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The Israel National Monitoring Program in the Northern Gulf of Agaba
Funded by I srael s Ministry of Envir

Scientific report 2015

Dr. Yonathan Shakk Program Manager
Prof. Amatzia Genin, Scientific Director
(March, 205)

Introduction

This report describes the work and results of the Israel National Monitoring
Programin the Gulf ofAgaba Eilat) i NMP 1 in 2015. It is divided into chapters
accordirg to habitats and the methods employed by the monitoring program. Each
chapter includes a short description of the methods used, a detailed description of the
results including data and figures, and a discussion of the findings. A comprehensive
descriptionof the methods used is given in the NMP annual scientific report of 2003.
Figures and figure captioms this reporiare given in English.

The NMP has been operating since 2004, collecting contirstangariézed data
by usingpredetermined standandethalsanda dedicated team. The ability to review
such consistently collected data provides increased analytical power and confidence in
our findings opening the possibility to detguatterns and trends. A comparison of
the presentlay state of the reef viithistorical premonitoring,data can be found in
the NMP annual scientific report 2004.

The NMP has added several new measurements and variables since its initiation,
and these arnatroducedn the respective annual reports of theitiation year.

This year, several new measurements were made. Settlement plates on which
coral planulae can settle and metamorphose were placed at two reef sites to help
evaluate the potential supply of coral recruits to the reef. Surveys to evaluate soft
sediment habdts were carried out at the northern and southern ends of the Israeli
coast. These included assessments of grain size distribution, infauna communities,
and seagrass cover. A complex sediment trap array was moored on the sea floor at
600 meters depth measyg the vertical flux of organic and inorganic particles
descending through the water column at several depths and twedaies, to assess
the seasonal dynamics of those fluxes and study the factors determining their rates
and composition. Monitorindhe particle fluxes through the deep water column is
done in collaboration with Dr. Adi Torfstein of the Hebrew University, and the
material retrieved will be analyzed in his geochemical lab and his findings will later
be incorporated into NMP reports.

TheNMP reports are available through the web site of I6r&éhistry of
Environmental Protectiomnttp://www.sviva.gov.il/ and on the NMPage in the 1UI
website: http://ivi-eilat.ac.il/ .

A database that includesita collected bthe NMP since 2004 is available for
public download through the NMP website.
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Key findings of this year

The coral reefs of Eilat

1.

Live coverof stony coral§ This year a slight decrease in the loaser of

stony corals was measured in six out of eight reef monitoring sites and the
average live cover for the Eilat reefs slightly decreased as well. The largest
decrease in live cover was found at the-B.Hnd Katz&lO sites.

Density and size of storgoral colonie$ An overall positive correlation was
found between coral cover and colony density. The improved correlation
found this year partly results from a decrease in coral cover at siteiiere

the corals are especially large and from an irsgéa colony size at other

sites. Improved correlation between coral cover and density may be an indirect
indication of successful growth of corals. This year a small increase in the
number of small coral colonies was noted in Eilat.

Live Tissue Index (LT)in stony coral§ This year, the value of this index
continued to drop. The LTI presents the average percentage of live tissue in
living stony corals and is considered an indirect indicator for coral health.
Changes in the LTI value, however, are small.

Coral diversityi The ShanofWiener diversity index, used for estimating

coral diversity at the reefs of Eilat, was higher this year than in the previous
year. In contrast, the expected number of taxa encounters per individuals
surveyed was lower. Thesanations in diversity measures are small and the
coral community structure remains stable.

Reef flati Due to its unique character, the reef flathegtcoral reserve is
considered separately from the foeef sites. Here too,sdightly lower coral

cova was measured this year. The Shakidiener diversity index, on the

other hand, was a little higher this year.

Permanent photo sitésThis year's survey included less plots than in previous
years sorendering questionablecemparisorof countbased indieswith

previous yearsThe average live coral cover (area of live corals per plot) and
the average coral densityeresimilar to those measured in the previous year.
The coral reserve lagodnA small increase in coral density was noted this

year in thdagoon, particularly in the density of the dominant c&tglophora
pistillata.

Coral settlement in the reefThis year the NMP added coral settlement plates
at two reef sites, the nature reserve and the IUI, in order to monitor the supply
of settlers tdhe reef. At both sites settlement was found to occur during
summer months. On plates that were left on the reef three additional months
(SeptembeNovember) at the Nature Reserve the number of settlers was about
half the August value, and the number ofyps per settlers doubled. This
indicates that no new settlers were added, that half the summer settlers did not
survive and that those who didloubled their size. The IUl site had less
summer settlers than the Nature Reserve and plates left additiceal

months had many additional settlérsut of smaller average size. This

possibly indicates that settler supply to this site extends beyond summer, but
that settler survival is lower than at the Reserve. These are initial results from
a single campaigand continued monitoring should help us better understand
these issues.

Sea urchin$ Of the invertebrates, sea urchins are the most important group of
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reef grazers. Of this groupjadema setosums the most abundant urchin in
Eilat. The density oD. setosunat the monitored reef sites remained low this
year, while the density of the urcHithinometra mataes on the rise.

10. Feather stars, basket star§he density of feather stars was lower this year at
all sites, except at NRO. In the past twhree years individual basket stars
(Astroboa nudawere encountered during the invertebrate surveys. This
creature was nqgiresenin the initial years ofeefmonitoring and this year an
increased number was noted.

11. Benthic algae at the regfChlorophyllta measured on settlement plates, and
particularly those protected from grazing, is correlative to the mixing depth.
This year mixing was shallow amtilorophylla concentrations were
generally low. Nevertheless, mats of turf algae and leafy benthic algaedo
the shallow slopes during the summer months.

12. Reef fishi The zooplanktivores are the largest group of reef fish, comprising
some 60% of the fish surveyed this year. These fish have a significant role in
concentrating food from lower levels of the tbeeb. The second largest
group are the carnivorous fish, who regulate reef population (in particular that
of reef invertebrates). The herbivorous fish comprise some 7% and regulate
benthic algae growth on reef surfaces. Thus, this group is especiallstamipo
for the reef's wellbeing.

CoastalEnvirons

13. Nutrient concentrations in coastal wate@ncentration®f nutrientsare
commonlyhigh during winter and very low during summer. The process that
dictatesthis dynamicss the seasonal mixingriven bycooling of the sea
surfacewhich brings nutrient rich deep waters to the shallow coastal areas.
This year mixing was shallow and nutrient concentrations weré lexcept
whereabnormallyhigh nutrients were occasionally measiiin October a
high valuesvere neasured at the northern shore (NB station), likely
originating from rain events and subsequent runoff. In Apigh values were
measured at the Navy/Meridien Hotel sampling station.

14. Pathogens and heteroxarsqut parasites in wild fisfSiganus wulatug i In
many of the 28 fish examined this year granulomas suspected as
Micobacterium marinumvere identified, indicating that this pathogen is still
active at the northern gulf. Data collected by IOLR from the northern shore of
the gulf further suppts the notion that that area is still a hot spot for the
pathogen's activity. The prdeace and richness of heteroxengus parasites
in wild fish remains steady in the past few years, indicating healthy habitats
that are required for these parasitesdmplete their life cycle.

15. Soft sediment sea flodrThis year, the NMP has stepped up its monitoring
activities in the coastal soft sediment habitats. In addition to monitoring the
live benthic foraminifera assemblage at the site of former aquaculiges,ca
which has been going on for several years but with increased involvement of
the NMP, additional surveys of foraminifera and meiofauna assemblages and
seagrass cover were conducted at northern and southern beach sites.

16. Size distribution of soft sedimécomponent$ The soft sediment at two sites,
at the northern and the southern beaches, was sampled and analyzed for its
grain size compositioand the living infauna assemblages. More than 60% of
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the sediment composition at the northern site was sntladlar125.m, while
at the southern site more than 95% was larger thapui25 his difference is
indicative ofthe sedimerit s d i Souroes:iwkilermost of the sediment at
the northern site is clays of terrigenous origins, most of the sediment at the
southern site is of marine biogenic origin and mineral sand.

17. Meiofauna in soft sedimentsat both the northern and southern sites a similar
density ofPolychaetavas found. At the northern sitieis group of wormss
the most abundant group followed RgnmatodaandCopepodaThese are also
the common groups at the southern site, but the most abuagarat that site
areNematodédollowed byCopepodaboth are much more abundant than the
Polychaeta

18. Foraminifera assemblages at the site of former aquaewdages$ This year a
further recovery of the foraminifera community was noted at the former
aquaculture site that wasfectedby sedimenbearing floods in 2023, and
the density of individuals increased. The NMP invested more effort this year
in idertifying and classifying foraminifera from the site, and consequently
more previously unidentified foraminifera were recorded.

19. Seagrassi The NMP monitored segrass cover at two sites, at the northern
and southern shores, for the first time this yeaedkh site segrass cover
was surveyed at three depths, 10, 15 and 20 meters. At the northern shore a
cover of ~50% was found at the shallow depths and ~90% at 20 meters. At the
southern shore segrass cover increased with depth from ~25% at 10 meters
to ~80% at 20 meters.

The deep water column

20. Verticalmixing 1 For the third consecutive yearertical mxing this year was
relativelyshallow,reaching300 m.

21. Concentrations of oxygen and nutrients in the deep watfter three years
of shallow mixing, désolved oxygen concentrations remain relatively high (all
DO measurements at depths exceeding 500 meters were in the range of 170
180pumol/liter) and nutrient concentrations remain low (all dissolved
inorganic nitrogen measurements at depths exceeding&@®ds were in the
range of 4.9%.7 uM).

22. Chlorophylta, zooplankton and primary productivityThis year, despite the
shallow mixing depth, concentrationsabflorophylta, zooplankton and
primary productivity in the photic zone over deep water were hitaer
expected.

23. Vertical fluxes of particulee mattei For the first time the NMP present data
collected regularly from sediment traps that were platesgveral depths
above600 mbottomdepth.Sediment traps ardeployed as part @f joint
project of te NMP and Dr. Adi Torfstein of the Hebrew Univerdityl. The
data collected at monthly and daily resolutions since 2014 demonstrates the
contribution of events of short temporal scale to the overall fluxes. Maximal
fluxes of ~7 g/MYday were measured daog events lasting up to several days
during winter and spring, while particulate fluxes during the summer are lower
than 1 g/rf/day. An estimate of the lortgrm average particulate flux that
reaches the sea floor will emerge as measurements continub®weming
years.
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Supplementary continuous measurements

24. Sea surfacehlorophylta next to Eilat's coral regflaily measurement)

Maximal chlorophylta concentrations were measured earlier than expected, in
January, for the second year running. It sedrasin recent years surface

cooling begins early and rapidly and water mixing progresses and brings
nutrients to the upper water column, but the process halts, mixing remains
shallow and a spring bloom does not occur.

25. Sea surface temperatures next totiileoral reefdaily measurement) Sea
surface temperature was close to the mantiual average throughout most of
the year, but at the end of summer SST was higher than average (but did not
exceed the 90% percentile). The annual average SST was thighgzar than
it was in the previous year.

26. Radiation(continuous measuremeiitSeveral days of higher than average
general radiation were recorded this year, during winter, but the UV radiation
was not particularly high.

27. Dust concentrations During a dst storm that lasted several days in
September, dust concentrations of Y@0m® were measured over the 1Ul pier.
These are the highest concentrationshe NMPrecord

Multi -annual variations and trends

The coral reefs of Eilat

1. Live stony coral cover The state of Eilat's coral reefs that has been
improving over the past decade, showed some signs of decline this year
particularly in the percent cover of live stony corals. This marks the second
consecutiveyear of decreasing coral cover in Eilat's sed the first years of
monitoring (20046) the average coral cover in Eilat was2l®%6. In 200712
coral cover rose and was in the range of 2B3%%. In 2013 the highest coral
cover measured by the NMP was record@®.4%- and in the past two years
(201415) an annual decrease of about 1% was noted. This year's average
coral cover was 24.1%. The average live coral cover in Eilat, as well as the
coral cover normalized by the available hard substrate, is still higher this year
than it was during the ft years of monitoring.

2. Stony coral density and sifeDuring the years of monitoring an increase in
the fraction of mediursize coral colonies was noted, concomitant with a
decrease in the fraction of smalke colonies at the monitored sites. It seems
that the decrease in the fraction of small colonies results, at least partly, from a
decrease in the number of small colonies in the reefs of Eilat. In the past two
years the number of small colonies increased somewhat, as did their fraction
of the total ctonies. The average density of coral colonies decreased in the
first years of monitoring but is increasing since 2010. The average stony coral
density measured this year, some 29 colonies peneitér line transect, is the
highest ever measured by NMPsdétems that overall the survival of stony
coral colonies has improved during the monitoring period.

3. Live tissue index in stony cordlsThis index is decreasing since 2012, albeit
at a slow rate. It is possible that the decrease in the average percetitage of
tissue in living coral colonies reflects the growth and improved survival of
coral colonies that are thus more exposed to partial mortality.
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4. Coral diversityi the diversity of corals in Eilat's reefs, as well as the coral
community composition and elexpected number of genera encounters per
1500 individuals change only slightly from year to year, indicating a stable
community structure.

Coastal Environs

5. Nutrient concentrations in coastal watefdutrient concentrations are usually
higher during witeer than they are during summer months, due to water
column mixing that brings nutrient rich waters from depth. Conversely,
abnormal concentrations at particular sampling stations are found mostly in
stratified months. Abnormally high concentrations, iatiitg local nutrient
enrichment, were common until 2007 and became less so in later years. But, in
recent years abnormally high concentrations of nutrients, particularly at the
northern sampling stations, are becoming more frequent.

6. Heteroxenous parasiteswild fish i Heteroxenous parasites require several
habitats to complete their life cycle. Their presence and abundance in the guts
of wild fish may indicate the state of those habitats. The prevalence and
abundance of heteroxenous gut parasites in Sigdnus rivulatugaught at
the southern shore of Eilat remains stable in the recentiyeacs higher than
it was in 200910. This may indicate resilience of the local habitats required to
complete their life cycle.

7. Pathogens in wild fish During the ears of monitoring, a decline in the
presence oMicobacterium marinuma deadly pathogen, was noted in the
southern shores of Eilata place where this pathogen was once prevalent and
abundant. However, it is apparent that this pathogen is still praséaictive.

8. Benthic foraminifera in soft sediment at the former location of aguaculture
cages The benthic foraminifera community beneath the former aquaculture
cages at the northern shore of Eilat displays gradual recovery since 2008
(Oron et al., 2014)The NMP documented a gradual increase in diversity and
in the number and size of individuals. A series of floods covered the sea floor
at the site with terrigenous clay sediments during the winter of-28hd
decimated the local foraminifera communiBecovery following the floods
was much more rapid than the recovery from the local impact of aquaculture
cages and is still ongoing.

The deep sea water column
9. Concentrations of dissolved oxygen and nutriériisie Gulf's ecology,

particularly the annualyhamics of dissolved oxygen and nutrients and their
availability to phytoplankton, is controlled by seasonal mixing of the water
column. The multannual dynamics are controlled by the depth and duration
of mixing, and the concentration of nutrients in deep waters. This was the
third year running of shallow mixing (~ 300 meters) following the deep
mixing of 2012. Dissolved oxygen concentrations in the deep waters were
higher this year, after three years of shallow mixing, than they were in 2011
that repesents a similar cycle of three shaltavixing years following deep
mixing in 2008. Likewise, nutrient concentrations in the deep waters this year
were lower than those measured in the corresponding part of the previous
multi-annual cycle.
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Nutrient concatrations in deep waters continue to rise since the last deep
mixing three years ago, but are still lower than those measured prior to the
deep mixing of 2012. Likewise, the calculated nutrient stores in the deep sea
water column are lower than those af teriod 20091, the shallowmixing
years of the previous cycle. Thus, even considering the large annual
fluctuations, there seems to be a gradual decrease imddepnutrient
concentrations.

10. Water temperature The temperature measured in the deegmags at a low
in the years 2008 due to deep mixing, and has been slowly rising since.
Despite deep mixing in 2012 a drop in the temperature was not noted at depths
greater than 500 meters. Thus, the documented trend of rising deep water
temperatures edinues. A corresponding rise in sea surface temperatures in
Eilat, at an average rate of 0.036 degrees per year, is documented since 1988.
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Figure B1: An aerial photo of the northwestern shore of the
gulf, south of Eilat, showing the coral reef sampling sites. The
yellow lines represent sampling sites at the [UI (1), the Nature
Reserve (2) and the oil terminal (3). Black scale line is 100 m.
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Figure B3: Top- average live coral cover (excluding soft corals) at each site (percent of
total area). Bottom temporal changes in live coral cover at the surveyed sites and at the
"average Eilat reefs" in the years 20042015. Differences between years are significant,
as is the interaction between years and sites (tweay ANOVA, P<0.001) meaning
different sites changed differently over the years.
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Figure B4: Cumulative percent cover of live corals, sand, rock and dead corals. At sites
where cover does not add up to 100% the fence comprises algae and invertebrates

such as sea anemones, clams or sponges. The presented percent cover is an average of all
transects at each site.

45 - Cover vs. Substrat2015

40 ¢
£ 35 -
2 30 - y =-0.5155 +46.352
O R =0.8059
3 25 'S
8§ 20 -
2 15 -
S
10 - .

0 20 40 60 80 100
Loose Substrate [%
AT s CHA XY gxns s S X 4T T X e { Y x B vt g 4x o

Figure B5: Percent live stony coral coverageersusunconsolidated 6andy) seafloor in
the sites examined.
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Figure B6: Utilization of available substrate by stony corals. TopPercent of live stony
coral coverage out of the total consolidated substrate at each site. This indicates how
much of the potentially viable substrate is actuldy covered by live corals. Bottom
temporal changes in normalized coral cover at the surveyed sites and at the "average
Eilat reefs" in the years 20042015. Changes over time are significant and the
interaction between years and sites is significamheaning sites differ significantly in the
way they change over time.
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Table B2: Summary of cover data collected in line trans
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Figure B10: Size frequency distribution of coral colonies in the surveyed g§. Size
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2008).
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Figure B12: The Live Tissue Index LTI) for corals in the surveyed sites. The LTI is the
site average of the percent area of live/healthy coral tissue for each livieglony.

s 47 s S w8 I Iv _|),,‘A">< T I N -|:x,,-|x"-|x-|~"><s ,_:-|xy"x~x|_\is‘
I % s20&20671"~"*x s 4LB FXHAw XS g4 ad .
XP s s B FdY X o {xXs{s 53§ g~ sl sy s> s
S, UL ,+’X-|v,,‘_:}_s”~x‘_x”x :XXNXVS LIXYX“_Sx.lx_leAx s
S o~ T4 e L] ST HN A L xS X XY

34



Live Tissue Index [%]

------------------------

------------

AR T ] Al

7
.................................... Eilat L]
T T T T T T T T T T
Katzal0 Katza20
94.t5 .
96
86 W‘\H‘H"‘F\ W 88 -':\\/I\'\‘\i\./l\l\‘\‘ 1
76
81.t5 g
1 1 \ 1 1 11 1 1 11 1
..... NRS L NRIO NR20 o 5 82 90 g g
9§ |
76 WW
o R T s
,190 SR SIS SO BN
L LFEY 4y x s CB X oy X s {1 x o x s O X8I A S d

20@dH 164" X
Figure B13: Changes inthe state ofcoral coloniesover time according to the average
percentageof living coral tissue(LTI) from all sites over the period 200201 5

FAY X b d X s XY X CKKY Y X es s X ], Do X

Y

s Ay s x5 A e A ST T YRX Y X 0 Y EMH,XYXX

LAY s R R x s ATyx K Ol DX ss ] ]

{ >

X L
Sk B, SRR
(Colwell, 2005 EstimateS - " | * (H§IShahnorwiener ' ! 1~ 4 x + 474 s 7 xx
U :va"s s 1. s ¥ dPd_ ¢ Txxy {XXxk
Sxxy . s) ,.,.-HJ,,,,-IH XA AXT sy T XY Xes,s p Hx]
pox T A S Fod (B S) XXX X 0B x| Bx{IS*S] X" {s”
Fd74 s Txxy X FEdtimateS 413 x 113 xA4dEs {147 ]]xx "
T 1oxw 0 e XIS T Pl oy xT { X sx L xTX sl x
.I,,ASV ‘IAV s x Xy S L. VVXXVS Q1"~)s I q
B e N R
s " s L~ H62=. 9B~ », 57 sxilp ¥y, T x 4> | x 7s 7
s X? H 25992 &Katza ~ s ¥ X %Yl x 4 % S XZ_XV(yI SX ( SX X Y S
b1y X e(/ennes)SL x 147+« s © Bhanpopwieher ! ! _ (X X XXJNJSV
s , X 71 s x|, LSk dxIl ¥4 0oxIqXx 0 ]ssC 4R st p 4 . o % s x X
b i»JﬂQlZ"NL X1 T S s T, XL s |1"1 5 -H""X
' L_"280 «x Ixs X s , X XSX b Y X XS -||y><x|_ x ] . L7
R T T A |
XTX Y s 4 s8]« iSkadoAMieper « . T x x vy s 1 X X

ST X ANI®XXY A A s xx s T sLx v fx "
CS(1T LA ) xid b xS

35



32 Estimated Shanon Diversit

Katzal0 Katza20 NR5 NR10 NR20 IUIS IUI10 1UI15

m200 m200 m200 m200 m200 m200
m201 m201 m201 m201 m201 m201

297 Average "Eilat" Diversity

2.8 -

2.7 -

.

26 y=0.0062X +2.68
R=0.2591

25 4

2.4

O S B S N T UV ST S S
07 Q07 4007 40T 4007 4007 40N 40N 40N 40N g0V g0

-+~ 11 .~ x’ShannonWiener s! I 4 4] o + 4 v x o« LA L XdX_ S}
T x x ¥-s 8 lhtif//vi ceroy.eeb.uconn.edu/EstimateSColwell, 2009 EstimateS - " 1 © 41 4 |
cxm . x w1 ShannonWiener] X ls 1 x4 487 s Lox T, x Lo x vy

., X _I _I n g

Figure Bl14: The ShanonWiener diversity index of coral taxa estimated for each site by
the EstimateS software (Ctwell, 2005 http://viceroy.eeb.uconn.edu/Estimatey Top-
changes in the diversity index at every site; bottorchanges to the "Eilat" average
ShannonWiener diversity.
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Figure B15: Rarefaction curves of taxa richness based on colony counts, calculated with
the EstimateS software (Colwell, 2005http://viceroy.eebuconn.edu/Estimate$. Top-
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Figure B16: Changes in the expected number of taxa per 1500 raach coral colonies
since 2004 based on the rarefaction curves of the "Eilat reefs".
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Figure B17: The twenty most abundant coral taxa in the reefs of Eilat in the years 2004
2 03larranged according to their abundance in 20 5

poev oL Y s X X4 b {H s T 1 X BT s 4y X
L, . s " X =] o]y X L « S . X S L, | ] ] x X « S
s X .S

17 -~ x4~ L

AN
~ >

38



Averages Average
Katza Katza
10 20 NR5 NR10 NR20 IUI5 1UI10 I1UI15| Katza NR 1UI Eilat
Acropora 6.24 477 534 247 1070 219 548 3.11| 557 581 353 5.04
Stylophora 297 357 256 098 147 286 164 238| 324 150 232 2.30
Montipora 212 335 216 044 515 024 068 129| 268 237 0.69 1.93
Echinopora 183 201 681 029 254 011 046 039 191 249 031 1.80
Lobophyllia 031 183 1093 0.02 044 004 0.00 0.13| 1.00 260 0.05 1.71
Goniastrea 151 129 372 033 099 134 067 122 141 131 1.09 1.38
Favites 137 188 058 027 174 115 113 095| 160 082 1.09 1.13
Porites 077 181 076 100 285 003 077 099| 125 155 0.56 1.12
Cyphastrea 116 093 08 048 161 159 123 063 1.05 093 1.19 1.06
Favia 086 055 048 102 076 261 112 0.69| 072 0.81 155 1.01
Plesiastrea 076 055 025 050 191 0.27 022 0.66| 066 090 0.37 0.64
Adreopora 032 035 003 040 235 006 0.12 0.05| 033 0.96 0.07 0.46
Leptastrea 044 050 037 008 017 034 136 0.37| 047 0.17 0.68 0.45
Pocillopora 041 065 054 016 019 041 111 0.14| 052 0.26 0.55 0.45
Psammocora 054 105 0.22 0.14 138 000 008 0.12| 0.77 0.57 0.06 0.44
Mycedium 039 034 234 000 003 000 0.00 0.00| 037 053 0.00 0.39
Pavona 049 193 0.07 000 018 0.00 0.13 0.00| 114 0.08 0.04 0.35
Goniopora 029 015 198 0.10 005 000 0.083 0.00| 023 051 o0.01 0.33
Platygyra 022 056 065 006 045 0.16 0.07 0.15| 037 0.32 0.13 0.29
Millepora 000 003 018 021 004 066 059 055| 001 0.15 0.60 0.28
| Stony corals 24.62 31.15 4212 10.18 35.75 14.66 18.22 16.04| 27.59 25.71 16.22| 24.09
Ll e sy X XS TASHOXTQTA_ B9 Suxd Taexx TS

~ A

R

" g

PR O’ X

i .

Table B3: The twenty most abundant corals (% cover) in the monitored area and their
average ceoer in each site as a percent of the total transetgngth at each site.
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Figure B18: Cumulative percent cover of live corals, sand, rock and dead corals. Values
are averages of lindransect values.
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Figure B19: Percent cover ofive corals and density of coral colonies on the reef table
since 2007.
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Figure B20: TopT ShanonWienr diversity of stony corals in the years since 2007
bottom T rarefaction curves for coral genus diversity on the reef table since 2007
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Table B4: The twenty most abundantstony corals (by cover percentage) at the reef table
and the reef front sites
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Live coral Katza Katza NR NR NR Ul IUI IUI
(%) 10 20 5 10 20 5 10 15

2004 20.28 24.48 37.48 10.14 31.56 10.51 13.65 4.38

2005 2282 26.75 4194 897 19.31 12.78 11.46 1156 3

2006 19.32 2758 36.53 8.28 2198 14.33 12.61 13.06 3

2007 26.99 2966 46.74 8.37 19.90 15.72 13.25 10.89 2

2008 23.43 2526 4572 8.68 25.64 1890 17.74 15.00 3

2009 22.88 26.24 4490 11.67 28.81 18.30 14.80 1255 5

2010 27.45 27.10 48.04 9.81 29.67 18.35 16.04 1443 1

2011 21.38 32.76 4547 8.48 30.06 19.85 16.02 1421 5

2012 2411 29.23 51.87 1092 27.37 1489 13.20 16.90 4

2013 2777 28.78 5495 12.19 38.78 16.93 15.77 1596 2

2014 29.52 28.60 43.67 11.63 3586 19.70 14.28 1692 5

2015 2462 31.15 4212 10.18 35.75 14.66 18.22 16.04 6

5 4 6 6 5 3 5 5

T I S B 200+4-|""VX¢~W prXAIToe s 4y x o By s YT 4 xS

Ax 41 s st ) A BT (HS) s, C w8 L s LT -ISX NN L e

Table B4: Live coral cover at the forereef monitoring sites since 2004n red are values
that are lower than those of the previous year. In blue are the number of sites (right)
and years (bottom) in which a decline was measured

0. s 4 X As s X s 1] X
TR R I R P SO S (e P N CL O S SEITOE [ BRI N MO CEN
” . 17,X.0}{5>\ 11s VZ . I x . s s ” L S LYXqXe l's X =F>-|x,,\2><‘ SS YL
Z,,YNV:X s ] r s 110%9 s )(2(|0X§4s|_lx>d\y$ s 48 x| s
sl 4. 4s BNR 1, o s ~I sl . " F -| Y X ><-|~x I 3x4 xx] s § 4. 4 s
IUI-5xKatzal0 + 4 » &« %X 1| U
X DX "X, 7. s 14 x T IR Zx1”x~ L = x

LA T S LT X gs Y x  §x TR Ss 471 4T G4 dsls s
X ) XSS ROTALIX 14" s

17 ox S . I {1 . 1« s 7 X ] x R I x s 1 4.
s X x 1 s:\ .S 8(< s)xs||_\-|\-| ZLva-|s~" x] X x><~xv~s X q
sl 4., 4{s ) oAy X )RS xI T ], Lo s x4
T I x T Tes DX TRl 4% s Sy x |,
x4 L s XXX s T T AT L R X
s s x Xy Lox X X s X1 ,_sifjxx,_.*y‘xvvxl_‘ysx1xs;|<j<y
Dot X I X ] e s X s Jss% Xy T 1"XX11H+J”JS+ I
.x><~xv ¢ x 1« X stv" Zx>-|)\>< &NR‘I”VZX‘.X) X
S 4L b L byt e v dxx 17 sy oxq xq J4s] S X Ko A 4« } 3 ¥ X x|
Lox X X s LoX .| .
.XX“AX:SX\_X,,”XSSLJJX>-|>‘X F'IYX\,L“SN'I;V'IJ -)_|>Z
A I T O I IR AR B S L R R R S B0 O TN I SR

X" x , 1+« s

4 4



® ©
S o
L 2
g

L 2 (2 ¢
0 L X3
P R=0.2202
L, Y 0‘ L 2

o
L

Coral Cover [%]
w b OO0 o N
o o
.

o
I

Coral Density [#/0m]

2014

@ ©
o O O
1 1 )

Re=0.5685

Coral Cover [%]

P N WD OO N
O O O O o o
L 2
L 4

o

Coral Density [#/0m]

2015

Coral Cover [%]

Coral Density [#/0m]

X wow " o X s 4 DT DX axs s g X200 x4 X x T
S._ v 2501250 1240 1 3 _ *
Figure B21: Top to bottom - correlation between stony coral cover and colony density in
all the line transects surveyed in 2013, 2014 and 2015 respectively.
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Figure B22: Change in thesizefrequency distribution of coral colmies in Eilat. The
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Figure B2 4A set of photographs from one of the photeurvey sites in the
nature reserve reef (2004 top, 2005 bottom). Among the observed changes
are partial mortality of the massive coralPlatygyral (top center), and
growth of two colonies of the branching coralAcroporal and 2, (center and
top right respectively). In addition, a few colonies are missing from the
bottom picture (2005), and some areew settlers that appear only in 2005.
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s us oYX ox ...'I L -|~ XS =y 0% coqo 1=: T 1] Xy Xx ~1— S 153?0(;)( L X .
Dox X X 4s4 . ] . x =9 . X o s LoX X X Dx 7 ox x LoX
Pl o 7 Skt A4S, T3 4 s . X Tl p X 8 s 1Y x|
1. . S, sy X X s x x X e AT s XX Xiesp xLlox 7 1
F XL qd s L N T U T
1 x v A A A XYL Y X s O U S
Fol Y XD L K v kX4 X X oY KosT XX X ss x| ¥ s X
Tl o® X o Lx s (. S X 6086 X 1 A s¥ L% "s
oo 0% e Y e Ay exdl s )1 @) Al LT o ESs 8 ), 0 X ] X
2¢ m* s " X ” s ” s Fod X L4 . s
All colonies captured in the permanent photosites
Site No. of Branching stony | Nonbranching stony| All colonies (stony, soft
Pictures corals corals and others)
No. of Area No. of Area No. of Area
colonies colonies colonies
NB
Dekel y 14 993 65 14,051 105 16,399
Katzaa HN 113 6,029 359 16,714 607 28,278
NR 28 139 7,313 345 22,860 587 33,146
19] 24 76 5,176 439 13,010 606 20,698
Taba 18 33 7,284 220 15,006 340 26,424
Total 102 375 26,795 1,428 81,641 2,245 124,945
Colonies capture in full and considered for "growth" calculations
Site No. of Branching stony | Nonbranching stony| All colonies (stony, soft
Pictures corals corals and others)
No. of Area No. of Area No. of Area
colonies colonies colonies
NB
Dekel y 8 692 35 3,116 64 4,537
Katzaa HN 67 3,019 247 5,877 420 12,810
NR 28 72 3,684 203 9,850 333 15,153
Ul 24 47 2,244 324 8,786 453 13,066
Taba 18 14 1,439 136 5,551 206 9,219
Total 102 208 11,078 945 33,179 1,476 54,785
205 .~ x 14" s T X s X, w2 XXy TS E Y T xe § )
Pl o1 e A Rfixel™ ) FsTuT | AT s it diMos s 4 X aoxos T
A7 1 o0 ok d x4 es x4 L x4 X Todsox LoxX
S 14 1% AITE 7 XTORE 8X x gy xxx - x I A
Table B6: Summary of the areas and number otorals surveyed in the 20% photo-
survey session. The fiareaodo of-pelsdmdsarey i s its
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given in pixels to allow for interrannual comparisons and to avoid inaccuracies of

calibration to fireal o surface area. Top: the d
colonies considered in Agrowtho calculations.
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Figure B2 6Top i Changes to the stony average number of stony coral per picture
recorded in the permanent photsites since 2004. Bottorn the changes in stony coral
number per measuring unit in the linetransect survey (red) and the permanent photo
site survey (blue).
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Figure B2 8Colony recruitment and death for all corals (top) and for stonycorals only

(bottom) at the photesurvey sites in 2015. To allow a comparison between sites the data
are presented as percent of the total number of colonies at each site.
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Figure B2 9Top - changes to the average area of stony corals per picture at the
permanent photosites since 200Bottom - changes in the average stony coral area per
picture in the "Eilat Reefs", measured since 2004 in the permanent photsites.
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Figure B3 1The sampling design in the lagoon. 1 frquadrates (red circles) were placed
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Figure B33: Relative abundance (by colony number) of the 10 most abundant coral
genera in the lagoon (these total about 97% of all colonies).

Species N Relative abundance (%) N/m?
Stylophora | 92 42.01 0.93
Millepora 39 17.81 0.39
Rhytisma | 30 13.70 0.30
Favia 29 13.24 0.29
Favites 6 2.74 0.06
Platygyra 5 2.28 0.05
Acropora 3 1.37 0.03
Cyphastrea | 3 1.37 0.03
Sinularia 3 1.37 0.03
Seriatopora | 2 0.91 0.02
Goniastrea | 1 0.46 0.01
Hydnophora | 1 0.46 0.01
Leptasera 1 0.46 0.01
Lobophyllia | 1 0.46 0.01
Porites 1 0.46 0.01
Sarcophyton | 1 0.46 0.01
Xenia 1 0.46 0.01
1y x“(x XL,,~ + 1 L ) ::XAX‘NXXVVV s, >=v2vx . -|Z’>x‘><x~ x:v-|s7_>i “[,,qis]v v= L. X .

_s”’)'(xy\l_“l:’q}xvl_\s
Table B7: The number of colonies, relative abundance andverage density (colonies
per square meter) ofthe coral taxa found in the lagoon.
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Figure B34: Changes in coral diversity in the lagoon since 2004, according to the

ShanonWiener index, estmated using the EstimateS software.
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Figure B35: A coral settlement plate pictued under the microscope, showing two tiny
coral colonies (circled).
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Figure B43: Average chlorophyll a on exposed (diamonds) and caged (squares)
settlement platessince 2004. Each point represents one month (calculated as an average
of three plates submergedn the sea for two months).
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Taxa Dweller* Tropic level* Occurrence

Blenniidae/Gobiidae C 154
Pomacentridae
Amphiprion bicinctus 4 6
Chromis dimidiata A 57
Chromis viridis o V4 538
Dascyllus aruanus < 4 79
Dascyllus marginatus = z 184
Neopomacentrus miryae © 4 350
Pomacentrus sulfureus V4
Pomacentrus trichourus O 184
Other Pomacentridae Z 103
Pseudochromidae C 77
Acanthuridae
Ctenochaetus striatus/Acanthurus nigrofuscus H 16
Zebrasoma sp. H 28
Other Acanthuridae H 22
Balistidae C 36
Caesionidae Z 57
Chaetodontidae
Heniochus sp. CO 7
Other Chaetodontidae CcoO 41
Labridae
Bodianus anthioides C 14
Coris aygula C
Cheilinus lunulatus C 1
Gomphosuse caeruleus p C 7
Labroides dimidiatus & C 9
Thalassoma sp. o C 43
Other Labridae C 10
Lethrinidae C 1
Mullidae C 29
Ostraciidae C
Pomacanthidae C 3
Serranidae
Pseudanthias squamipinnis 4 347
Variola louti P 7
Other Serranidae C 11
Scaridae H 75
Scorpaenidae C
Siganidae H 1
Tetraodonitidae/Diodonitidae H 3
others 28
Total 2528
Atherinidae P Z 2600
Corals with fish 102
Corals without fish 71
* Cryptic - close to/hides within coral/rock
Pelagic - away from coral/rock
*x C Carnivorous
Co Coralivorous
H Herbivorous
(e} Omnivorous
P Piscivorous
z Zooplanktivorous
Yx o~ ox1 sLx o gl E et os oL

Table B9: Fish abundance of at the Coral Beach Nare Reserve
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Figure C1: Map of the coastatwater monitoring stations in the territorial waters of
Israel in the Gulf of Eilat.

B 4%+ | Ny *1x- P
34°58.219" 29°32.527" Fdy s FF
34°57.776" 29°32.689" ST NB
34°58.204" 29°32.678" T A b A e ST X AT XS s N
34°56.468" 29°31.724" T PT
34°55.686" 29°30.893" Pl xs 4 o WPC

S _ s Y X f pow X X Z. NR
34°55.211" 29°30.251" 11
34°54.316" 29°29.478" S X1 L x X T
34°56.148" 29°30.183" r-v - 11x, 0s

Table C1: Locations of the coaétalwater mon

1

EHEEETT

B 0x 1 s LxpaxqyiixI1pp K Xxq" 1

itoring stations.

77

S



Fdd 41 £ 40
@H) ¢4 5 Tx 4. x1

~

~

¢ < D S I - pH H oy s XX 19 N S TliLxx 40 X

D . s1§nLﬂmwlqovﬁﬁ1ﬂx”zooaﬂn1Ixm I x
Fod '2(1)08% x 1« 17, 12006 x_ " ¢ vk A dked PN 2~GSO|-7|5"'H§ , S
Fgoo5x1<1”<s CX)pH L D v T g T T ok x

Z(x.|><\(~ le-||v X

AL pH d Hs X XX {1 X L)X S D XX PRs L Ax ]

s s qu*X§XXYs LXTX e '1 T4 v 41
] X ”52y(_|)xistx“s s " 85 all_3+<-|”vx-|As”xxx1 o lixx] %
Al . o (llsx (s Xs T s & B XKGR) 1M Hlx1xS"~s .
X "X, ] s F 7 x X 1 s 1o, xloxpo sk bsh” s 0 xel 14 ] .0 b
SIX X 1@ MR BBTE $7 s xs x4 s x4, ¢
b Y T s XX 1200 0%84.s. KMo x el %
pH
8.35 ¢
—FF
8.3 A e N\ B
Navy
8.25 +
—PT
82 - = \WPC
NR
8.15 A Taba
—O0S
8.1
900490059006‘200?9006’9009907090779079907390749075

2006 x 1 < x+ o o xypH S XX 4e 01X
Figure C2: Monthly pH values at all coastal water monitoring stations since October
2006.

S oo AL e s r A X D eI KA sk x  1TTpH Y e o F 1 X
pH-s + s> < _ X 1 T 2 B AN B XX§-91f’Y1J’1‘[|_3'|'|X
ox " oS -|.sxv~-|A~ ”s ¢ -|:|”-|-|s Ixx-|xx?( Lol L A,,_-|Z>x~-|s L4 x-|vx”> .
D S . 19 %], . .|\xl X lpHI‘HJI VAS '-:,.X ”+|_'|VZZX" ‘LLVSJ x5, )x>€\'| xv S
bhxe o o pHE-s x s X 4+X1 2 x R DU 1417 7"s s X xpX{,x Xs,
DXL e s 4 xe {1 1< xs BLYHZ 4 x x 18X | x s
2.0 B7~ x _ _ sLxx"x xx__ xXsix14 pBf WdApH® T 440 L L .xy 141
PH L S EEEF NN |--|J”§">i§ T

R € ﬁUZjX§X1 SEA X s Ty oM L) oS XL o
A X T s 0T pH T T A x4 X 1x" L AT sp A X

pH-s T X b AN x L os x{ X LS s e BT L Y
X s oy 2701086 X AT ik Sw L.xqqrs g

78



R B At Lo~
114dcs: v so4 L 4, s o rddx_ s p 414 sX
S « XOHEAHAASAL T A% s L Sy 8 ($>q11)|LL§*51VX 1 x 1A
S U IR I N SN S Bt P SIS 1Sl 4wk MqsH X
FAs 4o x4 T G 1
ZI-|Ix><sx§IF>1-|§s|x_|'|\,,>VV>< D S =] x x4
Lo ]3{(>< 2X5159n[1eq/kg) PR O N C LN x~>l:'xsi'| ”<<'|x1'|><s oo X 4% S S X Xy
I X ngnﬁeq/kd Lo x4 "L . L:,~X IR sNI,,x\'|~'|>:x><isx>|,,sl><v|_”,_-|ys xv
S s X X Yo X d ToAY " s 47 s oy v d Y o X
2@15XX25)S‘_¢X|_X-|X 1”x>\s X 1s Pl s Zvyxl
. X S sCZ’x_H,,"x,_\Lsx\ix”]ix 1 x A x S S X Xy x4 " 4L
C LX 447 s Ty s o0 0
DXL TS T s R A G E 4] IR ST X I xS Y
DX {7 {12007 _RPOBX_ X 2O0@GBAL AL L X s s s
Fdd oA il
Alkalinity
2.56 -
— FF
2.54 e NB
=== Navy
g 252 1 —pT
gz.s ——Wwec
=== NR
248 Taba
—O0Ss
246 1
9009009 <0p <”’ <”’ <”’ 2 999 0 9076

2004 _ A4S X 1s  pox ¥ A 1s XX D x4
Figure C3: Monthly alkalinity at the coastal water sampling stations since 2004

(TON Total Oxidized Nitrogen =N+ NQ,) = « { ¥ J ¥ ,“x" "]+
X . L X x X, s . X € 11 4
11x s "-54" Ixx ¥ 15§ ¥ v LK TR A s wis ok Psxy s X
1T1_s A Royx L xx s AENRELE X BK 4 LTS A H sk T
N B <"X'|S 1 ™" . X" IFXX‘I +€"11T‘-|’5‘-T‘L1 1 x 7 e 4 A

' L, ~XxXs ¥ 1o 7

N IV A PO I BN I B 2 DS I
XL Lx ! qy L L1 *y . <E,,,,xx'|.|\(s,~ I's xx Ix Xs o TXad” TS84 s xxx”y-|x‘
T ox 0 Tk T4, M Xy Lo x o o xX s d e X X
R x Xy L s q x
Lo X 1 s . “>,g « - 10 BB /H )s Jsq s - x~ R sA Sk -|>¢><x Is 4x X y~ sA
Dx X TS T Tl sy AN S o  x Xk, {
xS S Ry s px b ds L x4 S T 4" 5T TS x
XX XX s SY B, Bnind L 4T s e X F % LT
O D
20192<.Xx " x ., 15 ¢ A" X s ONK{s f0 {11 isT 1 ixXT pq"y{4s, 17s,

X A4 R DX TN sy Xy X6 s LT L% d K A%

79



Total Oxidized Nitrogen (TONM

8 -

7 -
=67
£S5
g4
z
)
P 2 -

o (BT

» A WAL s

V0,,7005"00500 50050007,/ 077?079 07,507,075
2004" . 1, x 1 s  TON)YA T S 14" 1104 %y L0 qqls {11 x 7

Figure C4: Monthly concentrations of total oxidized nitrogen (TON) at the coastal water
sampling stations since 2004.
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Ammonia

Figure C5: Monthly concentrations of ammonla(NH4) at the coastal water sampling

stations since 2004.
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Figure C8: Monthly concentrations of dlssolvedaxygenat the coastal water sampllng
stations since 2004.
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Chlorophylka
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Figure C9: Monthly concentrations of chlorophylla at the coastal vater sampling
stations since 2004.
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Figure C1 1Temperature at the coastal water sampling stations since 2004.
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1310151 Ul 240.5 27 7.5| ND 27 13.10.15
1310152 Ul 150.8| 225 6.5 ND 13.10.15
1310153 Ul 199.7 25 8| ND 8 2 13.10.15
1310154 Ul 155.4| 225 6.5 ND 1 1 13.10.15
1310155 Ul 142.7| 215 7| ND 4 2 1| 13.10.15
1310156 Ul 209.7| 245 7.5 | ND 3 1| 13.10.15

511151 Ul 207.5| 255 8.5 | ND 22 3 3] 5.11.15

511152 Ul 216.2| 26.5 8| ND 2 1 1]5.11.15

511153 Ul 150.7| 225 6 | ND 5 5.11.15

511154 Ul 187.2 24 6.5 | ND 7 1 5.11.15

611151 Ul 221.5 26 6.8 | ND 3 1|5.11.15

611152 Ul 192.5 23 7| ND 3 1|5.11.15

611153 Ul 244 | 27.5 8.5| ND 6] 5.11.15

611154 Ul 150.6| 225 6.5 | ND 1 51 5.11.15
112151 Ul 141.5| 215 6.5 | ND 1 2] 30.11.15
112152 Ul 157 22 6.5 | ND 6 4 3] 30.11.15
112153 Ul 160 23 7.5| ND 1 1 30.11.15
112154 Ul 135.5| 215 7 | ND 7 3] 30.11.15
112155 Ul 86 19 6 | ND 1 1 3] 30.11.15
112156 Ul 166.7 23 7.5| ND 8 1 51 30.11.15
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112158 1UI 1479| 225 7 | ND 6 4 1| 30.11.15
212151 Ul 198.7 26 8.5| ND 1 30.11.15
212152 Ul 92.5 19 55| ND 2 30.11.15

712151 Ul 153.3| 225 ND 1 1 7.12.15

712152 Ul 164.2| 235 ND 3 1 7.12.15

712153 Ul 109 | 19.5 ND 4 7.12.15

712154 179.1| 245 2 6 21 7.12.15
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Figure C17: Grain size distribution (weight percent) for soft sediment in two sites, at the
north beach (NB) and south beach (SB) of Eilat.
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sediment sites, at the north beach (NB) and south beach (SB) of Eilat.
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Figure D1: Temperature profiles measuredusing a CTDduring the monthly monitoring
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Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms station is

close to the northern shee of the Gulf at ca. 50 meters depth.
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Figure D2: Changes in water temperature at Station A since 2004. Black dotspesent
the sampling depths.
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Figure D3: Changes in water tenperature at depth (400m to 700m) at Station A since

2000.Data from the years 2062002 were collected during the Peace Park Project and are

provided courtesy of prof. J. Erez and prof. B. Lazar.
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is the southernmost and deepegt800m), Station A is the southern station on the
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Israeli/ Jordanian/ Egyptian border at ca. 700 meters depth, and the Fish Farms station
is the close to the northern shiee of the Gulf at ca. 50 meters depth.
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Figure D5: Chani:jes in safinityAat Station A since 2004. Black dots represent the
sampling depths.
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Figure D6: Dissolved oxygen concentration profiles measured during the monthly

monitoring cruises. Station B is the southernmost and deepest800m), Station A is on

the Israeli/Jordanian/Egyptian border at ca 700 meters depth, and the Fish Farms

station is close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D7: Changes in coeentrations of dissolved oxygen in the water column at
Station A since 2004. Black dots represent the sampling depths.
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Figure D9: Changes in dissolved oxygen concentratlons in 400m to 700m water depth at
Station A, since 2000.
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Figure D15: Nitrate (NO3) concentration profiles measured during the monthly

monitoring cruises. Station B is the southernmost and deepegst800m), Station A is on

the Israeli/Jordanian/Egyptian border at ca 700 meters depth, and the Fish Farms

station is close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D21 Changes in the phosphate inventory in the water column at Station A since

2004.Top: monthly inventories, Bottom: annual average
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Figure D22: Silicate (Si(OH),) concentration profiles measured during the monthly

X

monitoring cruises. Station B is the southernmost and deepest800m), Station A is on
the Israeli/Jordanian/Egyptian border at ca. 700 meters depth, and the Fish Farms
station is close to the northern shore of the Gulf at ca. 50 meters depth.
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Figure D23: Changes in the concentration of silicate in the water column at Station A
since 2004. Black dots represent the sampling depths.
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Figure D25: Particulate organic carbon (POC)concentration profiles measured during
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Israeli/Jordanian/Egyptian border at ca. 700 meters deft.
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Figure D2 6Chlorophyll-a concentration profiles measured during the monthly
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Figure D29: Monthly primary productivity and Chl -a concentrations at the upper water
column.
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Figure D3 1Monthly phytoplankton concentrations of prokaryotes (Synechococcuand
Prochlorococcu$, and pico-eukaryotes in the water column atStation A.

135



Integrated Phytoplankton Abundance (cell coul Integrated Phytoplankton Abundance (cell coul
14
©
g
mPro E mPro
mEuk | 2 mEuk
o
mSyn m Syn
N NN ™®momm S T T T 00 00 N NN NN®mmmm Y g T T 0w ;0 oWn
2313213233233 21522152 2L®22L B2
tEdsefizesiseiis tgizegiseiisegics
Integrated Phytoplankton Abundance (carbo Integrated Phytoplankton Abundance (carbc
100% 160
90% 140 0
80%
70% 120
60% o 100 -
50% mPro % 80 mPro
40% mEk | - 60 | | mEuk
0% mS 40 | ms
20% yn | yn
10%
0%
S99 Y8339 IIygy 99999938333 Iagey
2528833883838 58%% 2538852885388 5%33
L S <2 WL s CZ2ZULsC<2Z2L s <2 L S <ZULsC<ZULsC<zL sz
= " .
Synechococcus, Prochlorococqusr 1 1 X 4 » « x . | x 1", X3 A4 L
XL T XA ST TR b As s Ry x 205908 p A KR X o s Xy

S 1% 4,0 st ROLIR X L X X XS L
Figure D3 2Monthly integrated phytoplankton abundances in the upper 250 meters for
prokaryotes (Synechococcuand Prochlorococcu} and pico-eukaryotes at Station A,
and their relative abundancesince February 2012 Top i according to the cell countand
bottom T according to biomass.

A S N B e T T R A A R O T P10 S

~

|_-|SX - .
PS4 4210-D 0 f 4 0 X e B AT e X, Do p AP STX ) Tedd T x o
( 1

A

I x 1 , s Fod o~ . X P % XL XS {XXX ¥, «pX{"C{x J|_-|-|,,~ I xxe]0% <

~ A

33 A)xHB8O _ x XX

Heterotrophic Bacteria

[cells/ml]

-50 2000000 4000000
50 == Jan
~#-Feb
150 == Mar
== Apr
250 —¥=May
=0-Jun
350 ——Jul
= Aug
450 ——sep
== Oct
550
== Nov
== Dec
650
750
A s T b s DX e X, 10881 s xd A 4]

A >

Figure D3 3Monthly concentrations of hetrotrophic bacteria in the water column at
Station A.

136



= x 147 L X « X €

>

P x4 s x4 s D hx X 4 4T s v .4 ¢

B T SR S N T AU 0 SV S NI S S U B S S B AR
S X x 1 s ALl hoys Xyl lx 4 X, 1 xR % 4X{ {1 4L

AR IR I I R R B P X bAoA A XS s

S T (e Isex by Tx 0T x e xC 44 0 v ey
CIRE, B Sha e ISR 2 4 X RREIEE M SR NSNS 28 0) K T AP SN B B B
Xl T X e x O XY XK KX e AT s, .
XX, X b xy s s e o ],

S . 1. ¥ (3X0ODOO T ) X’ 1 _hx it DXL
s 43¢ s)yX0ntn ., - x 1Bdbgd v x¢, 1 T XA "0, . L

T O R B L A (o N S T S e I T T [ R, T RN
SO X L T 1d s 4Layvospl o WXL X414 x Tx A
]_) ,,~2.“J Lo :x,,-|sv>< s-|~ St~ 1 v'll.5'|~~53<'- |_-|A"s>s|_x ss,1¢,71x sisq |
x 1l vxs L0 x A S L. HAOS o 4 . ¥ SS(4 T D4 x 6 X
x<.‘\><~ |-'|LX|:X,'|S LI-HXV ><,_6=.|:|;_)><xxJZ:_?,x-||_\,,w\(> Z,_vaX'.|syv:I><xA\><Zv

s . . X ox - {Hyst oss s, {1, WS PRI LasTeTux d o x L 1S
X1 s, 1s oy oy o s b o x4 e b T
Loxo . X L P s 7 X | X o L =x"-|v ZxA‘V\X L
154 . 404, L, sHXAI0{06L010,000 T X, X T Tl x v g T X

DX ] 459X . x "X Ll e L JGRAT 4K T S Xy

L T I R . € N N I RS WA Y NV
X Tx T L e x o P HXS Fd s ] BSOC K L X d L
AshFree) 1" ¥ . x+s .  x1s 4 ] £B0*L « 4"~ d! stox
(L XA LY X ) L F X D Weighti ARDW. x 1 s
:_,(\xvs s)x,_J-Lvss ‘:-|st~‘~';|_0_0~=|><.|1’1‘X’{L§Axsx‘.‘ Lo s X

1w, XLl A s 4 X sBEngd' 9 S L K, BT T BB K4S
Figure D3 4A double plankton net ("Bongo") towed from the boat in deep waters.
Photo: M. Chernihovsky

137



1o s 4.5, M@ 1 P x 1% s 1 z(’fsi,,ix{ s
Ix ] 1., 1+« X X 1 X s | ' x 17X Isx s ”s ™ xX¥ | X« Ix €
B - TR R S R Y DL Sk AR R s fﬁxv
Ll xy s DX KWK s X Ix‘|>< sIIZ,"Iss’l\sxsijs w1
LlX Y s T RQEBA L KeHTS L ss XX x s 3B pX1000MA L _
s., _ S ~ 200m s v .S LI xy s Lo.SX Xvs sxx-|sv 20\1“,,52 X441
167 Zooplankton Astirree Dry weight
14 - -
12 - ]
- 10 |
E
6
ol M
sl
i|§|ﬁ|é|l§|b\|ﬁ| R85 L%|M|$|&|FE|%||
201 201 201 | 201 201 |
j _ Zooplankton AFDW by Size Fracti
61 | [ TT
—5 - - 1
%4_ W T
‘§'3- T T]—
2 - T T
" | s ﬁFﬁTFﬂT ﬂ il h*ﬁm i FFﬁ
52788 §|ﬁ ﬁ|ﬁ|ﬁ|ﬁ|l§|&| l§|
201 | 201 | 201 201
W 200mm MW500mm & 1000mm
Tl T L ixs X Ao s o r 4 HOPO Ard ds| Tex41, 17 -IXBE'\ Toyx X o X € 4
LX T 1 Xxo%)XxTx 200500000 _ P T Lo cx oy s b oxy LoX

s( . . s x
Figure D3 5Monthly zooplankton concentrations at the upper 100m oftie deep sea.
Top 1 all zooplankton, bottomi divided to size fractionsfiltered on 1000, 500 and 200
pm filters (green, red and blue, respectively)

138



L IR PR S BPAE R | DR IURE P2 S | LT SN M RN S (R O I R

~ o~

I R S T S i A R A T P LN L

i T AS, TR s LS T T b N KR 45 oS X iSﬂan1

N A Y S A ST IR I NN S R O BEIN
”YtLLLl‘IVx \\Fbix“X)ﬁ_v-Ith‘I" Flﬂ’”ﬁ*m)ﬁ"HU\:}fs.I” ‘|I—'|'|J’f§9(”m>5A

bl w % 4 ¥ xT (s s
TX T LXK I PRy X T G on i S s o s
ST 4SS Xendn BoxX o 48X X ] {8 H]WXs X {s x4 Bx X
X% X P LT AR K s x X, o % fIXT s L7 s
_J'|'Ix|J-},ZstXxA><§sA1”S IS(X xA X X o« Foloxo "C)XXX,A,§ [
”x¢q@1vs 'IVXXXsL+203?5~ _ootA i o380 s xS
t+,! XsC A x 8, s X 1 .98 « 1] -;k1-|_-| ” s . X o @ % 1

'X*&XUL1:XL20@71"\“XXXIJX11VMH N X
2.0 1 2% x X x *.x 200 @D ) 1

XXX (LB 0N R 447 x4 X . ﬂQ§)4FXﬂx1W ”; Ld 1S
FA LY b1 b 41 RDDAT T LX L KX QS X X KK s

101,20 @0 0 8 " XXX xsX L x %y {Yx 7 x|

ST T AT s X xS s Esy gy ¥ oSk {17 IR s

b4l {H%~X~LF48FH Wptsvjt#1 HAC X 80

DS, sx CAQ @D O G "L ySq4 s xXys
1~'Mﬂ?sxhiT”WHMHWfWHﬁﬁiwwﬂxvA)ZG?Z~X
s L oxsloyqxs: PPsL 2 x A1 X, x 10,4 4481 T 4 x=v\svs'|-|><|_( - X '| s

s I-~ = 1s

~

..'l'

X v ted s AT HEX2Q B Q8 x X xs¥ L x s X LY,

1 ¢ x fpdd, s x I oxobxpx, LS, v ke 4 1%, X% X 3% € X || { . s
I—A.I-I‘ll* AS Fodo VVXVS =SVY'|,SLVS-M¢W}5X11”>4 |-|>{
Pl A 1 X0 1 ) g ¥ WX s 2.0 x 947" X s L { X & O s S)X“

VXAX 008" 4% JXyex, s L, T oy 4" Xy ox

P4 X s b o o s b s L HL wm X X o x %y

:.X”X"]\S }-'IH x o ” .« L L)

T4 x X x X, s XX g Xsestxd Tys o Ix Ixyesh {4l sk
CoX T X, Trfds ”I-‘H‘l” Y LD XX seds M) X s s T o A
Lx 14" s PX "X o, s A

Sy x 15 440 - dtj S5100-0. 0 ok AL X Iy sX K, sXox X
¢« S dieqd s XX XX, ss. 20@008 "s %, 4] « x s b x s . X
S \‘-VL,2012” :XLX x s sy SEd R DS L x s, s\ W DT

~

Sy Ak A S E 18 A L5000 4+ 418 x 1. 41X

139



Fd s o bx 4k 4 <4 <18

s ., 1
Fo |_-|-|Xn_|~s I IXV"L :"I;-lL'ivx.HA*:'*Jr J,'!\Q(’f_
. T S TS S S B PR RPN VNS BT EF R SRS N EEETE S
1 Sbx x4 ] ] s
X 14

DL T s T A 61050 o ) he X o s 4% X % 1 g

~ ~

. cx L x s L x T g :X'XJLSQ”+<)-IL~-||S§‘|--IJ~'AV g !
oo ppxd 40 0 41 o x A x o T ox X oA xflss o AXT 18,
-IVX-ISJ,»'-|1L'1‘”Jl'12>CE2<8505570+-I“VX X 'XX‘XV x4
T 1. Is.x  isxo o 1 W OGTHDE X s X XX
cxbx g o o ox X AL A s P4 e os )
.FA>L F/\)\I
Toe o+ scdls w4 xJa”xs gy sy Sbx b4, o x 7
N ! S LXL S bx o CHgCH ™ D X 4y XXXl X
x e o v dsd s 1s
N 1« 7 .1 _ ux s qLs
X STX)qs:'n”l]sg'k\xL’: 41 7
. L R S T B B TR
X 7 A T T P o N ¥ ix
1 T _ow 7 447 % 4 xx
L~ _ o v 1 txrmiqr
@D obuoy
ﬂ 120 m
D 220 m
@ 350 m
) current
meter
—
\ /
.\'\/ 400 m
AVA
@ 450 m
‘D 570 m
bottom
weights
Txo CBOLBX . rHb T x X JbxT 11 o8B XX ] . T .o

140



” S

Figure D36: The array of sediment traps placed on a mooring line at 605 metedépth ,
at the center of the northern basin of the gulf.
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Figure D37: Particulate fluxes caught in sediment traps since early 201110p monthly
resolution inat depths of 120, 220,50, 450 and 570 meters. Bottondaily resolution
captured in the automatic sampling trap placed at 400 meters depth.
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Figure E4: The meteorological station at the end of the Ul pier.
Description Manufacturer | Model
Wind monitor MA (speed & direction) Young 05106
Air temperatue and relative humidity Campbell HMP45C
Casing for temp & RH Campbell 41003
Barometric pressure Young 61202
Barometric pressure port (to minimize wind effec Young 61002
Global radiation Kipp&Zonen CM11B
UV radiation Apogee SU-100
PAR radiation Li-Cor LI-190SA
Water pressure Campbell CS45
Water temperature Campbell 108
Data logger Campbell CR1000
fo 14 ¥ ExIx ] s L 16 s s X 1Y X LS Sx X4 s s 7 ]

Table E1: Setup of the meteorological station at the end ofhe IUI pier, list of sensors.
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Figure E9: Maximum and minimum (red and blue, respectively) daily water
temperature at ~2m depth.
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