurm, and evaporation rate from 2336 (1716-3066)
mm/yr at Shinas o 3796 (3068 - 4270) mm/yr  at
Qurm. Monthly global solar radiation means and
evaporation followed the same pattern observed far air
lemperature

As tor evaporation, according 1o UNESCO's
(1979 classification of the World Distribution of Arid
Climate and the degree of aridity, based on rainfall,
Qurm was the most arid area with a ratio of 10,0179,
fellowed by Shinas (1:0.04409) and then Mahow
(1:00.054),
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Mangrove Struciure

VEGETATION COVER: The estimated total mangrove
area of the three sites was 298 ha; Qurm contributed 74
ha, Mahout 162 ha and Shinas only 53 ha,
Considerable growth for Qurm  was  shown by
comparing recent aerial photographs with those taken in
1982,  NMNewly developed mangrove trees were
concentrated at the eastern and western sides of the
mangrove channels in Qurm (Figure 1C)  Newly
developed mangrove trees at Mahout were concentrated
al the northern site of the island (Figure 1D), whereas
al Shinas they were on the extensive shallow areas close
to the entrance of the mangrove channel (Figure 18).

Dead mangrove trees at Qurm occurred at the
south-gastern site where swamp areas of hypersaline
waters existed. In addition, considerable numbers of
recently dead large mangrove trees were observed
along the western mangrove channel as well as in areas
where dense vegetation existed.

Phenology and Life History of
Mangroves

Mangrove trees flowered during January-March,
fruits matured during April-May, seedlings fell in June,
seeds germinated in July-August and the new foliage
were produced in September, By December small
mangrove stems became abundant, usually close to the
waters edge, with an average of 5.6 stems m~°. They
varied in height from 12 to 55 cm with an average of
31.6 cm and an average of 5.6 (4-8) leaf/stem. Older
stems produced in the previous year were identified by
their branches (usually 33, height (an average of 74.8
cmi) and number of leaves (an average of 26 leat/siem).

Structure of Adult Mangrove Trees

The average tree hebght, density and mean basal
area were higher in Shinas than in Quem and Mahout
{Table 2). On the other hand, the average tree diameter
at breast height (dbh) was quite similar in the three sites
studied.  Differences in tree height were statistically
significant between Qurm and Shinas, but not between
Qurm and Mahout nor between Shinas and Mahout.
O the other hand, densities and mean basal area were
similar between Qurm and Mahout, but significantly
different from Shinas,

In Mahout there were progressive increases in tree
height, diameter (dbh) and basal area from the upper Lo
the lower elevation of the shore (Fouda and Al-
Muharrami 1995y, In Shinas, there were INcreases in
tree size (height and diameter) from the upper level of
the shore 1o a distance of 70-100 m. Another increase
in tree size occurred at 170-180 m.  The location of the

large trees at 100 and 180 m corresponded 1o the
presence of mangrove creeks, On the other hand,
inverse data were obtained for density where higher
densities were found close to the shore and at 160=-1T70
m, when large trees were fewer, Lower densities were
obtiined at 50-100 m and 130-150 m when tree size
was high.

In Querm, data on tree size, density and basal arca
along the & rransects did not exhibit specific patierns.
However, when data were analyzed by analysis of
vartance, it was found that the differences in the
average (ree height, dbh, density and basal arca were
significant {P< 0.01), (Table 3}

For Mahout, correlation analysis has shown that
the increase in tree diameter was associated with
increases in tree height. with a high correlation value of
096 (highly significant, P < 0.01) On thie odlwer
hand, an inverse relationship existed between (ree
height and density (r = -0.708) and between dbh and
density {r = -0.73%). In Shinas, a positive correlation
existed only between tree height and dbh (r = 0.664),
whereas in Qurm no correlation was obtained hetween
tree size and density,

sl Amalysis

Soil texture was dominated by sand {Table 4) and
the highest percemtage of silt was from CQurm
soil{32.3% ), followed by Mahout (20% and then Shinas
(12.6%)  Clay coments were similar in Mahoul
(10.1%) and Shinas (9.2) but low in Qurm (6.4 %)
Clay was statistically significant in all three sites bul
sand and silt were similar in Qurm and Mahout, and
Mahout and Shinas and different between Qurm and
Shinas.

Soils of Mahout have higher orgamc matter
(10.2%) total nitrogen (0.2%), available phosphorus
(56.2 ppm) and sulphate (17.1 meg 100, g ") than those
from Qurm and Shinas (Table 4). Organic mamer was
significantly different between the three sites whereas
sulphate, nitrogen, phosphorus and E.C. were the same
at Qurm and Shinas, but different from Mahout

Within each area, there were considerable
variations in soil analysis. Soil from the southern side
of Mahout Island {transect 3) had more sand (0% ) than
the northern side (transect 1) (61.5% ), whereas silt and
clay were higher in the northern side (26.8% and
11.7%) than in the southern side (11.8% and B. 3%},
The differences were highly significant for sand (P<
(1L01); significant for silt (P < 0.05) and not significant
for clay. The differences in organic matter were highly
significant;  significam for sulphate but  not for
phosphorus, total nitrogen and E.C. (Table 5). In
Qurm, although there were considerable variations in
soil texture and chemical analyses among the 8
transects, the differences were not  statistically
significant
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Mangreve siruciure af (horm, Makosr ava Shimas.

TABLE I

Hle gl (m) Dibh (cm) Density (stemsl. 1 ha Mean Husal Area (o', ) had Mo ol
Mean + 3E [Hange) Mean + SE (Range} Mewn + SE (Ranpe) Mean + SE (Hapge) Sarmplex
3.9 4 DA (2.0 - 5.3} 30 £ 0.3 (5,9- 2% 424 £ 130152 - 13986 0.7 + 043 fEe -2, % P
4.1 £0.30(1.8 - 8.00 158 = LUg30- 3000 416 + 4.2(14.7- 1255 0.7 + (08 (0,06 - 1 8 ]
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I8 & 0202044 bad & 004 260 il o+ 43147 -%.1) 10 4 0 050 - 30 2
i 4 O S fil*
gnaficant (< (.05).
wire amalyeed using SAS GLM procedure and mean of separanon was done wsing Tukes's s,
TARLE 4
Soil amalyels af Qwrm, Wakeur aad Shinas mangroves
Sand (R St (%D Clay (%) Eul[mluu Miiropen Digani Fatier E.C.
ey B0 g ) 1% L i H] (% Il il
f1.5 4 10 N34 16 fid 4 0& 1,7 #0, 00 4 41,01 70 & 0,7 53 & 04 140 & 4,3
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TARLE
Comparisons of sall analpris between frowseces [ amd 3 o Makewr leland

Parariwitirs Tranzect 1 Transect § T-test
Fand (%} Hivi ] 1, p5m
(%) I1.RD 6,8 L P
Clay (%) A.50 ELHb 1.3%
S0 meg g 3.3 50 Mp 1.3
Phecspbiorus (ppam| T ik A Ly 1.5%
Mimogon (%) (LN} Q.19 i
Oegasa: mdler (%) LNT! b, 4T 476
E.C. iMmbos'cm) 11.68 18,001 1 Rl

* Bipnilant (P < (035, ** highly significant (8 < 041,

Water Analysis

Dissolved oxygen varied from 4.8 o 12,7 with an
average of 8.1 mg.l', pH from 6.9 - 8.9 with an
average of 7.8 a1 all three sites. Waler temperatures
ranged 22-38°C, and salinity showed small variation at
Mahout and Shinas, whereas at Qurm it varied greatly
from almost fresh and brackish water to hypersaline
wiber

In Mahout, water temperature was lowest in
January (22°C), increased in the following months ill
June (29°C), remained at 27-28°C till October, then fell
gradually during November-December.  Water salimty
was usually lowest in February (36%w), increased
gradually in the following months il June (40¢/=), then
fell gradually until it reached the lowest level in
February. In Shinas, salinity fluctuation was guite
small, varying from 367 to 38%.. On the ather hand,
salinity at Qurm showed remarkable variation from
almost  freshwater to hypersaline waters. At the
western channel (Fig. 1.¢.) salinity varied from 36,79
to 38,8« at the entrance, then increased slightly 1o
40P/ at the middle and 1o 41%. at the end of the
shallow mangrove channel, The eastern side of the
mangrove channel exhibited different patierns where
water salinity was typical of sea water at the entrance,
decreased to 30°/ . at the middle, and less than 207w at
the end of it, due to the discharge of sewage from
residential houses into the mangrove channel and the
mixing with groundwater ol low salinity.

There were three small pools at the periphery of
Qurm mangroves which were not connected directly
with the mangrove channels, On February 1993, they
exhibited wide variaton in salinity from 0%/ 10 2% at

46

the extreme pool, probably connected with underground
water. Other pools were located at the centre and
salinity varied from 36 to more than 1007/« These
pools were very shallow and probably received sea
water irregularly during spring tide for a short period
and were then isolated for a long time, leading @
hypersaling conditions. The third pool system was 2
very small area surrounded by a cluster of mangrove
stancls, and received water from the mangrove channel
at high tide, which when mixed with underground
water, lead o a salinity of 29-30%.,  In December
1993, salinity of this pool system had increased
remarkably to 18« at the rear end pool (0 - 2% n
February), and to 560%/s at the third pool (28-30¢/x in
February). The increase in water salinity was probably
due to the change in water table, affected by the
establishmemt of a large anilicial lake where walter
evaporation and water seepage to the surrounding ared
were high

Faunal Survey

AQUATIC FAUNA: Mangrove communities of the three
sites included a faunal assemblage of many species
{Table 6), mosily fish (54 species), crustaceans (3
species), mollusks (51 species) as well as smaller
number of sponges, echinoderms, coelenterates and
ascidians, Some groups exhibited clear zonation in
distribution (crabs and oysters), others were just visilors
(fishy, but the majority were resident in the mangroves.
In addition, some fish were found only in one area (e.g.
mudskipper in  Mahout) whereas olliers  were
everywhere, but exhibited significant differences in
abundance.

The fiddler crabs, U'va vocans, U, facrea and 17
resragononon were restricied o the mangrove swamp
while mud crab Scylla serrata and swimming crabs
Portunus pelagicus, Callinectes sapidens and Thalamins
spr. were usually seen in the mangrove channels, On
the other hand, the ghost crabs Ocyvpode saratan
occurred on the supratidal sandy shore, whereas the
black crabs, Grapsus femdcrusians were usually found
in or close to the waters edge of the mangrove channels
and between the mangrove trees.  Still others such as
the red-spotted crab Manata lunaris lived in or near the
tidal channel, usually on sandy bottom areas

Mollusks were the most diverse invertebrates and
more than 80 species have been recorded from Curm
(Smythe, 1983). However only 51 species were
collected during the present survey.  Their distribution
varied greatly, depending on substrata, tidal channels
angd pools at the eastern mangrove channel of Qurm.
The rock oyster Saccostrea cucullata and the giant snail
Terebralia palusiris were most abundant at Qurm b
rare in Mahout and Shinas. Oysters were usually found
attached to solid objects (often the aerial root of the



rove) or (o each other. They were edible and
wied in size from 1 cm to B cm, with an average of 5
. and in density from 51 cm to 104 cm, with an
erage of 78 individuals. m?. On the other hand,
rebralic palusins lived among the mangroves in large
mbers in the thick mud of the upper creek. They
e not edible, however their operculae were used for
i in Oman. Their densities '-':rin-.l from 24 1o 47
b & average of 34 individuals. m?, and in size from
o 10 em with an average of £.5 cm.

Both Qurm and Mahowt accommeodated siomilar
m of fish species, 38 and 39, respectively.
Wever, species were not similar in most cases.  For
goatfish, soles, moonies, blennies and
pitfish were collected only from Qurm, whereas
fish, sting ray, bluefish, whiting, slipmouth and
fers were collected from Mahout, However, both
areas provide nursery and feeding grounds
nile fish (e @, mullety and shnmps of ecomnomic
. The tooth camp, Aphamine dispar were
nujwhr:re in the mangrove channels, sall pools
| even fresh and brackish water pools at the
hery of Qurm mangroves. These fishes, together
i gobies, tigerfish and silverbiddy were typical
genis of mangroves. Closely associated fish
laded snapper, shad, carangids and seabreams,

'a.

Large Wildlife

“The highest number of bird species was found in
m (194), followed by Shinas (92) and then Mahout
. However the high species richness found at Qurm
pbably due to more ohservation effort put into this
a by arithologists.  On the other hand, the highest
mdance of hirds was from Mahout (157,542 birds),
wed by Qurm  (30,362) and then Shinas (7, 859).
i Dirds were restricted to one area (e.g. Avocet and
at Knot at Mahout) whereas others were more
dant in one area than the other two, Dunlin, Bar-
i Godwit, Socotra Cormorant, Greater Flamings,
Stint, Turnstone and Slender-hilled Gull were
-Ihlﬂant in Mahout than in Qurm and Shinas.
i Plover, Black-headed Gull and White-cheeked
'_: gre more abundant in Qurm than in Mahout and
Herring Gull was more abundamt in Shinas
in Qurm and Mahout.
Al Mahout, green turtles were the most abundant
furtles), followed by loggerhead (12) and hawkshill
s and leatherback turtles were not observed
fing the present stedy . Turtles were not ohserved at
W, but older fishermen stated that they used to
g io the sandy shore and because of the recent
eational activities along the shore, they no longer

(g
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FOUDA AND AL-MUHARRAMI

Although terrestrial mammals were rare, four
species were recorded: two at Qurm (Arablan red fox,
Vulpes arabica and the gerbil, Gerbilus namis) and two
at Mahout (the bushy-tailed gird, Sekeerdamys calarus,
and the sand fox, Vilpes ruppelli.

Discussion

The best developed mangroves occur along wel
humid equatorial coastlines in Southeast Asia where
they form extensive tidal forests of up 1o 45 species
with trees of more than 1 m diameter and up to 45 m in
height (Clough 1993). They provide living space for
diverse faunal and foral assemblages of several
thousand species, and suppori commercial and
recreatbonal fisheries. Arid mangrove systems have a
much lower diversity, However, this does not mean
that they are less important. The sole mangrove species
in Oman, Avicenmia maring, sustains an important
shrimp fishery in Mahout Island. It also accommodates
more than 50 fish species, some of commercial
importance, and about 100 species of invertebrates,
mostly crabs and mollusks. [n addition, it provides
feeding, roosting and nesting areas for a huge and
diverse bird fauna as well as other wildlife. Thus, the
significance of Oman mangroves, at least at national
level, is recognized.

Data on the phenology of Avicennia are limited
and available repoms suggest major differences n
different areas. Duke (199%0) assessed 25 sites in
Australia, Papua New Guinea and New Zealand. and
found phenological trends with latiude in A. mrarind,
where flowering shifts from November-December in
northern tropical sites 10 May-June in southern
temperate sites, Perlods between flowering and
fruiting increase from 2 to 3 months in tropical sies o
10 months in southernmost temperate sites.  In COman,
Qurm mangrove trees flower during January-March and
fruits mature during April-May. By contrast, the
mangrove A. maring in Qatar flowers during April-July
and fruits mature in mid August {Abdel-Razik 1991).
The difference in latitude between Muscat (23,5 "N)
and Oatar (25 *N) is small. However, environmental
differences are great, Further study on the phenology
of the Arabian mangrove A. marina is needed.

At Mahout, there were progressive increasss in
tree height, diameter (dbh) and basal area from the
upper 1o lower elevation of the shore (Fouda and Al-
Muharrami, 1995). Such patterns were not ohserved at
Qurm and Shinas. This is probably due 1o the fact that
mangroves at Mahout face directly 1o the sea, whereas
those at Qurm and Shinas are separated from the sea by
sand bars. 1n addition, the intertbdal area at Mahout has
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a slow gentle slope, whereas the soils at Qurm and
Shinas are characterized by irregular elevations which
arc inerrupted by mangrove crecks. Thus, the
differences in structural development of mangroves are
site specific.  However, correlation analyses for
Mahout mangroves have shown that tree diameter
increases with tree height and basal area, whereas
density decreases with tree size.

It is known that mangroves grow on a wide
variety of soil types, ranging from coarse and mineral
sand through alluvial silts and heavy clay (Clough
1963).  In the present study significant differences
were observed in soil texture and c¢hemical analyses
within and between the three mangrove areas studied,
Mahout soil contained more organic matter, totad
nitrogen, available phosphorus and sulphate than those
from Qurm and Shinas. Consequently, mangroves of
Mahout are more developed than those of Qurm and
Shinas. The highest amount of silt was in Qurm soil
which is believed 1o be of terrestrial origin,  The
periodic flooding at Qurm brings more silt which s
trapped by the sand bar, and hence accumulates in the
mangrove soil,

Results of water analysis of mangrove creeks
(urm have shown that the most important variable was
water salinity at the eastern mangrove channel, which
ranged from the sea water at the inlet entrance to less
than 107/, at the extreme end of the mangrove channel, -
due to the seepage of groundwater of low salinity
Because of the continued recreational development at
the south-eastern site of Qurm and the digging of a
large artificial lake, it is likely that the groundwater
table will drop in future, a view based partly on the fact
that salinity has already increased from 4,7 o B,
during 1994, The underground water level changes
with tide, suggesting that the lower level is connected
to sea water. A monitoring programme is needed o
understand the implications of changes in groundwater
table and the consequences of increased salinity on
mangrove growih.

The knowledge about faunal assemblage
associated with Oman's mangroves is far from complete
and needs intensive collection at different times and
places. However, the present faunal diversity is higher
than reported from some other Arabian regions (Price
et. al. 1977, Por et, al. 1977, Jones 1984, Por 1984},
For example less than 30 fish species and about 15 crab
species are known from the mangroves of the Red Sea
On the other hand, the present faunal assemblage
associated with Oman's mangrove is not expected o
match those from wet humid tropical mangroves where
more than 100 fish species and several hundred species
of invertebrates have been reported (Robertson and
Blaber 1992)
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