3-D distribution of nongeniculate corallinales: a case study
from a reef crest of South Sinai (Red Sea, Egypt)
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Abstract  An imovative technigue for the estimation of
species and growth-form abundance of coralline algae,
ncluding information on their vitality, was adopted on the
reef crest of Bas Nosmni and Coral Bay, South Sinai. Data
of coralline abundance from visual census and collection of
voucher specimens were plotted on a 3-D skeiched nepre-
sentation of the honzontal and vertical planes of the reef
crest and of its cramnies, Comlline dominance at the two
investigated sites was not significantly different, with val-
ues ranging from 8.55 and 10.06% on the vertical plane and
from 5.3 o 7.17% on the horizontal plane. About one-third
of wal corallines of the South Sinad reef crest was located
in cramies, where the alge are completely overlooked by
routing field survevs. Pink to violet, healthy comllines with
encrusting grow th-form, mainly belonging o fvdrodi thon
onkodes and Neogoniolithon, with subordinate frutome
Lithophyllum botschyanum dominated the mef crest at both
sites. The fticose growth form, wsually associated with
L kotschyvanum, wis more common in the horizontal than
in the wertical plane. Purple, healthy, encrusting
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Sporolithon uncommonly occumed. Whitish, gmy or green
unhealthy or desd corallines were mom common on the
horizontal plane at both sites, possibly resulting from
excessive solar radistion,
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Introdwe ton

Mon-gemiculate comlline algae NCA) are multicellular
plants, heavily calcified by calcite crvstals embedded in the
cell walls, which protect agamst grazing by herbivores and
provide mechanical resistance (Fabricios and Death 2001
They are found in a wide range of climatic belts, from
tmopical o polar, and in light environments mnging from
those of shallvw tropical intertidal reef flats to almost
complete darkness (Fabricius and De’ath 2000 ). Individual
species or genera camnot be distinguished in rapid eco-
logical feld assessment, since their morphology and col-
oration is highly variasble and not diagnostic (Woelkeding
1988). Species identification meguires special staining and
sectioning technigues, followed by light microscopy or
scanning electron microscopy (Woelkerling 1988).

Om coral reefs, light availability and grazing intensity by
herbivores are mojor factors influencing growth rates of
NCA which can be major space occupiers (Steneck and
Testa 1997; Fabricius and De’ath 2000). NCA cover two
key functiomal mles in coml reef envimnments. The most
prominent role is their contribution 1o limestone fomation
and cementatiom of the mef (Littler 1971; Barnes and
Chalker 1990; Macintyre 1997). Rock-hard encrustations
of NCA reinforce the skeletal structures of dead corals and

fill cracks in the reef substrotum thereby maintaining



topographic complexity and reducing reef erosion (Fabri-
ci and De'ath 2001). The second NCA key functional
roke is a3 substratum for the seglement of many benthic
organtims (Seneck and Testa 1997, Fabricius and De ath
2001 ). Changes in NCA shundance on reefs can indicaie
changes in te strocture and functon of coral reef eco-
systems | Steneck and Testa 1997). Shallow zones whene
rates of herbivory and predation are enhanced have the
preatest abundance of shelter-providing calcareons alpae
{Steneck and Testa 1997),

Surveys on coral reefs showed & succesional saquence
of algae and invenelrates. The successional development
of colomzation of a bae sbsirafe stars with an algal
turf of filamentous green algse and ¢ yanobacteris which is
followed by other algse mch 2 NCA, fleshy brown algae,
and sessile reef invenebrates such as soft and hard corals
{Littler and Litiler 1984; McClanshan 1997; Coleman
2003; Diaz-Pulido and MoCook 200d). The relaionship
bemween algse and invenebraies and the role that abiotic
and biotic factors play in mediating, switching the direc-
tion, or armesting the succession of species after disour-
bances, are recently being elucidated (Steneck of al. 1991
Stenack and Dethier 1904; MoClanshan 19971 Corals
benefit from NCA & suiable subsiraies for larval meta-
maorphosis and a5 consolidaiors of the coral budld-up {Bégin
and Steneck 2004; Westmacodt et al. X0

Coral reefs are corrently under serious threats resulting
from a varety of nawral and human disturbances. In the
nonthern Red Sea, sources of contaminants can be grouped
it three ¢ategories: wbandzsiionand tour sm, o, and odwer
indusiria] inpuis (Dicks 1987). The enclosed nature of the
Red Seainconjunction withithe limie d water exchange with
ithe Indian Ooean comiderably redwces the potential for the
dispersion of the pollwants, which is especially tue for the
exiended gulfs of Suez and Agaba (Walker and Ormuwnd
1982; Dicks 1987). The magnificent marine Bfe of the Red
Sea coral reefs is & major economic source of ncome basad
on toursm. Urban development alongside te Egyptian Fed
Ses conds extended very rapidly and the towrism activity
incressed remendmsly during the last years { Katb et al
2001 ). Accordingly, increased activity of coastal consimc-
tion frequently canses sedimentation in adjacent aneas,
leading to degradation of coral communites {(Ormond
1987 The resilience of coral reefs depends on high raies of
coral recruitment. Impacted reefs (increase of nuirents,
reduce in grazing) can undergo a phase-shift from algal borf
o macroalgse, which may meduwce the abundance and
diversty of NCA by fast overgrowth and shadowing, and
consequentdy cavse ashap decline in coral recruits {Adey
19498 Lirman 2001 MeCoak et al. 2000 ; B gin and Steneck
LT

MNongenculate corallines are comidered s one of the
best (pales-) bathymeiric indicairs due to teir general

wide depth distribution on one hand, and semitive reaction
i light conditions on the ofher (Raser and Piller 1997)
Palececological studies based on fossil NCA asaociations
and growth forms suffer from the lack of a good dats hase
of modem examples from different biogeographic regions
(Rasser and Piller 1997),

Smdies of de NCA diswibotion in the Red Sea are
acarce. Rasser and Piller (1997) observed that the assoc-
ations of encruging organdams of the fringing coral reefs of
Safaga (northem Red Sea) ae dominated by coralline algae
bemween O and 35 m depih.

Visual census methods (Sieddard and Johannes 1978)
povide quantitative daia for measuring changes in diver-
sty and abmdance of conspicume species on uppemost
reefl aurfaces. The method allows accurate measumements of
species abundance, thus redocing the errors from inter-
observer variability and achieving more consistent reaulis,
in both spaiial and emporal comtexi (Mumray and Mawre
A1) T ine ndes: dif ferent techndques such as quadrais and
ransects, However, a visual censs misses undersides of
kedoes and cranndes, which are mone commonly colonized
by NCA than uppes surfaces, thus underestimating codal-
line abundance in reefs (Fabricis and De'ath J3001).

This anicle (1) describes a new method of field survey
allowing the recongmeton of the hmee-dimensional dis-
iribution and alundance of corallines, and (2) demonsiraies
its application along the fringing reef cred of two tourist
localities close to Sharm El Sheikh {South Sinad).

Materitals and met lods

The Egyptian Red Sea coast includes more than 1,080 Km
of coral reefs on the wesem side of Gulf of Agaba, both
ddes of Gulf of Swer, and along the proper coas of the Rad
Sea exiending o the Sudsnese border (Kodh et al. 2001)
Climate in the entire Sinal Pendnsula & arid bot Jocalized
heavy rains (especially in winter) can lead to Rashfloods
canmying terrestrial maeral inio the ooean. Air temper shunes
vary from 14°C in winter io 30°C in summer on the average,
but can reach 47°C in e Sharm El Sheikh anea {Geisier
et &l 1906). Due io the climatic conditions, the reefs in the
Gulf of Agaba are among the most northem-ones in the
world (Edwards and Head 1987; Sheppard and Sheppard
1991 ). Inthe Gulf of Agaba, sea surface lemperaiores vary
between 20°C and 26°C, and swrface salinities beiween
A00% and 4051%. (Geister et al. 1996) In order 1o
compemnsake for evaporation loss in the Gulf of Agaba
arface water flows northwands through the Swait of Tiran
from the Red Sea into the Gulf (Geiger et al. 1996).
However, the uppermost (=1 m) surface water layer is
driven southward by the prevailing northerly winds. Aver-
age tidal range is less than 1 m {Reiss and Hottinger 1984)
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Fig. 1 Map of thesmomney area The position of the two sampling sites
is indicated

The NCA surve y was parfarmed along the South- Essem
codst of the Sinal Pendnaula, at the entrance of the Agaba
Gulf, the Tiran Straits, at Ras Nodran (2758,136N,
34725 167E) and at Coral Bay (2755 730N, 3422 014'E)
(Fig. 11

Coral Bay opens i the East into the Strait of Tiran. i is
a amall bay entirely encircled by strongly emded Plesio-
cene meef teraces It has a narrow neef flat, about 40 m in
width, whose procdimal pan i blanketed by mixed car-
bonate-siliciclastic sedimant The reef sruwiwe and hen-
thic zonation conform o the patern in Bterature (Fig. 2a)
{Loya 1972; Edwards and Head 1987, Sheppard and
Sheppand 1991; Gelster et al. 19946; Foth et al. 2000 ).

The Bas MNosrand meef flat is approximately 120 m wide,
and the shore opens wwand the East in front of Tian
Tsland. In this ste the reef stmcture and benthic zonation
alao conform to patern described in the previous smdies
conducied in this area (Fig. 2b) (Loya 1972; Edwarnds and
Head 1987, Sheppard and Sheppard 1991; Gester et al
19046, Koth et al. 2001

At both siies numemos resoris ocour and meefs are
subjected to inkense towist activity by SCUBA diving and
anorkeling.

The audy was performed in May and June 2004, A
GPS-positionad ransect line, 10 m long (Loya 1978) was
atreiched tightly following the depth contour on the neaf
crest. Two replicates were surveyed &t each siie. Data were
caollected by snorkeling and recorded on slates. The transect
was nsed a5 a reference b paition the 50 cm = 50 em
quadrats (Fig 3). Quadrats were placed both on the hori-
zonta] plane and on the venical plane along the neef crest

Baoth the distribution and fe percentage cover of mnon-
mniculae Corallinales were recorded by observaiions on
e vertical and horizontal surfaces of the crest, and down
o 50 cm inside crannies or fiesres of the reef. Each
quadrate was divided into &4 smaller quadrates 625 x
625 em each, in order o facilimie coralline cover quan-
tfication. The algse were classified by color and growih
form &5 ohserved during the field work, by extensive use of
mderwater digital photographs (Table 1). Color was con-
sdered as an index of NCA vitality. Fink-violkt thalli were
consddered typical of healthy and vital corallines. Gray,
green, and while thalli cormespond 1o dead corallines or
reduced photosynthetic activity (ako by pigment degrada-
ton under direct sunlight) {Bressan and Babhini-Benussi
1960,

The three-dimensional NCA distribution was graphi-
cally elaborated by Rhinoceros 30 Evaluation, Adobe
Photoshop 70 softwane. The neef crest of these survey siies
has a dep shape, which can be nepresented in thees-
dimensions (3-D) by a parallelepiped. The coralline data-
hase was used i creaie te 3D Corallinales distribution
and cover on the reef crest, by considering three types of
datn. The first was the NCA perceniage cover on ohser-
vable surface aress of the horizontal and venical planes of
e reef crest refermed i the total surface of the plane. The
second type included the NCA swiace area {em’) inside
crannies and fissures on the horizomnal and vertical planes
af the reef crest Percentage disiribution of coralline caie-
pories from crannies refers to dwe toial srface of detected
corallines, simce the wtal suface of the crannes is
mnknown. Therefore, e data on surface peroentage cover
and on intal srface in cramndes are not conparable since
they are based on different units. The third type cosme-
sponded o the NC A color, a8 indicator of vitality. Thess
different types of data were represented by cireular colored
paiches on the parallelepped which indicate the Coralli-
mles cover in square cemtimeters. In order i improve
oraphic representaiion, data conceming corallines in cran-
mes and fissures (second type) wene summarized into three
sze ranges (Table 2). Each size range was displayed inio
e parallelepiped vdng different cylinders height (5 cm
radiug), which represent the cramdes

At each dite, the quantiative resulis {em™) from surfaces
(hirizontal and venical planes) were melated with those
from cranmes and fissures through a surfacefranny cor-
alline ratio
[Tl + TCvz ) TCiza

whene TC is the total coralline cover in square centimeier
for e horizontal (Hor), ventical (WVent) planes, and cran-
mes (Cra).

For each caegory, several sanples of NCA were col-
kcted and identified by Scanning Electron Microscopy
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Fig. 3 Samplng quxdnte, 50 cm x 50 cm m size

(SEM) at the Milano-Bicocca facilies and by Optical
Microscopy (OM) at the Milano Univessity facilities. SEM
and OM techniques for NCA identification are found in
Basso and Rodondi (2006).

Benthic percentage cover on the reef crest at both sites
was also investigated by Line Intercept Transect (LIT),
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Table 1 Non gemcubite corallme cawgones hased on underwater
observayons of cokor and growthform

Code  Desapton Genmus or category
RoP  Paple encrusting Sparol shon

IVSL  Gloss dwrk violet excrusting S parol ishon

RT Light pink, encrusting Hydrolzhon
RVP Piok-viola encrosting ©o wany  Hydrolvhon

RV Pink-violet, encrusting Neopomiolithon
RTP  Light pink encrasting to warty  Neogowtolithon
RRV  PFink.viola futicose Larhophylum
RRG  Pink yellow frotcose Unbeaithy Lishoph M bew
RA Pink.oran ge encrusting Unheakthy NCA
o Green, encasting Unheakhy NCA
AM White, encrusting Dead NCA

visual census method using a wansect line 10 m long. A
metric tape was tightly placed parallel to shoreline, fol-
lowing the depth contour (English et al. 1997). Four rep-
licate transects were located haphazardly with no overlap
Al any change of the benthic organism or substatum, the



Tahle 2 Three-dimens iomal size ranges for Corallnales peroentage
cover inside cranmies

Sie ange Ecm’) Cylinder height {cmi
0-195 5
195330 10
A0SR 15

transtion podnt in centimeters and the benthos o subsira-
tum categories weane recorded. Details of the LIT medwd
ane given in English et al. {1997,

A gatistical analysis was conducted with e package
Statistica 6.0 ( StatSoft 2001 ). Stdstical differences on the
NCA digribution and shondance between both planes and
altes wene analyzed with non-parametric Kmsdal-Wallis
led.

Results

The iotal survey aea af bah sites i 5 m” for each verical
and horizontal plane.

Dwuring the visual census survey with the Line Interoept
Transect technique, NCA percentage cover was zem al
boih stes {Ras Nosrand and Cosal Bay). Resulis obiained
after the survey with the 3-D tec hnique are detailed below.

Ras Nosrani

The Corallinales total parceniage cover on the Fas Mosrand
reefl cred s 10.6% (SE 7.11) on the venical plane and
5.30% (SE 0800 on the horizontal plane (Fig. 4). The pink-
violet NCA and light pink NCA with encrusting growth
form dominste on the vertical plane (Fig. 5a). On the
horizontal plane the encrusting, light pink NCA dominate,
almg with froticose, pink-yellow MNCA (Fg Sb). The
fruticose coralline algse, althmugh never dominant, are
more alundant on the horizontal plane (1233% SE 9.12)
than on the vertical plane (3204% SE 16.63)

The wvivid pink-viokt Corallinales at Bas Mogrand
comprise T824% (SE 3.29) of the total in the vemical
plane, and 61.82% (SE 1048) on the horizontal plane.
Dead thall {white) ame 13.23% (SE 224) on the venical
plane, and on the horizonial plane pale gray algse are
25.61% (SE 15.28) (Fig. 5a bl. Encrusting growth forms
with pink-violet color also dominaie the oryplic environ-
ment of cranndes and fissures (Fig. 5¢). The whie dead
algae are only 341% (SE 2.15) and pale gray algse are
17.23% (SE 10.12) (Fig. 5c). The resuliing surfaceicranny
coralline ratio is 3.95.

0
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Fig. 4 KA mean percentage cover (+5E) on the resf crest of Ras
Moamani and Coral Bay on the verdal] and horizontal planes

The 3D} representation of e Ras Nosran neef crest
{Fig. fa-d) shows an uneven digrbution of the coralline
categories along both vertical and horizontal planes and in
cranndes. In the first 5 m of the fird transect, pink NCA
dominate (Fig. 6a), whereas between § m and 10 m of the
same transect the pink-viokt NCA thalli are smaller, more
abundant, and concentrated at the end of the transect
Unhealthy corallines (green and gray thall) become
incressingly shundant toward the end of the ransea
{Fig. &b). In the second transect the coralline disribution is
more undform than in the first one, and there is a predomi-
mamoe of MCA in crannies (Fig. &, d)

Coral Bay

Thee Coral linales perceniage cover in the neef crest at Coral
Bay is 8.55% (SE 1.60) on the venical plane and 7.17%
(SE 0.56) on the horizontal plane (Fig. 4). On the venical
plane the two most commaon growth forms, encrusting and
fruticose, are more o les equally represented (Fig. 5a)
The light and violet pink encrusting algae dominate as weall
a5 the violet and yellow-pink fruioose algse. Unhealhy
encrusting corallines {green thalli) are dominant on the
vertical plane, wheress the white (dead) NCA dominste on
e horizontal plane (39.91% SE 8.60) (Fig. 5a, b. On the
hasis of e growth form, encrsting NCA dominae the
vertical plane as well as the horizonial plane. On the basis
af the color, pink-videt algse dominate the verical plane
while on the horizonta] plane white dead algse predominate
(39.91% SE 8.400 (Fig. 5, b). In cranndes and fissures the
pnk-viokt encrsting NCA dominate, whereas no white
dead algae ocour (Fig. 5¢). The nesuling surfaceiranny
coralline ratio is 3.29,

The 3-I» re presentation of the diswbution of Corallinales
at Coral Bay (Fig. Ta—d) shows, as in Bas Mosrand, an
e v distr bt on of the coralline categories along the neaf
crest, on both planes and in cranndes. In the fira § m of the
furst iransect the pink-violet NCA dominate, and they are
clstered in the first half of fe transect whene wnhealhy
{green) coralline algse are also abundant (Fig. Ta). The
seoond pan of fwe fist ransect shows a more wndfiorm
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distribution of MCA than the first one, and the pink-violeat
and light pink thalli always dominate. In dwe hodzontal
plane thene are abundani unhealthy { gray) coralline algae in
the cranndes (Fig. Th). The first 5 m of the second transect
show a denser NCA cover than the other pans of the iwo
transects. Pink-violet coralline algae always dominate and
spme green NCA occur in the crannies, particularly on the
horizontal plane (Fig 7c). The lasi pari of the second
transect shows a undform dstribaion of mainly pink-violet
and light-pink coralline algas. Among the umhealthy NCA,
green and gray thall appear common in crannies on the
vemical and horizontal plane (Fig. 7d).

CORALLINGLES CATEGDRIEE

Himwe ver, analysis of the diswribotion of siles and planes
of the meef cnest by the Kmsla-Wallis non parametric test
shows that no sgndficant dif ferences can be delected on the
distribution of the NCA categories.

Among the specimens analyzed by SEM and OM,
Hydrolithen onkodes (Heydrich) Penrose and Woelkerling
1992, Lithophyllom ket hyenwm Unger 1858 and Meo-
gnioolithon Seichel]l and Mason 1943 were identified as the
most ahundant coralline species ocourring on the reef crest,
while Sporolithen sp. Heydrich 1897 seldom occurs
(Figa # and %. The IRY, IRTP, and IRVP algae (see
Table 1 for Codes) were dentified & Mastophonoddess



Fig. 6 Threedimensional =p of Corallinales distnbution
on the Ras Nosram reef crest. Fach parallelepiped 15 5 m bong, 50 an
wide and 50 cm high.a 05 m of &ie fimt sasect; b 5-10 m of de
fire sasect; ¢ 0-5 m of he sacond anseat;d 5- 10 mof the second
trmsect

(Neagoniolithon cf. brasica-floride or H. onkedes), the
IRT & H. ankodes, the smooth IRoP, and IVSL s Spor-
olithon sp., the RRV as L kosichyamen and the RRG as
unhealhy L kotschyanum. Funher investigations on cor-
alline taxonomy are in rogress.

Discussion

The most important factors known 1o affect the growth of
encrusting Corallinales in the subtidal environment are (1)
light intensity; cnly few species of NCA tolerate bright light
(Johansen 1981) and they show noticeable differences in
their color depending on the characteristics of the light field
(Payri et al 2001); plants under strong solar radiation gen-
erally modify their pigment content © prevent photo dam-
age (Beach and Smith 1996); (2) sedimensution rate: fine
sedimentation ireastens corallines survival by smothering,
since they are dow-growing plants (Dethier and Steneck
2001 (3) hydrodynamics: 3 moderate water movement is
required to keep the coralline surface clean and prevent
poisoning by wakr stagnation (Seneck and Adey 1976;
Wilson et al 2004; Kleypas et al. 2006); (4) imensity and
type of herbivory: amoderate herbivary is vital to corallines

Fig. 7 Three di onal =y of Coralindes distnbation
on e Coral Bay reef gest Fach panlldepiped 5 5 m bong, 50 am
wide, and 50 an hagh. 2 0-5 m of the first tansect; b 5-10 m of e
first s sect; € 0-5 m of the second sanseat; d 5-10 m of the second
Tmsect

since herbivores keep NCA free from excessive over shad-
ing by fast-growing soft algae (Seneck 1983, 1986); (5)
water chemistry. the requirement of NCA in macro and
micreelemenss & not fully understood. They appear © be
ks sensitive than corals to moderate organic pollution and
nutrient incresse (Walker and Ommond 1982; Szmant 2001)
and to be severely inhibited under conditions of ekvated
carbon dioxide concentration (Kuffner et al. 2007).

The apparent differences observed for healthy (vivid
pink-violet algae) and unhealthy (gray, green, and orange
in codor) NCA distribution at the two sites and on the two
planes, however, are not statigtically significant.

Encrusting NCA dominate both verntical and horizontal
planes, in agreement with previows studies of shallow
zones, where the highest rates of herbivory and predation
occur and where the hydrodynamism is stronger than in
aother reef zones (Steneck and Testa 1997, McClamhan
1997, Adey 1998). The abundance of herbivores on the
coral reef regulates the sbundance of other components
such as coral and macroalgae (Seneck and Testa 1997).
Therefore, the greatest abundance of fruticose NCA is
expected in crannies, which are the most sheltered pan of
the reef crest from herbivory, predation, and water move-
ment. On the contrary, crannies were dominated by
encrusting calcareous algse, akhough fruticose NCA were
also abundant. Roaming herbivorous fishes influence algal



Fig. 8 SEM phosogmphs of:

a Sporolishon prychoides
Heydnch 1897 wah a

sporan gl soros;

b Lizhoph i bew ko tschyames
Unger 1858 showing numeroms
secondary pat conmectons
(arrowy; ¢ Hydrolithon omkodes
(Heydnch) Penrose and
Woelkerhing 1992 anipore
taraspomagial conceptacke
showing a tegaspore (T) and
longimdinal calks on $he base of
the concepacle pom canal
(Nack arrow); d Hydrolshon
onkodes showmg horizontally
arran ged tnchocytes (arrow);

e Neogomolishon cf. brassiaa -
JHarida (Harvey) Secchell and
Mxon 1943 Jongmadinal
section of the thalkes showing
coaxial amnagement of the
hypotallum arrow) and

{ Nengomoluhon cf. brassiaa
flonda wit solmary or vertically
arran ged tachocytes (arrow)

succession (McClanshan 1997). Corallines require herbi-
vores to remove fouling filamentous epiphytes in mrbulent
shallow zones (Steneck 1997, Hixon 1988). In the smdy
area, shundant herbivares like some Acanthwidae and
Scaridse promote the succession of species overgrowing
the algal twrf, such as coralline, and other cakareows and
fleshy macroalgae (Seneck 1988). The inverse relationship
between corallines and fleshy mrfalgae may be stressed by

fishid
THHN,

algaltrapped sedimenss smothering the corallines (McCl-
anshan 1997, Adey 1998). Such sediment-wrapping may be
ks effective between the widely-spaced fronds of macro-

algae growing in shallow, wave-exposed fare reef
environments, becanse of the sweeping effect of waker
movement (Steneck 1997).

On the reef crest in Ras Nosrani, the average percentage
cover of turf algae from LIT data was 10.98% (SD 8.80),
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data on macroalgae were not collected and hard corals
represented 29.10% (SD 747). On the reef crest in Caral
Bay they were respectively 038% (SD 0.75), 1.20% (SD
1.17), and 4633% (SD 10.04). Both sies are under the
same hydrodynamic condition and both undergo the same
intensity of human impact Competition between corals and
macroalgae is considered fundamental to overall status of
coral reefs (Littler and Litder 1984; McCook et al. 2001)
and is a critical step in reefs degradation (McCook et al
2001). Decrease of herbivores and incresse of available
nutrients leading to a decline of coral cover comespond to
an incresse of macroalgse (Adey 1998; Lirman 2001;
McCook et al. 2001; Bégin and Seeneck 200d). From this
point of view, the comparison of NCA data recorded by
quadrats with the LIT data suggests hat the reef environ-
ments of Ras Nowani and Coral Bay are very similar and,
since NCA and other macroalgae are recorded & minor
component, these reefs may be considered in good condi-
tion, despite intense tourism along the coast.
Non-geniculaie coralline algse can develop a suite of
diverse growth forms and shapes. They can develop thin,
flat encrusting thalll or thick and massive thalli with

(Harvey) Setchell and Mason 1943 unipomee tetrasporan gl concep-
tcle showing a (T) and hor 1 cells on the hase of the
mepckpmecnll(blad amow), d Neo gomiolshon cf. brassica-
flonda (Harvey) Sewhd] and Mason 1943 with vertically amanged
oichocyies (black arow) and vegetative filaments joinad by cells
fasions (red amow)

laminar surface, or produce a variable number and size of
protuberances (fruticose growth form; Woelkerling et al.
1993). The ecological significance of shapes and growth
forms of agached corallines is still under debate, however,
it seems that 3 combination of species-specific growth
forms and environmental varisbles account for most of the
observed pattems (Reid and Macintyre 1988). According to
Steneck and Adey (1976), attached, densely fruticose talli
occur in sheltered sites, while thalli with few protuberances
are more frequent on the reef crest where water movement
is the highest among all sectors of the reef. The results of
this research confirm this pattern, since the greatest sbun-
dance of encrusting NCA was observed on vertical and
horizontal planes. Although never dominant, the fruticose
forms were more abundant on the horizontal plane, possi-
Ny indicating a bower intensity of wave action or a higher
sedimentation rate. In contrast with Steneck and Adey
(1976), in the sheltered habitat of crannies the most
sbundant category was still the encrusting NCA, while the
fruticose NCA were nat a8 abundant a5 expected. In both
vertical and horizontal planes unheakthy and dead NCA
were more abundant than in the crannies. The crannies are



the most sheltered area of e reef cred, which hawe lower
light inensity and fish predation with respect to the hor-
zontal and vertical planes.

This gudy describes the distribution and abmdance of
MNCA in the cranndes and fissres of the neef. The surface’
cranny coralline ratio suppeds that showt one-thind of the
total NCA on the reef crest occurned in cranmies at both
adtes. In this cryptic habital corallines ane more shundant
than other benthic organtama NCA Alourish in these cryptic
envirmments becanse there is linle competition from oder
members of the meef community, mosi notably, corals,
hydrocorals, sronges, and fleshy algae (Adey and MacIn-
tyre 1973). NCA have rarely been examined quantitatively
or experimentally (Steneck 1997). The LIT allows exclu-
advely the identification of the first visible category under
the iramect line, thenefore failing to spot corallines st both
sites. NCA on the vertical and horizonial surfaces of the
reef crest st Ras Nosrand and Coral Bay went undetected,
comparad with the mean 7.77% (SE (L98) revealed by
quadrates. This meali confirms the olervation that in
many instances the wvisual census techniques severely
underestimates the shundance of coralline algase (Fabricios
amd Dieath 2001}, snoe NCA ane ofien hdden under other
benthic organisms or are recorded & biogenic rock. NCA
ane considered in many ecological, geological, and palae-
ontological sindies; however, it is recognized that their use
as an ecologeal and pakeoscological ool & sill Bmited by
the lack of a good datmbase of modem examples from
different Mogeographic regons {Rasser and Piller 1997). A
proper techngue of data collection on living NCA firom
solid substrate & crucial in building such a database,

Rasser and Piller (1997) reporied four species associa-
tions in their depth zonation of the Northem Red Sea
Folowing Rasser and Piller { 1997) Lithaphyllum bowchy-
amwm 5 dominant on the intertidal reef fats and Hydnoli-
rhow onkodes dominates on the neef crest down o 15 m
depth. Sindlady, the reef crest in Fas Mosrand and Coral
Bay is characterized by Lithophylbon sp. in association
with Hydnolithon. Neagoniolithon sp. i3 ako abundant on
reef crest of these sites, in agreement with Raserand Filler
(1997, Specimens of Sporolithon sp. wene collected ako
on the reef crest, although with low frequency. Despiie a
congdderable degree of variahility, some oomespondence
between color, growth form, and Bxonomy was observed
The fruticose pink-viokt corallines wene invarishly iden-
tified a8 LithophyBwm sp. and the purple and pdnk-violet
emncrusting thalli comesponded o magophorodds. Color and
growth form reslied io be varable among te masioph-
oroids, although purple NCA cormesponded mone often
o Neoponiolithen ap and pink encrusting thalli wene
Hydrolithen ap. The purple, smooth or even glosay NCA
usually comesponded i Sporalithon sp.
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