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INTRODUCTION MATERIALS & METHODS

The basin-wide phytoplankton survey covering the Arabian
Gulf and the Sea of Oman was performed aboard the M/V
remarkable West Asian mediterranean-type “Ghods” between 3 February and 9 March 2006 at 104

sampling stations. For quantitative analyses, one-liter water

marginal sea of the Indian Ocean, located 1n a e
region of the Middle East with subtropical 3 0 - R N samples were collected by a Niskin bottle from the surface,
it @ e A . s middle, and bottom layers.
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The Arabian Gulf, also known as the Persian
Gulf or the Inner ROPME Sea Area 1s a

hyper-arid climate. | | Zﬁg 2
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The Gulf hiohl ducti - - cludi To quantify the phytoplankton taxa, a 25 ml sub-sample of
© ull ~supports highly — productive marine €cosystems including Map of the Arabian Gulf and the Sea of Oman Lugol-preserved water sample was settled 1n Utermohl

BEmEEL el tmportant Species off slh, ErBsiaeans aus. ceplhiel GpoLs Qver and station locations during ROPME winter sedimentation chamber (Utermohl, 1958) and examined with a
the past decades, marine environment of the Gulf has been changed rapidly cruise, February-March 2006 Leica DMIL inverted microscope at 200X or 400X

under variety of anthropogenic and natural stresses, including salinity and
temperature rise and nutrients loads increase. Invasive alien species and
increased occurrence of algal blooms also could play an important role in
ecosystems degradation in the Gulf.

magnification.

Chlorophyll measurements were processed accordingly on the
US EPA standard method 445.0 for aquatic fluorescence
measurements (Arar & Collins, 1997) using acetone extraction
and measuring of the fluorescence with Turner Designs TD-700
fluorometer. Preliminary calibration using Sigma Aldrich
chlorophyll standard was applied.

In total, 574 filters individually packed 1n foil were analyzed.

The Regional Organization for the Protection of Marine Environment (ROPME) organized multi-disciplinary !
research cruise involving regional scientists and covering the Arabian Gulf and much of the Sea of Oman to
obtain a unique basin-wide dataset on the oceanographic and biological variables. We explore the diversity,
abundance and spatial distribution of the winter phytoplankton together with chlorophyll distribution in

relation to local oceanographic processes across the Arabian Gulf and the Sea of Oman based on the data of
the ROPME cruise in February and March 2006.
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PHYTOPLANKTON: abundance & composition spatial distribution

During winter 2006, total phytoplankton abundance varied widely from 162 up to 1.86 x 10° cells-1-! (1.87 +

2.76 x 10° cells-I'! on average) across the Arabian Gulf and the Sea of Oman. The lowest concentrations of The mean concentration of chlorophyll-a for the
phytoplankton (< 103 cells-1-'') were associated with deep waters in the Sea of Oman. Rather low phytoplankton water column was 2.09 = 1.92 ug-l'l. The mean
abundance was recorded in the Arabian Gulf along the Arabian coast. Phytoplankton blooms (1.75-1.86 x 10° surface laboratory-measured chlorophyll value (2.54 % # T,
cells-1'") coincided with the Strait of Hormuz and the adjacent waters of the Sea of Oman and the Arabian ug'l'l) was in good agreement with satellite data \ i A | ;
Gulf and were associated with Iranian shore. Phytoplankton abundances, which exceeded 10° cells-1'!, were obtained for February-March 2006, which has an pod
observed 1n the surface waters at the central part of the Arabian Gulf off Qatar. average of 2.64 ug-l'1 for the entire studied area.
The chlorophyll concentration, determined by in
B = “TA E % 75 pistoms The  hierarchical  cluster situ fluorometer, was significantly lower than
o S . g | Dnoteselaes analysis on inter-sample Kul- laboratory measured chlorophyll.
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. Mean surface chlorophyll concentration (mg-m= = pug-I!) in the
‘ ROPME Sea Area and adjacent waters during March 2006. Data
are derived from the Sea-viewing Wide Field-of-view Sensor
> (SeaWiFS) wusing the standard OC3 chlorophyll algorithm
(O’Retlly et al., 2000).
(http://earthobservatory.nasa.gov/Observatory/Datasets/chlor.
o seawifs.html).
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Three distinct phytoplankton assemblages were identified
and assigned to different environmental conditions in the
northwestern (Cluster 1) and southeastern (Cluster 2)
Arabian Gulf and the Sea of Oman (Cluster 3) and
associated with three water masses with unique
characteristics (e.g., Reynolds, 1993).
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(1) The cold, dense, hypersaline, and nutrient poor Arabian
Gulf Water mass formed in the northern Gulf and
propagating southward along the Arabian coast toward
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R ———— S the Strait of Hormuz was inhabited by low abundant, 3 a
flagellate-dominated phytoplankton. 1 | 5
(A) Dendrogram of the hierarchical complete-linkage clu- & PAytop 26N 5 /& '
stering of stations. (B) Map of sampling stations, marked . . . *] y =0.8 + 1.4x
by different symbols referring to the principal clusters; (C) (2) The cool and saltier modified Indian Ocean Surface o LAP co . . . . i as mo e o
. . . . . . . . . . < 0 2 4 6 8 10 12
Spat}al distribution of the bottom. se.thnlt.y values across th.e Water entering the Arabian Gulf on its eastern side from | Chiorophyll - CTD, ugi Salinity, ppm
studied area. (D) Temperature-salinity diagram for the enti- the Sea of Oman through the Strait of Hormuz and = ~ '
re studied area; symbol as in (B). (E) Contribution of the ) . TR R T R R T R R R 0
main phytoplankton groups to the total abundance spreading through the Gulf along the Iranian coast 1 distributi £ surf hloronhvll [ q Results indicate the occurrence of high spatial
explaining the difference among phytoplankton assembla- possessed abundant diatom-dominated phytoplankton Spatla 1stribution Of sur aC.e chlorophyll (ug-1”), measure JRTE: ST . .
ges derived from cluster analysis; symbols as in (B). and  characterized by Pseudo-nitzschia s and in laboratory and in situ during February-March 2006. Note variability in the studied regions of the Gulf and
(A-D - after Polikarpov et al., 2016; modified) Lol Y PPp- that the variability is apparently lower for in situ measu- the Sea of Oman. Relatively few zones had
Skeletonema sp. rements, suggesting that the profiling fluorometer could pronounced low chlorophyll values (<1 ugl'l),
. . . ‘ underestimate chlorophyll values significantly. while high concentrations (>4 ug'l'l) were
1811 . c
Liesnl SR Wat§r GRITLG 1S LOE 15 O,f Bl O - Surface | Middle | Bottom Total the Iranian coast, in the southeastern part of the
the northern Arabian Sea was characterized by most Average = STD 2.54+2.16 [ 2.05+1.79 | 1.68+1.68 | 2.09+1.92 Gl Syt 6 larernme. k) S ihe Seam of O
. . e o ) ) *
abundant and strongly diatom-dominated phytoplankton Minimum value 0.09 0.15 0.07 0.07 . o
assemblage  with  high  contribution of  the ;’Ia’“:‘“mf"a;“e - 91'81: ?537 1?(‘)38 lgi(iS Zones of high salinity (more than 40) correspond
: umper ot observations to low chlorophyll values, that i1s also confirmed
Cha§toceraceae anq lower proportion of small flagellates i Phacophytin, pg-1"_(laboratory measurements) b phy )
relative to the Arabian Gulf phytoplankton. atiste Sutface | Middle | Bottom Total y remote sensing.
Average + STD 0.44+0.75 [ 0.29+0.38 | 0.29+0.47 | 0.34+0.56 Data obtained from MODIS sensors and
) : S Minimum value 0.00 0.00 0.00 0.00 : , :
. The revealed phytoplapkton assemblages differed S1gn1- Y PTR—— 30 515 X 30 processed using OC3 algorithm were in good
ficantly from each other in terms of abundance, taxonomical Number of observations 104 103 104 311 agreement with laboratory-measured chlorophyll.
; distinctness and composition. Phytoplankton spatial Statistic Chlorophyll g, pg-1! (CTD i situ measurements) Differences where based on different spatial scale
g distribution resembled the water circulation pattern across Surface | Middle | Bottom Total (MODIS sensor is registered 9x9 km spots as one
: Average + STD 1.07+1.25 | 0.97+1.04 | 0.75+0.83 | 0.93=1.06 : .. : : :
General pattern of water circulation in the Arabian Gulf the Sea of Oman and the Arabian Gulf and followed a S ——— T i T G point, basin-wide, while samples during cruise
(after Reynolds, 1993, modified; source: Al-Yamani etal.,  Salinity gradient produced by the interaction of different Maximum value 6.50 7.00 5.77 7.00 were taken usually within about ten kilometers
2004). water masses. Number of observations 104 104 104 312 intervals) and time scale.

CONCLUSION

1. The occurrence of high variability in horizontal and vertical distribution of chlorophyll

Diatoms Dinoflagellates Cryptophycean flagellates concentrations was revealed across the Arabian Gulf and the Sea of Oman during February
and March 2006. The highest mean concentrations for chlorophyll were recorded at the Sea
of Oman, Strait of Hormuz, in the middle of the Arabian Gulf, and off Shatt Al-Arab (Tigris
and Euphrates) and Karun river deltas.

2. The chlorophyll concentration, determined by in situ fluorometer, was significantly lower than
laboratory measured chlorophyll.

3. The main outcome of this study was the first data set of acid-corrected in vitro chlorophyll
concentrations and phytoplankton abundance and taxonomic diversity obtained
simultaneously from the entire region of the Arabian Gulf and the Sea of Oman, which can
be used as a baseline for validation of remote sensing measurements.
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