Seasonal and Spatial Abundance and Assemblages of Ichthyoplankton, Kuwait Waters 2003~2005
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Seasonal and Spatial Comparison

The station with most abundant collection was station OK6 with 15,764 larvae, followed by station 00A, 005, 006, 001, 004, 017, and least at 22A with 9,100, 6,128, 5,763, 5,085, 3,061, 2,581, and

Introduction

This study on the ichthyoplankton typically found in Kuwaiti waters was prepared based on samples from 15 survey cruises carried out between July 2002 and June 2005 at 24 locations off the
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Kuwait coast. The surveys were carried out under a PAAC (Public Authority for the Assessment of Compensation for Damages Resulting from Iragi Aggression) Marine and Coastal sampling 1,109 larvae, respectively.
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program, implemented by CIC (Consortium of International Consultants), and under the technical supervision of KISR (Kuwait Institute for Scientific Research). M AY 2 O O 4 M AY 2 O O 4 FEB 20 O 5 FEB 20 O 5 Overall, larvae were abundant during the summer months, between April to October, and declined during winter months, between November and February, at all stations except station 017 (figure
During the Iragi occupation in 1991, the territorial waters of Kuwait were directly affected by the largest oil spill in history. During the period of the spill, approximately 1.7 million tons of oil was 300 300 300 300 2). At station 017, larvae were most abundant on the December 2004 cruise, with 749 fish accounting for 29.02% of larvae caught at that station.
released into Kuwaiti coastal waters (Massoud et al., 1998). In addition, during the Iraqi withdrawal, 727 land-based oil wells were destroyed by the retreating forces. The firing of the wells led to the Only 15 families were identified from the winter months. The dominant families in the winter were Soleidae (37.89%), Mugilidae (27.61%), and Terapontidae (13.85%). These three families accounted
emission of soot and oil mist containing various toxic substances. The burning wells are estimated to have combusted more than 500,000 million barrels of crude oil over a period of 258 days 600 600 I 600 600 for 73.36% of all fish larvae collected. The summer months were dominated by Gobiidae and Clupeidae and significant numbers of sciaenids and terapontids. These four families made up 80.02%
(Readman et al., 1996; Al Sawari, 1998; Massoud et al., 1998). The combustion process resulted in large quantities of carbon dioxide, sulphur dioxide and nitrous oxides being sent into the 400 400 ) | I 400 400 of the ichthyoplankton collected in the summer.
atmosphere and more problematically, soot and fine ash containing heavy metals such as nickel, vanadium and lead. Additionally, large amounts of crude oil droplets were sprayed into the air. The I . _ » :
prevailing north-westerly Shamal winds carried the emissions southeast over Kuwaiti waters and Saudi Arabia (Trux, 1992). The precipitation in the vicinity of Kuwait exceeded 500 mg-m-2 (Husain 200 . 4 200 I 1 I 200 200 Kuwalt Lawal FISh ASSGl I Iblag eS. M U Itlvarlate An aIySGS RGSU ItS
and Memon, 2002). The fate of the combustion products is unclear, though some are likely to have been trapped in sediment, and others may have entered the food chain leading to high 0 I Y B . 0 0 A B . i ! 1 I . 0 _— 0 . o S The ANOSIM analysis showed significant difference in larval fish assemblages between site groups. The ANOSIM global R-statistic between site groups (across both gear types) was 0.16 (p<0.01).
contamination levels in top predators such as piscivorous fish. 1884988888818 338¢p8¢dg8s8c¢ it 8888889338833 8¢s848¢8¢8s8¢ B S5 B8 2N B N0 N0 N0 0N SF-OF-UE DR NN N-NEOF OF BF-SE-NF-UE-NE- -HE SE-RE-E 5N NE-NE BN SE-0F-UF BE NN -NE-NE-2E-0F-BF F-F NF NN The R-statistic between gear groups (across all site groups) was not significant (R=0.05, p=0.20), and so results from both gear groups were pooled for all further analyses. Pairwise comparisons
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Independent of the distinct pollution resulting from the Iragi invasion, a number of permanent pollution sources can be identified, which may also contribute to the contamination of Kuwait’s marine 1000 1000 3000 1000 3000 1000 3000 between site groups showed significantly different larval fish assemblages between most sites (Table 2), with assemblages from the two estuarine sites (0K6 and 00A) the most distinctive.
waters. These include: oil industry, urban and industrial waste waters and natural oil seepage; agrochemical activity and river discharge; and, construction. JUL 2004 2500 JUL 2004 2500 APR 2005 2500 APR 2005 The CDA ordination suggested that there was some separation between assemblages from different sites, although there was considerable overlap (Fig. 3). Samples from the two estuarine sites
2000 =
All of these various factors are likely to affect zooplankton distributions, densities and diversity in the region. The results from this study will serve as a baseline for future monitoring assessment 800 800 1500 800 0 . 800 o were located towards the top and right of the plot, while samples from site 22A were located towards the bottom left.
1500 1500
and development of ecological indicators. 1000 | | 1000 - 1000 Correlation of the canonical axes with the original species variables suggested that larvae from the Gobiidae and Pristigasteridae were characteristic of site 00A, Exocoetidae and Atherinidae were
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4800°E 48300°E . . il 500 15 500 § ¢ associated with site 22A, and Terapontidae was associated with site OK6 (Fig. 3).
Su rvey Area 400 w0 R e e e e e 400 | & O yyreriiiEsiaEiiieseiiii: 400 O REfReiiiiEiEETEEEiIiiE The leave-one-out analysis (with ‘m’ chosen at random as 13) highlighted the considerable overlap Table 2. Pairwise R-statistics from ANOSIM test between site groups. * denotes
result significant at p<0.05, ** denotes result significant at p<0.01.
The survey area encompasses Kuwait’s territorial waters located in the north-western tip of the Arabian 1l between samples from different sites, with 73 out of 203 samples classified correctly. This equated to an OK6  OOA 1 4 5 5 7
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Gulf. The plankton sampling was carried out at 24 stations on a previously established KISR grid (Fig. 1). I | s 1 | | i I I i m I i I I I I e - overall mis-classification error of 64%. Out of all the sites sampled, site 00A was the most distinctive, with 0O0A |04 ™
. l - " = * * %
Khor As-Subiyah .. 11 . Q. 'y N i - o | e _ . 1 0.07* 0.36
The northern part of the station grid lies at the entrance to the Arabian Gulf of the Khor As Subiyah and oer o 0 - == _ -=-- EEm_ — = — = = - 0 Afim e S fmfR=S B8 88 - - i 0 - - = 0 i EEENENSNEER 73.1% of samples correctly classified, and site 005 was the least distinctive, with 4.0% correctly classified 4 o015 0.41* 0.02
- - - - 0 N o o KU e e e e i et e I I A e i et I e (e U e e A Y A I A A A A (A et A (S I I S A I A A R A A R N i Il U e A R 5 0.05 0.29* 0.01 0.0
S O e T8 S aCe O o = P I 001 b Gt Locraom OK6 O0A 001 004 005 006 O17 22A OK6 O0A 001 004 005 006 O17 22A OK6 O0A 001 004 005 006 O17 22A OK6 O0A 001 004 005 006 O17 22A JEle.99) 5 10,07 098* 0.01 003 -001
Hath _ a lan u B O et N N ] ] ]
stations from the coastline varying from less than 1 km to approximately 45 km. K10 .OK6 0K3 @ 1000 1000 1000 1000 Multi-dimensional scaling ordination of the mean assemblage for each station at both day (before sunset) 17 10.11™ 0.39™ 0.08" 0.11™ 0.09* 0.04
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006 004 SEP 2004 SEP 2004 JUN 2005 JUN 2005 and night (after sunset) suggested separation between stations, and separation between day and night
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MethOdS and Materlals B i samples (Fig. 5). A crossed ANOSIM between day/night groups, across station groups showed a significant Table 3. Leave-one-out allocation of observations to groups (for ‘m’=13).
Neuston samples were taken from Arabian Guif bi-monthly from April 2004 to June 2005 on 7 cruises at 07A & 010 600 600 600 600 difference between samples collected before sunset versus after sunset (R=0.13, p<0.01). Sta;ion OK? 00‘2\ g 3 8 2 1; 222 Tog %Z%O‘rlrg‘;t
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selected 8 stations: 0K6, 00A, 001, 004, 005, 006, 017, and 22A (Fig. 1). Six samples were collected per 013 .027 _ ] 4 5 1 3 4 2 2 4 4 25 16.00%
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station; three tows before sunset and three tows after sunset. . 14A 016 017 018 . u 1 1 DISCUSSIOn 6 3 0 7 2 1 8 6 1 28 28.60%
Neuston collections were made using a single AQUATIC RESEARCH INSTRUMENT 100 cm diameter T Y 02 i : ° o 200 200 g I > ik The ichthyoplankton collected from neuston samples in Kuwait waters were relatively diverse with 35 00A 2 19 0 1 00 1 326 73.10%
o 200 200 1) 11 - . : 17 3 1 2 1 2 2 12 2 25 4800%
plankton net equipped with 333pum mesh. The net was deployed at the surface and towed on the side of 090 . 1 B . I I I I I I I I I o AR I 1§l mr F families identified and an unknown number of species. The three most abundant families in the neuston OK6 9 3 4 1 3 1 7 0 28 3210%
19 g 188 a _ - i 1l . _ - AAREN - 1 22A 1 1 0 3 2 1 1 14 23 60.90%
. ® 0x O o 0 = = = - - - - 0 "5N = = - - - 8 e S O U B B B U B R B B <77 0 B B S B B B O R B R B BV R : . St | .
the vessel at a steady speed of 1-2 knots for 3 minutes. Legend o 2%323288828882223232%22%8882828¢8¢828zszs 2%2%2%3%8888%22%22888888828233:2 222222223232323222232332222 23 2228288222822 222%8%2222:32 223 were Gobiidae, Clupeidae and Sciaenidae. This group accounted for over 65% of the fish larvae collected.
The zooplankton samples were immediately fixed with 4% formaldehyde/ seawater solution, then @ Sampling Stations A-Khiran  oop  23a OK6 O00A 001 004 005 006 O17 22A Ok6 O00A 001 004 005 006 O17 22A Oke O00A 001 004 005 006 017 22A Oke 00A 001 004 005 006 017 22A The gobiies were distributed throughout the collection area, but peak abundances were at stations 006, 0.2
o Messton Bt A Sunssi A 1000 1000 Clupeidae ® Pristigasteridae ' Engraulidae . . Gobiid
transferred to 70% ethanol solution after 2~3 days. 0510 20 30 40km DEC 200 4 DEC 200 4 004, OK6, and to a lesser extent O0A. The large catches occurred in the ‘after sunset’ neuston collections. 0.15 obiligae Cl id
_ _ _ ™ ™ e ™ Bregmacerotidae ™ Platycephalidae Hemiramphidae _ _ _ upeidae
The raw samples were first pre-processed to separate out the fish eggs and fish larvae at KISR and at 800 800 In July 2004, 674 gobies were collected before sunset, and 3,482 after sunset at station OK6. Clupeid larvae Pristi id Sciaenidae
. e . . . 4800 48°30°0°E Mugilidae Leiognathidae Sillaginidae - _ _ N 0.1 ristigasteridae
the Gdynia Sea Fisheries Institute, Poland. Ichthyoplankton samples were examined at SEFEC using were generally distributed more evenly but had peak concentrations at stations 005, 00A, and 017. The (2] O
600 600 Sciaenidae Terapontidae Carangidae é ®
stereomicroscope (Leica MZ 16 with 0.71-11.5X zoom) and identified to the lowest practical taxonomic Figure 1. Map of the survey area. sciaenids were concentrated in stations O0A, and 001. The engraulid larvae were found offshore primarily at ~ 0.05
B Blenniidae Callionymidae B Gobiidae © O apontidae
level (generally to family only) and counted. stations 005, 017, and 22A. —
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There are strong seasonal differences noted in the ichthyoplankton of Kuwait (Fig. 2). Water temperatures c i ili
M I.t ' .t A I unidentifiable : Al Fig.2 * 3 Exocoe&dae ugilidae
U |Var|a e na yseS 200 200 may differ between seasons by 16°C. Temperature is an important indicator of spawning and the strong -0.05 @0
Multivariate analyses were used on a limited data set to determine the similarities of species assemblages between stations 00A, 0k6,  Table 1. List of five principle families and 12 common . . . - i i ivi jon. | | | | Atherinidae
4 p 2 fe:milieslv b ' O e e e U U R R O e B B B N 0 e I S S Bt R S B R e B - - = - - _  Figure 2. Seasonal and spatial changes in ichthyoplankton abundance before and after sunset: May 2004 ~ June 2005. Scasgualidetiects spunnoiacivtyctine adultipopulation Onisacidae cemuated utbewinter -0.1 O 8
001, 004, 005, 006, 017, and 22A. Before/ after sunset differences in neuston tows were also tested. Raw species counts were - es. - eluded in others are: Antennaridae 5888585858838 8288388882R28B ¢ TR 3 I SIS IBERERREZEREERE Key for 5 principle families and 12 common families above. Group “others” are ichtyoplankton family other than the 17 families. months, about three times more abundant than in the summer months. Mugilids were the second most
| | o I | | —_ . . gl ! Ok6 00A 001 004 005 006 017 22A OK6 00A 001 004 005 006 017 22A Unidentifiable groups are yolk-sac larvae (<2mm), damaged specimens, and unidentifiable larvae. -0.15
transformed by dispersion weighting before multivariate analyses were completed. These transformation down-weights contributions Belonidae, Exocoetidae, Polynemidae, abundant in the winter collection but there were twice as many in the summer.
Atherinidae, Sparidae, Scorpaenidae, -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15

from dominant taxa, while taking into account differences in the variance structure of counts of individual taxa (Clarke et al., 20006). Higher abundance in after sunset samples may be due to the high diurnal temperature range of the region,

Canonical Axis 1
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Syngnathidae, Fistulariidae, Ephippidae, Mullidae,
Scombridae, Paralichtyidae, Scatophagidae,
Monacanthidae, Pegasidae, Pomacentridae, and
Ariidae, by order of abundance, respectively.

Analysis of Similarity (ANOSIM) in Primer-6 (Clarke and Gorley, 2006) was used to quantify the dissimilarities between larval fish affecting near surface water temperature.
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assemblages amongst each of the eight sites, as a two-way crossed test between sites (eight groups), and gear (two groups: neuston There is considerable overlap at many of the stations noted by the mis-classification error from the
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and horizontal bongo tow). Canonical discriminate analysis (CDA) was used for constrained ordination of the data (Anderson and Willis, gargllg nL: rgé):g :'ﬁ 'gcgtf/tl 4?5!;/ leave-one-out analysis (Fig. 4). As would be expected, the two sites showing the greatest differences were Figure 4. Ordination of all samples using the first two axes from the canonical
obiidae : . - e :

2003). This method was considered suitable as it is designed to maximize the separation between an a priori set of groups (station in Clupeidae 4041 8. 32(%2 12 260/2 ,\ . o _a RN p— i \» 22A and 00A. Station 22A is the least influenced by freshwater flow, and 00A is directly influenced by discriminant analysis.
this case). All samples were plotted using the first two canonical axes, and the correlation of the canonical axes with the original Sciaenidae 3415 7.03% 10.36% oo g E | . °h . . . 6.250mm SL p | . — freshwater flow. Gobiidae and Pristigasteridae dominated at station 00A, the station most influenced by 5D Stress: 0.06

Terapontidae 2934 6.04% 8.90% fmm g 4 - T m o - 22A
species variables was then used to select discriminating species between site groups. Hemiramphidae 1273 2.62% 3.86% ; - . e Tmm —— | e R —— Tmm freshwater input. This station was located at the southern end of the Khor As Subiyah waterway, but within A

Mugilidae 907 1.87% 2.75% & o - i ‘ﬁ. ’ s, K m—" . _ _ , , , , 00A
R esu I-ts. Pn n CI I e 5 Fa |I| an d C O On 12 Fa |I| Engraulidae 761 1.57% 2.31% - ' - N s <, il the channel. Station 22A is located further to the south in an area more typically marine. It was dominated oA A 2(2)A

. p I | l eS I | " | l I | l eS Pristigasteridae 688 1.42% 2.09% fmm . m —— by Atherinidae (silversides) and Exocoetidae (flying fishes), two families typically associated with O
- _ Cynoglossidae 684 1.41% 2.08%

336 before sunset/ after sunset samples were collected. Of these, 322 samples were found positive for fish larvae and total of 48,591 Soleidae 543 112% 1.65% r - non-estuarine habitats.
fish were collected. 14,337 yolk-sac larvae and 1153 damaged larvae were left unidentified along with 140 unidentifiable fish larvae. The Leiognathidae 499 1.03% 1.51% - 6000mm 3L 006

Carangidae 482 0.99% 1.46% 5.150mm SL — 3.126mm sL 5.1 25mm 5L . . . o 005
remaining 32,961 larvae were identified to 35 different families. Sillaginidae 293 060% 0.89% tm i = o I FUtU e DlreCtIOn © 0g4 017 095 0%10 .
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Of the 35 families that were identified from the collection, 17 families represented 74.60% of the sample. Five families out of 17 families (F;Ieﬁ}/ceph%hdae 322 8283’ 8;23’ ; —— fmm > 100mm st Future work should continue to include efforts to collect specimens so that major families can be identified o 001 A
allionymidae 50% 0.74% 3.200mm 5t il — \ | i 004

were considered principle families with more than 1000 larvae collected per family. Twelve families were considered common families Blenniidae 241 0.50% 0.73% i T 2.750mm SL N 19:;’* " ’4 to species. This could be done by periodic larval surveys, or using aquaculture methods to spawn and 017 A
| . | | | __ | Bregmacerotidae| 137 0.28% 0.42% B st s OK6 A Time of d
in the region with 100 to 999 larvae collected per family. Most abundant in the collection were Gobiidae. Clupeids were second o o — o grow out the larvae. Study areas could be expanded to nearshore waters and shallow embayment and/or A ay

others 218 0.45% 0.66% 3 N A Before sunset
abundant in the collection followed by SCiaenidae, Terapontidae, and Hemiramphidae. There were five families whose number of unidentifiable 15630 32.17% | 800mm SL D000 SIE eV G > 300mm 5L 1.500mr]n SL  500mm 5L . Tmm estuaries by employing other Collecting methods such as ||ght trapS, small tow netS, and Seining to further - After sunset

larvae varied between 500 and 999. They were Mugilidae, Engraulidae, Pristigasteridae, Cynoglossidae, and Soleidae. The seven

monitor larval abundance, settlement and recruitment in the area.

Figure 5. Multi-dimensional scaling ordination of the mean assemblage for each

Figure 3. Growth series of select common families from Kuwait Waters. The white bar on lower right measures 1mm.
Top row from left to right: Clupeidae, Pristigasteridae, Engraulidae, Bregmacerotidae, Platycephalidae, Hemiramphidae, Mugilidae, Leiognathidae.
Bottom row from left to right: Sciaenidae, Terapontidae, Carangidae, Blenniidae, Callionymidae, Gobiidae, Soleidae, Cynoglossidae.

families whose number of larvae varied between 100 and 499 were Leiognathidae, Carangidae, Sillaginidae, Platycephalidae, neuston station before sunset and after sunset.
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Callionymidae, Blenniidae, and Bregmacerotidae.



