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Chapterr  6 

REHABILITATIN GG THE IMPACT S OF ANTHROPOGENI C 

ACTIVITIE SS BY CONSERVATION MEASURES: 

CANN A SMAL L REEF RESERVE BE SUSTAINABLE MANAGED ? 

Abstract t 

Zoningg schemes that are becoming a primary management tool in large 
marinee reserves are difficult to implement in small reef areas. At the Eilat's 
Corall  Reserve (about 3.4 km long reef at the northern Red Sea), a small-
scalee closure strategy has been initiated since 1992 on about three hundred 
andd fifty meters long coastline while the remaining reef is left open to 
intensee human activities. We investigated for 2.5y Stylophora pistillata 
populationss (3605 coral colonies) in a single locality within the closed area 
(sitee NR) and in two open to the public sites by tossing random quadrates at 
thee trampling zone (0.5-1.5 m depth). In the two open sites we found 
significantlyy higher colony breakage levels (14-34% vs. 4-9% in the closed 
site),, initially lower colony partial mortality levels (in the first 1.5 y; 7-9% 
vs.. 23-30% at the NR), higher recruitment (up to 3.0 vs. up to 0.9 
colonies/m2),, almost half longevity of coral life span (10 vs. 20 y), and new 
cohorts'' estimated extinction period of 9-10 y as compared to >20 y in the 
closedd site. Average colony size 8 cm GMR) and maximal size (9.9 
GMR)) were about half in the open sites. Living coverage fluctuated widely 
inn all sites but was 3 times higher at the closed area (1.0-3.0% vs. 0.3-1.1%). 
Logg transformed size frequency distributions revealed at the open sites a 
shiftt from small towards medium size classes and in the closed site a shift 
fromfrom larger to medium size classes. We conclude that the closure of a 
limitedd core zone as is done in the small Eilat reef reserve is not compatible 
withh the stress imposed by anthropogenic activities, leading to reef 
degradationn in spite of all traditional conservation measures. We suggest 
thatt the use of active restoration approaches such as "gardening coral reefs" 
shouldd be employed as a supplementary tool for the management of small 
andd abused coral reef reserves. 

Keyy Words: Coral mariculture, Coral nurseries, Reef monitoring, Reef 
gardening,, Reef restoration, Reef rehabilitation, Small reef management. 
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Introductio n n 

Onee of the central themes in applied ecology deals with the measures 
forr management of marine and terrestrial ecosystems. In terrestrial 
ecosystems,, much interest has focused into the theoretical and practical 
researchh for management standards (e.g. Soule & Simberloff 1986; 
Christensenn et al. 1996; Stanford & Poole 1996; Thomas 1996; Haeuber & 
Franklinn 1996; Hunter 1996; Redford & Richter 1997; Callicot et al. 1998; 
Mainn et al. 1998; Yaffee 1998; Taylor & Dizon 1999). Established theories 
andd approved management techniques specifically developed for the marine 
environmentt still lag behind, and rely largely on those developed for 
terrestriall  habitats (Dugan & Davis 1993; Polunin & Roberts 1993; Allison 
ett al. 1998; Brailovskaya 1998; Fluharty 2000; Keough & Quinn 2000; 
Nickerson-Tietzee 2000; Rose 2000). Furthermore, a considerable scientific 
uncertaintyy is frequently involved with the choice for proper management 
strategiess in marine reserves (Rose 2000). This is also posed from some life 
historyy traits characteristic to various marine organisms, such as the 
capabilitiess for larvae to migrate geographic distances far greater than the 
protectedd area's size (Allison et al. 1998). Regarding coral reef ecosystems 
muchh is yet to be studied for the proper use of management practices 
althoughh basic biological functions of many coral species such as growth 
rate,, reproduction, and recruitment are already known for various sites 
worldwidee (Risk 1999). For example, in the Caribbean reefs, complex 
surfacee current patterns can lead to variations in the input of pelagic larvae 
byy an order of magnitude (Roberts 1997). Therefore, the mapping of 
connectivityy patterns between Caribbean reefs has a significant management 
value,, further illustrating how very littl e we know about properly managing 
reeff  ecosystems. 

Thee practice of proclaiming marine ecosystems as Marine Protected 
Areass (MPA's) is a primary legislative step in marine conservation (Gubbay 
1995;; Kelleher & Kenchington 1992; Kelleher 1996; Barr & Thornton 
1997;; Tuya et al. 2000). Many of the model MP A's consist of large habitats, 
encompassingg each a variety of coastal and oceanic sites. Examples are the 
Greatt Barrier Reef Marine Park at Australia (GBRMP, Christensen et al. 
1996),, and the three U.S.A National Marine Sanctuaries, the Gray's Reef 
(Sedberryy et al. 1997), Monterey Bay (Jackson 1997), and the Florida Keys 
(Ogdenn 1997). At the GBRMP, the world's largest MP A, a zoning scheme 
hass been applied, with three major zones of management: conservation areas 
(coree zones), permitted use areas (National Park zones), and general use 
zones.. Highly sensitive grounds, e.g. nurseries and spawning sites, further 
receivee special protection measures such as no-use legislation (Christensen 
ett al. 1996). In such large reserves, the zoning system is used as a primary 
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managementt tool to accommodate on the one hand, the protection of unique 
habitatss while resolving on the other hand, social and economic vs. 
protectionn conflicts of interests. 

Smalll  reef areas, as compared to large MPA's, put forward additional 
managementt challenges and require more intensified management activities 
(Schwartzz 1999). They should encompass sufficient habitats as the core area 
too ensure sustainable management, but in contrast to large reserves, where 
additionall  'belts' of managed zones protect the core area (Noss & Harris 
1986),, small reserves' core areas are often directly exposed to recreational 
activitiess and pollution without being sheltered by buffer zones. In few 
casess (e.g. White & Vogt 2000), small reef areas are claimed to be 
successfullyy managed. In many others, however, such as the Coral Nature 
Reservee at Eilat, Northern Red Sea, and the Hikkaduwa Marine Sanctuary at 
Colombo,, Sri Lanka (two small-size MPA's of merely 4 km coastline each 
withh easily accessed coral reefs), fast degradation has been documented 
(Loyaa 1986; Riegel & Velimirov 1991; Fishelson 1995; De-Silva 1997a, b; 
Whitee et al. 1998; Epstein et al. 1999) in spite of the existing management 
practices. . 
Thee Coral Reef Reserve of Eilat, Israel, was considered as one of the most 
diversee reefs worldwide (Loya 1972). Oil and phosphate transport and other 
detrimentall  activities for decades developed chronic pollution in the area 
thatt resulted in reef degradation (Loya 1986; Fishelson 1995). In the last 
decenniaa hotel development and tourist activities such as diving and 
snorkelingg have emerged as the major agents for coral destruction and reef 
declinee in Eilat (Riegel & Velimirov 1991; Wilhelmsson et al. 1998; Epstein 
ett al. 1999), confirming outcomes from other reef sites worldwide (Talge 
1992;; Allison 1996; Chadwick-Furman 1997; Muthiga & McClanahan 
1997;; Ormond et al. 1997; Rouphael & Inglis 1997). In 1992 a "no-use" 
zonee policy was initiated within this small MP A on a restricted scale of ca. 
3500 m long lagoon area (Meshi, pers. comm.) located just north to the 
Underwaterr Observatory (Fig. 1). In the marine environment such a small-
scalee closure system was not put before to neither theoretical nor practical 
evaluationn (e.g. Laffoley 1995; Brailovskaya 1998; Lauck et al. 1998). Six 
yearss later, we have started a monitoring study (Epstein et al. 1999) to 
evaluatee the effectiveness of this measure. We investigated demographic 
propertiess of coral populations within the 'closed to the public' area, 
comparingg to adjacent two areas that are open to the public. 

Here,, we present results of a 2.5y follow-up study on this 'no-use zone' 
area,, implemented at the Coral Nature Reserve at Eilat almost 10 years ago 
andd an assessment for the policy used. Results are discussed with an eye for 
thee possible implementation of novel restoration acts (such as in-situ coral 
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mariculture)) to overcome failures of conventional management measures 
implementedd in small MP A's. 
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Fig.. 1- The northern tip of the Red Sea Gulf. The three study sites, HP (Hotel 
Princes),, MBL (Marine Biology Lab), and NR (Nature Reserve) are indicated with 
arrows. . 

Materia ll  and Methods 

Studyy Area 

Thee fringing coral reef of Eilat is located at the northwestern tip of the 
Gulff  of Eilat and is the most northern extension of the Red Sea reef system 
(Fishelsonn 1995). This reef encompasses two differently managed zones 
(Fig.. 1); the northerly-situated "Hof Almog" Reserve (ca. 1.4 km of coastal 
area),, where a 1.1 km strip is fenced and strictly regulated for the number of 
visitors,, and the southern "Hof Dromi" Reserve (ca. 2 km long) that 
stretchess to the south, towards the Israeli-Egyptian Taba border crossing and 
iss regulated as an open to the public nature reserve (Ortal & Nemtzov 1997). 

Heree we studied the 'trampling zone' (0.5-1.5m depth) at three reef sites 
(Fig.. 1). Two 'open-to-the-public' sites are situated at the Hof Dromi Nature 
Reserve,, the reef in front of the Princes Hotel (site HP), located just across 
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thee Taba border crossing, and the reef in front of the H. Steinitz Marine 
Laboratoryy (site MBL), located 1 km north to HP. At both sites, access to 
thee deep water is possible through walkways, but entrance over the beach is 
allowed.. The third site, the no-use zone of the Eilat's lagoon, is found 
withinn the strictly protected Hof Almog Reserve (site NR), 0.5 km north to 
thee MBL and is restricted for all recreational activities. Limited research 
activitiess are permitted only by snorkeling during high tide. Diving and 
swimmingg are allowed only beyond the reef wall. The entrance to the deep 
reeff  at the whole NR site is strictly confined to walkways and pathways. As 
comparedd to the two open-to-the-public sites, coral trampling is therefore 
largelyy eliminated in the protected NR site. 

Studiedd Species 

StylophoraStylophora pistillata, a branching Indo-Pacific coral species, is one of 
thee most abundant coral species in the northern Gulf of Eilat, dominating the 
lagoon,, rear-reef, and reef-flat coral communities, and occurring in 
abundancee also at the deeper parts of the fore-reef and the slope (Loya 
1972).. It is a species of focal importance in the ecology of the Eilat's reef 
system,, notable for its biological characteristics such as high recruitment 
ratess and re- colonization abilities, rapid growth and development, fast 
regeneration,, early onset of reproduction and long reproductive season, the 
highh number of fish and invertebrates (sponges, anthozoans, polychaetes, 
crustaceans,, mollusks, and more) residing between and above the colony 
branches,, and its major contribution as a reef framework builder due to its 
highh abundance and populations turnover (Loya 1976a,b; Rinkevich & Loya 
1979a,b,, 1987; Rinkevich et al. 1991; Loya 1985; Muscatine et al. 1985). 
Thee branching colony morphology renders its vulnerability to breakage. It is 
thereforee a suitable subject for this monitoring study. 

Dataa Collection 

Thiss study was conducted from May 1998 to October 2000. Each site 
wass sampled 6 times (twice a year) during the months of April-May and 

2 2 
October.. At each site, a total area of app. 400m of the trampling zone was 

2 2 

repetitivelyy sampled, using lm randomly selected quadrates (see Epstein et 
al.. 1999). 

Thiss study evaluates Stylophora pistillata populations. Within each 
quadrate,, height, length, and perpendicular width of all S. pistillata colonies 
weree measured using a plastic caliper (accuracy 1.0 mm). The geometric 
meann radius (GMR, r ) was calculated following Loya (1976a). 
Magnitudess of breakage and partial tissue loss were estimated by evaluating 
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thee size of missing or dead part(s) as percentage of colony volume. To 
efficientlyy evaluate extent of breakage and partial mortality on different size 
categories,, we divided the colonies into five GMR size classes of < 1.1, 1.1-
2.0,, 2.1-4.0, 4.1-10 and >10.1 cm. For linear size frequency distribution 
analyses,, the colonies were divided into size classes of 1 cm GMR intervals, 
ass the average yearly growth rate of this species has been estimated to be ca. 
11 cm GMR (Loya 1976c; Muscatine et al. 1985). 

Log-Transformedd Size-Frequency Distributions 

Too further describe demographic changes in S. pistillata populations 
throughh time, we analyzed the colony size frequency of each population by 
logg transforming the size data (Bak & Meesters 1998). This method is based 
onn the relative change in size (Vermeij & Bak in press), which compensates 
forr the large differences in absolute colony growth between small and large 
coloniess over the same time interval. This method has been particularly 
recommendedd to elucidate structure alterations in populations of degraded 
andd marginal reefs (Bak & Meesters 1999; Meesters et al. 2001). The 
resultingg high-resolution size- frequency distribution better reveals life-
historyy processes of recruitment, juvenile mortality, and partial colony 
death,, particularly due to an increase in the number of small-size classes. 

Inn our study we used a log-transformation with base 2 of the original 
sizee data (In {size}/ In {2} ; Vermeij & Bak, in press). To visualize the 
resultingg size frequency distributions we arbitrarily defined successive size 
classess by choosing an iteration step (i.e time step) over which the size 
increasee was calculated. We chose an iteration step of 0.3 (2"1, 2"07, 2"04, 2" 
01,, 202, 205...) that yielded to the size classes 0.27, 0.33, 0.41, 0.50, 0.62, 
0.76,, 0.93, 1.15, 1.41, 1.74, 2.14, 2.64, 3.25, 4.00, 4.92, 6.06, 7.46, 9.19, 
11.31,13.93,, 17.15, and 21.11 cm GMR respectively. 

Results s 
Betweenn 8-24% of the studied area at each site was analyzed by 

quadratess per census (Table. 1). In total, measurements were taken from 
36055 S. pistillata colonies, 1165 at HP, 1250 at MBL and 1190 at NR in 
308,, 277 and 331 quadrates respectively. Average number of colonies per 
lm22 was not statistically different between the 3 sites (Anova, p>0.05), and 
rangedd 3.6-5.9 at the open sites and 2.9-5.0 colonies/m2 at the NR. The total 
combinedd average colony size at HP and MBL was 1.9  1.8 cm GMR, 
aboutt half that calculated for the protected NR site (4.0  3.9 cm GMR). 
Maximall  colony size reached 9.9 cm GMR at HP and MBL, less than a half 
thatt recorded for the NR (22.4 cm GMR). The calculated total living 
coveragee of S. pistillata populations fluctuated at all three studied sites, but 
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wass almost x3 higher at the protected NR site (1.0- 3.0%) as compared to 
0.33 to 1.1% at the 'open to the public' sites (Table 1). 

Tablee 1. S. pistillata populations: Summery of the six censuses at the HP, 
MBL,, and NR sites during the 2.5 y study. 

Site e 

-Date e 

HP P 
Mayy 98 
Oct.. 98 
Mayy 99 
Oct.. 99 
Mayy 00 
Oct.. 00 

Nr.of f 
Q. . 

48 8 
49 9 
96 6 
49 9 
34 4 
32 2 

Total l 
sampled d 
areaa (%) 

12.0 0 
12.0 0 
24.0 0 
12.0 0 
8.5 5 
8.0 0 

Averagee nr. 
Corals/quadrate e 

(XX  s.d) 

4 4 
2 2 
7 7 
7 7 
5 5 
2 2 

Total l 
nr.. of 

colonies s 

175 5 
171 1 
327 7 
186 6 
163 3 
143 3 

Average e 
colonyy MGR 
(XX  s.d cm) 

9 9 
6 6 
8 8 
0 0 
8 8 
8 8 

S.S. pistilla 
coverag g 
areaa (% 

0.60 0 
0.30 0 
0.31 1 
0.68 8 
1.10 0 
0.71 1 

MBL L 
Mayy 98 
Oct.. 98 
Mayy 99 
Oct.. 99 
Mayy 00 
Octt 00 

51 1 
48 8 
77 7 
31 1 
36 6 
34 4 

13.0 0 
12.0 0 
19.0 0 
8.0 0 
9.0 0 
8.5 5 

5 5 
2 2 
0 0 
1 1 
8 8 
8 8 

214 4 
211 1 
312 2 
183 3 
168 8 
162 2 

1.8=bl.8 8 
6 6 
7 7 
1 1 
4 4 
7 7 

0.42 2 
0.36 6 
0.36 6 
0.89 9 
0.42 2 
0.83 3 

NR R 
Mayy 98 
Oct.. 98 
Mayy 99 
Octt 99 
May.. 00 
Oct.. 00 

69 9 
76 6 
75 5 
32 2 
46 6 
33 3 

17.0 0 
19.0 0 
19.0 0 
8.0 0 
11.5 5 
8.0 0 

6 6 
8 8 
9 9 
3 3 
3 3 
9 9 

242 242 
217 7 
287 7 
159 9 
151 1 
134 4 

4 4 
2 2 
4 4 
0 0 
9 9 
7 7 

1.70 0 
1.00 0 
3.00 0 
2.20 0 
2.30 0 
2.40 0 

Linearr Size Frequency Distributions 

S.S. pistillata populations at the three studied sites were characterized by high 
proportionss of the small-sized colonies (Fig. 2). The two smallest size 
classess (<1.1 and 1.1-2.0 cm GMR, corresponding to the age of up to 2 
years)) confined the majority of the populations, up to 75% at the open sites 
(MBL;; Apr. 99) and 46% at the NR (Oct. 99; Fig. 2). Larger colonies were 
moree abundant at the NR site than in the 'open to the public' sites. Fig. 2 
depictss colony size distributions of up to 10.0 cm GMR, since individuals 
largerr than this size were not found in the HP and MBL. At these locations, 
thee abundance of the group size GMR=6.1-7.0 cm dropped to - 3% and the 
followingg size classes (up to 10.0 cm GMR) decreased to 1%, or were not 
representedd in some censuses. In contrast, at the NR site up to 8% of the 
populationn were counted in the 6.1-7.0 cm size and up to 6% in the 9.1-10.0 
cmm group. In addition, the 10.1-11.0-size class was relatively abundant (4-
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5%% in different censuses) and only the following size classes (up to the 
maximalmaximal size of 22A cm) were reduced to about 1% in abundance. 

DHP P 

I]MBL L 

Fig.. 2- One cm interval size frequency distributions in of S. pistillata populations 
att the trampling zones of the 3 sites along the 2.5 y study. Only the first 10 cm 
classess are given since larger colonies were not found at the HP and MBL (size 
increasee from left to right). 
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Logg Transformed Size Distribution 

Fig.. 3 depicts colony size frequencies in each S. pistillata population for 
successivee growth steps, at the beginning (May '98) and the end of the 
monitoringg period (Oct. '00). A total of 22 growth steps (0.27 to 21.11 cm 
GMR)) were calculated. The results reveal shifts in the relative distributions 
off  the size classes with time at the three studied sites. 

Afterr 2.5 years, the relative frequency distribution of the recruitment 
classess combined (all GMR classes up to 1.15 cm), decreased from May '98 
too Oct. '00 by 14% at the HP, 41% at the MBL, and 13% at the NR site. The 
relativee size class frequency distribution of the combined GMR classes up to 
0.500 cm decreased by 25% at the HP (26.9% to 20.3%), 46% at the MBL 
(29.9%% to 16.2%) and by 14% at the NR (18.2% to 15.7%). This reduction 
wass further noted in the relative frequency distribution of the combined 
0.50-1.155 cm GMR classes at the MBL site where a 35% decrease in 
abundancee was documented (from 21.1% on May '98 to 13.8% on Oct. 
'00).. Further, a relative increase in the frequency distribution of the 
intermediatee size classes was recorded at the open sites after 2.5 years. At 
thee HP site, the size classes 2.64, 3.25 and 4.00 cm GMR increased by 83%, 
40%,, and 51% respectively. At the MBL site the 2.14, 3.25, and 4.00 cm 
GMRR classes increased by 46%, 135%, and 130% respectively. At the 
protectedd NR site, however, the increase in the relative abundance of the 
intermediatee size classes 2.14, 2.64, and 4.0 cm GMR (284%, 80%, and 
116%% respectively) was accompanied by a decrease in the relative 
abundancee of the larger classes 6.06, 7.46, and 9.19 cm GMR by 57%, 39%, 
andd 37% respectively. 

Afterr 2.5 years, therefore, total recruitment (all colonies up to 1.15 cm 
GMR)) decreased at all three studied sites with the largest drop of 41% at 
thee MBL site, the intermediate size classes increased in proportion at all 
sites,, but the larger classes at the protected NR site decreased. 

Partiall  Colony Breakage 

Thee HP and MBL sites exhibited significantly higher numbers of partial 
colonyy breakage (ranging 15-34% and 14-27% of the population 
respectively;; Anova, p< 0.05) than the protected NR (4-9%, Fig. 4a) over 
thee 6 censuses along the 2.5 y study period. An unusual high level of 34% 
andd 27% broken colonies was recorded on May 1998 at both open to the 
publicc sites (Fig. 4a) as compared to only 8% in the NR site. Following the 
otherr 5 censuses, the rate of breakage was reduced, but even though, the 
openn to the public sites revealed at least twice as much higher rates of 
colonyy breakage per census than the protected site. 
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Fig.. 4- Relative impairment of 5. pistillata populations (May '98- Oct. '00) at the 
threee studied areas, measured by: a, partial colony breakage; b, partial colony 
mortality. . 

Thiss outcome is further reflected in the within group size damage 
analysess (Table 2), revealing that the distribution of broken colonies do 
increasee with the increase in colony size in all three sites. In the open-to-the-
publicc sites, 34-79% of the colonies that belonged to the 4.1-10.0 cm size 
classs were partially damaged as compared to 1-5% only in the <1.1 cm 
groupp size (Table 2). There were, nevertheless, considerable differences 
betweenn NR and the open to the public sites. While the proportions of 
damagedd colonies in the smallest group class (< 1.1 cm) were low and 
similarr in all sites (1-5%), in the open sites it increased in the second group 
classs (1.1-2.0 cm; May '98) up to 30% of the colonies as compared to 3-
12%% in the NR (Duncan grouping, p< 0.05). While partial damage 
frequenciess further increased in the open sites in the two larger group sizes, 
itt remained relatively low in the protected NR, except for the group size 
largerr than 10.1 cm GMR, peaking up to a 45% value. 
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Whenn evaluating the breakage impact on individual colonies (Table 2), 
att the open to the public sites usually >30% of the colony, on the average, 
wass damaged (reaching values of >50% colony damage). In the NR the 
figuress fluctuated but were generally lower. Even in the largest group size 
(>10.11 cm GMR, Table 2) the maximal average value of damaged parts 
withinn a single colony was only 30%. 

Partiall  Colony Mortality (PCM) 

Thee NR population exhibited significantly higher (Anova, p<0.05) 
levelss of PCMs (23-30%) than the open to the public sites (up to 12%) 
duringg the first 1.5 years of the study (Fig. 4b) and continued to reveal the 
samee levels for the rest of the studied period, Oct. '99- Oct. '00 (24-28%). 
Inn the two open sites, a sharp increase in the PCM levels was documented as 
off  Oct. '99 (to 17% at HP, 20% at MBL), and as from May 2000, similar 
levelss of PCM were recorded in all three sites (Fig. 4b). With the increase in 
colonyy size, more colonies were affected in all sites (e.g. 21% and 18% of 
thee colonies in the first two size classes vs. 69% in the 4.1-10.0 cm GMR 
classs at the MBL, May '00 census; Table 3). The average colony size of the 
impairedd colonies in the open sites 6 cm GMR) was about half that in 
thee protected NR 5 cm). 

Att the colony level, PCM is expressed as a significant biological 
phenomenon,, which probably reveals a state of colony degradation (where a 
majorr part of a damaged colony is dead) that leads to its demise. For 
example,, the smallest class colonies displayed ca. 75% and 95% PCM in the 
openn to the public and the NR sites respectively, and even in the 4.1-10.0 
cmm size class PCM levels are 23% to 80% of the whole colony (Table 3). 
Thee increase in PCM with time on the population level (Fig. 4b) is also 
reflectedd on the colony level. For example, in the group size 4.1-10.0 cm 
class,, it increased in all sites, from May '98- with relatively benign levels of 
23-34%% PCM on the average, up to ca. 80% PCM on May '00 (Table 3). In 
thee <1.1 cm and the 1.1-2.0 cm classes we found many completely dead 
coloniess (which were not counted and are not included in the analyses). 
Therefore,, the '0' PCM values in small size colonies do not reflect a real 
situationn of healthy populations. It is probable that small colonies that are 
moree vulnerable die faster, curtailing the intermediate PCM phase. 

Recruitmentt And Survivorship: Cohort Analyses 

Heree we analyzed the fate of cohorts based on S. pistillata reproductive 
seasonalityy and colony growth rates. Young S. pistillata colonies add yearly, 
onn the average, about 1.0 cm in GMR (Loya 1976c; Muscatine et al. 1985). 
Followingg the reproductive activities (for details on reproductive seasonality 
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seee Rinkevich & Loya 1979a, b, 1987), colonies of GMR<1.1 cm size class 
foundd in each May census represent the recruitment cohort of the previous 
year.. The analyses of the May census series (3 consecutive reproductive 
seasons,, May 1998-2000) allow us to follow the fate of previous year 
cohortss as follows: Colonies of the GMR <1.1 cm class of May '00 census 
weree considered as last year (1999) recruitment and may be analyzed only 
once.. The 1998 cohort may be analyzed twice, in the May '99 as the <1.1 
cmm class and in May '00 as the 1.1-2.0 cm size class. The year 1997 cohort 
mayy be analyzed in three group sizes, as the < 1.1 cm size class of May '98 
census,, the 1.1-2.0 cm class of May '99 census, and as 2.1-3.0 cm size class 
off  May '00 census. Following that rationale, the fate of previous years 
cohortss is analyzed back not only to year 1992, when the closure measure 
wass initiated, but also back to year 1987 (to a group size of 10.1-11.0 cm 
GMR;; Fig. 5). It may also be evident that some coral colonies were 
"shifted""  from their actual size classes to "younger" classes as a result of 
PCMM and partial colony breakage events (Hughes & Jackson 1980; Bak & 
Meesterss 1998). 

Inn all three sites, the number of colonies per cohort is gradually 
decreasingg with the increase in colony size. The 1992 cohort (the year when 
thee closure was initiated) is present at all the NR May censuses (0.2 
colonies/m22 in the 5.1-6.0, 6.1-7.0, and 7.1-8.0 cm group size classes) but is 
reducedd to 0.1 colonies/m2 in the open sites and is absent at the 7.1-8.0 cm 
classs of the MBL May '00 census. The 1987-91 cohorts already disappeared 
inn the last census (May '00) from both open-to-the-public sites (1988 cohort 
alsoo from HP) while still appearing at levels of 0.05-0.2 colonies/ m2 in the 
NR.. Survivorship in the protected NR is much higher (colonies of the age of 
211 y are still represented) than in the open to the public sites where it takes 
aboutt 9-10 years to any new cohort to become extinct. The 1992 cohort, 
recordedd first in the 5.1-6.0 cm GMR class (May '98), followed by the 6.1-
7.00 and finally in the 7.1-8.0 cm GMR class, is therefore proned to 
extinctionn from the open sites in the following years 2001-02. While 
survivorshipp in the NR site is improved, its recruitment rates are below the 
valuess of the HP and MBL. The 1997-99 recruitment values in NR are 0.6-
0.99 colonies/m2 as compared to 1.0-1.6 colonies/m2 in HP and 1.9-3.0 
colonies/mm in MBL site. 

Fig.. 5 further reveals changes in cohort abundance from one year to 
another.. For example, the HP 1996 cohort that counted 0.8 colonies/m2 in 
thee 1.1-2.0 GMR class (May '98 census) decreased to 0.5 in the 2.1-3.0 
classs (May '99 census) but then increased again to 0.9 in its 3rd year (the 
3.1-4.00 class of the May '00 census). These results are probably due to 
impactss of partial mortality and breakage on larger colonies that 
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consequentlyy were 'shifted' backwards into younger cohorts of smaller size 
categories. . 
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Fig.. 5- A follow-up analysis (May '98-'00) of 13 S. pistillata cohorts from the 
threee studied areas. Numbers above columns denote year of settlement, i.e. the 
19999 cohort of the <1.1 size class was measured on May '00, etc.. 
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Discussion n 

Evaluatingg the effectiveness of measures implemented in marine 
protectedd areas is an essential step in the development of adaptive 
managementt and sustainable conservation strategies (McNeill 1994; 
Stanfordd & Poole 1996; Done & Reichelt 1998; Rose 2000). Here we 
evaluatedd the effectiveness of a limited 'no use zone' policy implemented in 
aa small MPA (the Eilat Coral Reef Reserve) by studying for 2.5 y S. 
pistillatapistillata populations from shallow water trampling zones. 

Ourr major findings were that the S. pistiWata populations in the 
frequentlyfrequently visited HP and MBL sites sustained significantly higher levels of 
corall  breakage (Fig. 4a), and displayed a reduction in the maximal colony 
sizee (Fig. 2) that implies faster extinction rates of adult colonies compared 
withh the protected NR site. Initially, only the core zone (site NR) displayed 
highh levels of partial colony mortality, but with time an increase to similar 
levelss was recorded also at the open sites' populations (Fig. 4b). The 
populationss at the three studied sites displayed large temporal fluctuations in 
livingg area coverage (Table 1). Log-transformed size-frequency distribution 
histogramss (fig. 3) revealed a reduction in recruitment and an increase in the 
relativee abundance of intermediate size class colonies at all three 
populations,, and a decrease in the relative abundance of large colonies at the 
protectedd NR core zone after 2.5 y. Such data are of importance for the 
evaluationn of the conservation strategy implemented at the Eilat reef 
reserve. . 

S.S. pistillata is a fairly small-size, short lived coral species (Loya 1976a). 
Populationss of such a species are characterized by negatively skewed size 
frequencyy distributions, with many small and few large colonies (Babcock 
1991;; Soong 1993; Bak & Meesters 1998, 1999; Meesters et al. 2001). 
However,, on Oct. '00 we documented shifts in the size class frequency 
distributionss towards the intermediate classes at all three sites, and a 
reductionn in abundance of larger colonies at the NR core zone. These shifts, 
furtherr amplified by the high PCM and breakage levels (that reduce 
numberss of individual colonies in the larger size classes; Bak & Meesters 
1998,, 1999) are not the result of the 1992 limited 'no-use' zone policy. This 
partialpartial zoning system, and the implementation of other traditional measures 
forr years in the Eilat reef (diving and snorkel restrictions, establishment of 
walkwayss and pathways for visitors in the reef, collection permits, pollution 
controll  strategies, and more) are probably not efficient in holding the S. 
pistillatapistillata populations in a long-term equilibrium state. The fluctuations in 
thee & pistillata living coverage area (Table 1) as well as in the size 
frequencyy distributions (Fig. 3) documented at the three studied sites may be 
thee outcome of this instability. 
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Ecologicall  stability can be viewed in several ways such as the 
ecosystemm ability to resist forces that act to impose a change on it 
('resistancee stability', Sutherland 1974), or the time elapsed to return to a 
pre-disturbancee state ('resilience', Margalef 1968). In this context, the terms 
'persistence'' and 'constancy' are used to evaluate ecological stability at the 
systemm and the population levels (Christensen et al. 1996; Turner et al. 
1993).. Holling (1996) further suggested that resilience should be viewed as 
thee magnitude of disturbance a system can absorb without the alteration of 
itss variables and essential behavior. The findings discussed above may 
implyy alteration in behavior of the S. pistillata populations, and further 
reflectt reduced resistance-stability and ecosystem-resilience in the Eilats' 
reef,, including the protected core zone of the NR site. This conclusion is 
furtherr supported by unrelated long-term studies on coral community 
structuree in the northern Red Sea (Loya 1972, 1975b, 1986, 1998), where 
thee poor resilience ability of the reef community and its deterioration due to 
humann perturbations were confirmed. Loss of the larger size classes in the S. 
pistillatapistillata populations at the open sites reduces reproductive output, implies a 
seriouss population decline (Hughes & Tanner 2000), and reveals a 
deteriorationn path of an important reef community component. In situ 
planulaee catchments of S. pistillata during 1997-99 (unpubl.) revealed a 
declinee in reproductive activities. If reproductive activity within the 
protectedd NR core zone (that suffers from high partial colony mortality) is 
decreased,, this may inevitably affect also the southerly, down- stream 
situatedd S. pistillata populations of the open sites. The small-scale closure 
policyy in Eilat is thus ineffective in ameliorating various impairments such 
ass in large reef areas. 

Itt is therefore unfortunate that the traditional conservation approaches 
carryy default merits as sustainable tools for small coral reef management. 
Increasingg impacts of human activities at the Eilat Coral Reef Reserve 
wheree about 15 dive clubs are operating further hamper management efforts. 
Sincee no buffer system can be applied in this small reserve, active, site-
specificc rehabilitation and restoration measures are needed. Active 
restorationn strategies such as the 'Reef Gardening' concept where combined 
ex-situex-situ and in-situ coral mariculture methods are employed (Rinkevich 
1995,, 2000; Epstein et al. 2001) represent such a supplementary 
managementt approach for rehabilitation of small, exploited and 
deterioratingg MPA's. 

Inn small and heavily exploited reef reserves, sustainable transplantation 
operationss (where the need to extract natural coral from donor colonies is 
exempted)) are an essential management tool (Edwards & Clark 1998). 
Rinkevichh (1995, 2000) proposed the two-step 'gardening' restoration 
approachh that is based on farming coral recruits in protected underwater 

79 9 



nurseriess before their transplantation into denuded reef areas. Several 
aspectss of this rationale were critically examined recently (Rinkevich 2000; 
Epsteinn et al. 2001). In other coral reefs worldwide similar approaches also 
revealedd the merit of coral mariculture as a means to increase coral stocks 
forr restoration (Bowden-Kerby 1997; Franklin et al 1998). By employing 
efficientt strategies for the development of different coral material for reef 
restorationn (Epstein & Rinkevich, 2001; Epstein et al. 2001), new colonies 
off  S. pistillata may be formed in less than 2 years. Such colonies may go 
throughh sexual maturation with high survivorship rates within a short 
period,, and in a size that may potentially contribute to the reef resistance 
stabilityy and resilience subsequent to transplantation. 

Reef-basedd tourism is incessantly increasing worldwide, and the 
recognitionn in the detrimental effects of recreational activities to reef corals 
iss growing as well (Hawkins & Roberts 1997). Similar to the Eilat Reef 
Reservee case study, many coral reefs worldwide are being exposed now to 
tourismm effects after decades of enduring other damaging anthropogenic 
activitiess and pollution. Global climate change is another factor to consider 
whenn appraising the prospects for coral reefs persistence in the near future 
(Goreauu et al. 2000). During the 1998 El Nino event coral mortality took 
suchh an unprecedented extent that Goreau et al. (2000) suggested it is time 
too consider preserving rare branching coral species in aquariums. 
Restoration-basedd management such as coral man- and- aquaculture may 
potentiallyy enhance the conservation value of conventional management 
strategiess especially in small reef reserves. In an era where reef ecosystems 
aree rapidly deteriorating and their future existence as support systems for 
coastall  human populations is in doubt (McClanahan 1999; Risk 1999) we 
considerr active, sustainable reef restoration strategies as important tools to 
rehabilitatee coral reefs. 
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