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Figure 1. AGRRA survey sites (boldface) in central-southem Quintana Roo, M6xico. 
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-, 111c spatial patterns cif coral 1-ccl'lish recruits txere assessed using a visual census 
iilcthod at thrce scales (subreei's. i.c'c1. and .lreas) between Junc and August. I999 in the 
spur-and-groove habitat of six fore reefs in the Mexican Caribbean. Six thousand thrce 
hui~dred tmenty-seven flsh recruits belonging to 54 species in 30 genera and 18 families 
Mere counted. Slight differences werc Sound i n  con~poxition and density of all species at 
all three spatial scales. A multiple reg~ession analysis indicated statistically significant 
relationships with recruit density that n w r  positive for mean diameter and negative for 
the liveldead ratio of "large" (>25 cm diameter) stony corals. Recruit density may depend 
largely on the intrinsic behavior of cach species in direct relation to food and refuge 
availability, rather than on live coral coverage. 

'The ii-inging coral reefs of the Mexican Caribbean form the northernmost part of' 
the Mesoamri~can Barrier Reef. 'They extend 350 km along the castcrn coast of Qumtana 
Roo state from the northeasierly corner of the Yucatan Peninsula to iis southern frontier 
with Be1ii.e (Fig. 1 ) .  The Sian Ka'an Biosphere Reserve is located in the central-eastern 
portion of Quintana Roo from just south of Tuluin (20" 06' hT, the northern boundaiy of 
Sian Ka'an). to Punta Punticub (19" 05' N). The reserve consists of 538,147 hectares with 
limited access and includes Ascension and Espiritu Santo Bays. About 120,000 hectares 
are coastal and marine environn~ents encon~passing the coral reef zone (GutiCrrez- 
Carbonel et al., 1993). 

Six reefs were sampled as part of the present study, three within the Sian Ka'an 
Biosphere Reserve and three outside the Resei-ve in the southern portion of the Mexican 
Caribbean (Fig. 1). Two of the reserve's reefs are remote from population centers (Boca 
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untn Y y u m ) .  \vhich-has alkrved thcir natmal condition st^ bc lar& conscrvrsd. 
I'he third, I'unta Allen, is situated near thc settlcinent of liojo Goinei. where the principal 
ncti\ it) is a small-scale lobster fishery. 'T\io of the reefs outside of the reserve (Mahahual, 
Xcalak) are located near human settlemcnts ivhere small-scale fishing is the predominant 
actiLrit) although most of  the 11eet.s capture is focused on the opcn sea or at C'hinchorro 
Banh rather than in thc coastal reef rone. The reef at Xahua~xol  has been rclati\rely 
undisturbed anthropogenically. T'he principal fishing methods used are fixed traps. 
trotlines. gill nets and harpoons and these are inostly directed toward capture of 
comincrciall~ important species such as grouper (serranids). barracuda (sphyranids), 
mapper (lutjanids) and grunts (hacmulids). 

Iielatii el! little research has been done on the coral r e d s  in the Mexican 
i.-arihbean and el en less on its reef fisl~cs Earlier studies, predominnntl!. focused on adulr 
f i h  communl t~  structure, ha le  been suinlnarized by Arias-Gon/iler ct al. ( 1  907) and 
h l u a r  et a1 (1097). Iteccntl! Castro (1998) has charactcrircci the fish cornmunit> 
structure ol 'hlahal~ual Rccf'. Nilfiez-Lara (1998) and Niifie;l-Lai-a and Arias-GoivLile~ 
( 1998) ha\ c dcmonstrateci the importance of'ent~roninentnl factors. particularly 
tc,pograpliic c o i n p l c ~ l t ~ .  i n  deterinining ree-f'fish community structure. Arias-(ion~ile/  
(1 998) has created trophic models for a protected and a11 unprotected L O ~ I C .  finding 
important dif'l'crences reflected in fish biomass. Diaz-Ruiz et a1 (1999) presented 
cvidencc that variations in species diversit) and trophic structure are associated v+itli 
sequential habitat use during the life cycle. 

Recruitment is n.idely considered a key structuring process in reef fish 
communities (Doherty and Williams. 1988: Doherty and Fon  ler, 1994). Previous studies 
in the Western Atlantic ha] e fbcused on the fjctors that regulate temporal and spatial 
i~ariabilit? in recruitment such as predation. refuge availability, and habitat use (Shulinan, 
19853. l98Sb: Shult/ and ('omen. 1994: Booth and Beretta. 1994; C'aselle and Wamcr. 
1996). Enhanced understanding of natural fluctuations in recruitment and its relationship 
to coral reef condieions iioulci allow more effcctii e n~anagen~en t  of  fisher) resources. 
This stud! is the first assessment of coral reef fish recruitment patterns at different spatial 
scales in the Mexican Caribbean. Relationships between recruitment and descriptors of 
benthic reef condition are also examined. 

Reef fish recruitment patterns were visually assessed between June 25 and August 
3 1, 1999 on three spatial scales: area, reef and subreef. The central and southern areas of 
Quintana Roo have coastlines that are approximately 100 kin long. Each of these areas 
u a s  represented by threc, strategically chosen reefs (see Ruiz et al., this volume), which 
were separated rrorn one another by about 25-30 km. Every reef was partitioned into three 
representative subreers at approxinlately 1 km intervals. Ten belt transects, each 30 m 
long by 1 in wide, were swum parallel to the coast at a depth of 12 m in the spur-and- 
groove habitat o r  the fore-reef zone by one diver (Gonzilez-Salas) in every subreef. The 
spacing between adjacent transects was about 50 m. To assess the diurnal community of 
juvenile reef fishes, all surveys were made between 09:OO and 14:00 hours. Recruits were 
identified to species, or to the lowest possible taxonomic level. Their size was estimated 



with a ?'-bar. I k h  identifications were based on - t h ~  descriptions of IZandaIf (1 983). - --  

Lindeinan (1 986), Humman (1 994), and Lieske and Myers (1 995). 
Recruitment patterns Mere analyzed on the three spatial scales. Multiple regression 

analysis was used to estimate the relationship between juvenile density and benthic 
variables [total live stony coral cover; total, old, and recent partial-colony mortality, 
liveldead ratio. mean diameter, and perccnt bleached or diseased colonies for "large" (225 
tin di;metcr) s t o q  corals: relative abundancc of macroalgae and turf]. which \\ere 
measured in the same sites by Ruiz et al. (this volume). To el aluate the affinity ofthe 
sampling stations, a multivariate classiiication analysis based on the density ol'the fish 
species \\as niade using the Bray-Curtis distance index (Braj and Curtis. 1957). 
cumplcmented b j  the Unmeighted Pair Grouping h4ethod Average (UPGMA) cluster 
rneth:~l. 1'11~ \ ~ l ~ ~ i ~ t i c  and Gulf Rapid Reef Assessment ( A G I ~ R A )  fishcs constitute a 
subset oi'thc "dl species*' data: in this paper. "serranids'. are specics of i<pii7cphelrt\ 
(c1~iuciing E C I ' I I L ' M I L I I I ~ I  and Ii fzilvlrr. hel-c considered to be Ccphrrlopholi~ crirctr!iriir 
and I' firl~.i~, respec ti\,cl> ) a id  111 i.rri.oper-cw. 

A total of 54 species of reef fish recruits belonging to 30 different genera and 18 
f'amilies were identified in the surveys. No difference was noted in spccies richness at the 
largest spatial scale (Fig. 2), but the central area had reefs with both the highest (Boca 
Paila) and lowest (Punta f411en) numbers of species (Table 1). A total of 6,327 reef fish 
recruits w r e  counted: 3,337 in the central area and 2,990 in the southern area. Hence. the 
'*all species" r.ecruit density mas son~ewhat higher in the central area (Fig. 3). The highest 
densities, found in Boca PaiIa (central area) and Xcalak (southern area). were about t ~ i c e  
that of the l o ~ ~ s t  in Xahuayxol (southern area). The mean "all species" recruit density 
o\ era11 Lvas 1 17 inch idualsll 00in2. 

The 25 most ii-cquently sighted specics (Tablc 2) Ivcre a mixture of herbivores 
lStepasles. S~xrr.ison?o, A~cii7rJiui-~,s, SCUI^Z~S) and carnivores that feed priinarily on the 
benthos ( e  g., Hc~l~choei.e.s, many other gcnera). 

Overall. recruits of the AGRRA herbivores (scarids. acanthurids) were more 
abundant than the AGRRA carnivores (lut~janids>haemulids>serranids as defined above) 
(Table 3). Mean densities of parrotfish (scarid) rccruits were highest in the two most 
northerly reefs of the central area (Boca Paila, Punta Yuyum) and in Mahahual, the most 
northerly reef of the southern area. Surgeonfish (acanthurid) recruits were most common 
in the most southerly reef (Xcalak) and least abundant in Mahahual. 

The multiple regression analysis indicated that the mean diameter and liveldead 
ratio of the 225 cm in diameter stony corals together explained more than 60% of the 
variability in recruit density. The relationship with mean coral diameter was positive (r2= 
0.276, p = 0.02), whereas that with the liveldead ratio was negative (r2= 0.379, p< 0.05) 
(Fig. 4). The remaining variables had no significant relationship with recruit density. 

A numerical classification analysis in Q mode identified five groups of fish 
recruits (Fig. 5). The first includes four subreefs from the southern area and one from the 
central area. The second and fifth groups are restricted to the central area whereas the 
third and fourth are located in the southern area. 
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Figure 2. Species richness of all species ofjuvenile coral reef fishes, by subreef in central-southern 
Quintana Roo, Mexico. See Table 1 for site codes. 
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Figure 3. Mean density (no. individuals11 00 m') of all species of juvenile coral reef fishess by subreef 
in central-southem Quintana Roo, Mexico. See Table 1 for site codes. 
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Figure 4. Regression plot between mean juvenile reef fish density (no. individuals/lOO m') and (A) 
mean stony coral diameter (y=l.O4l+O.O0795374x, r2=0.276, f(l,l6)=6.13, p=.002) and (B) mean stony 
coral liveldead ratio (y=1.73079-0.15325x, r2=0.379, f(1,16)=9.79, p=.006), by subreef in central- 
southern Quintana R ~ O ,  MCxico. 

The similarity in the spl 

DISCUSSION 

cies richness of recruits in the central and southern areas el 
is probably attributable in to the great similarity in their reef structures although 
large-scale physical processes (such as current patterns) should also be taken into 
account. Much of the subreef- and reef-scale variability in reef fish recruitment could be 
related to local, coastal environmental factors. For example, the relatively high values 
found off Boca Baila (northern area) and off Xahuayxol and Xcalak (southern area) were 
all in reefs that are close to lagoons or bays that may serve as sources of recruits. 
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Figure 5. Hierarchical classification analysis of the juvenile fish transect data by subreef in central- 
southern Quintana Roo, MCxico. See Table 1 for site codes. Labels A-E represent groups of sites with 
similar j uvenile fish community structure. 

Whereas adult herbivores (parrotfishes and surgeonfishes) were relatively 
abundant in the more heavily fished reefs where their natural predators are less conmon 
(Nufiez-Lara et al., this volume), the mean density of their recruits showed relatively little 
between-reef variation (Table 3). The relative paucity ofjuvenile snappers and grunts 
compared to adult densities found by Nufiez-Lara et al. (this volun~e) is probably related 
to the strong association of the juveniles with lagoonal systems, particularly in Boca 
Paila, Punta Yuyum and Punta Allen. 

Recruitment variation at any of the three scales is likely to be influenced by one or 
more of the following factors: differential larval availability; differential settlement 
during habitat selection; mortality differences in early, post-settlement stages; or post- 
recruitment movement towards different preferred habitats (Caselle, 1996). The positive 
relationship between recruit density and stony coral diameter suggests that the survival of 
reef fish recruits is enhanced by the greater structural complexity of large corals. Indeed, 
Nemeth (1 998) has recently documented the positive effects of hole and crevice density 
on recruit abundance. The overall negative relationship with the liveldead coral ratio, as 
previously found in St. Croix, U.S. Virgin Islands (Booth and Beretta, 1994; Caselle and 
Warner, 1996) is an indication that recruit density is largely independent of the condition 
of these stony corals. In other words, the dominant factors affecting reef fish recruitment 
apparently are not associated with the benthos condition indicators recorded by Ruiz et 
al. (this volume) but rather with larval input and behavior, as well as the availability of 
refuges and food. If the scales at which recruitment is being carried out are smaller than 
those employed in this study, it will be necessary to measure other variables, such as 
refuge type, or the heterogeneity, size and density of refuges in reef substrata. 
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Table 1. Site information for AGRRA juvenile fish surveys in central-southem Quintaria Roo, M&xico 

Site name 

Central 

Boca Paila North 

Boca Paila Center 

Boca Paila South 

Punta Yuyum North 

Punta Yuyum Center 

Punta Yuyum South 

Punta Allen North 

Punta Allen Center 

Punta Allen South 

Southern 

Mahahual North 

Mahahual Center 

Mahahual South 

Xahuayxol North 

Xahuayxol Center 

Xahuayxol South 

Xcalak North 

Xcalak Center 

Xcalak South 

' ~ r o m  Ruiz et al. (this v 

Site Reef Latitude Longitude Survey Depth 125  crn % live stony 30 m fish Species in transects ( f f )  
code type (" I u N) (O T N W) Date (m) stony corals coral covcr transects "AGRRA" ' Total 

(#/I 0 m)' (mean :t sd) ' .- ( f i )  

BPN Fringing 20 06 51 87 27 23 Aug. 30 99 12 6 15.5 3- 4.5 10 9 20 

BPC Fringing 20 06 2 1 87 27 34 Aug. 31 99 12 6 19.0 A 9.5 10 9 25 

BPS Fringing 20 05 5 1 87 27 47 Aug. 31 99 12 2 8.5 -' 2.5 I0 I I 3 1 

PYN Fringing 19 58 30 87 27 10 Aug. 27 99 12 4.5 10.5 i 5.5 10 7 19 

PYC Fringing 19 58 00 87 27 06 Aug. 26 99 12 4 12.5 i 6.0 10 10 23 

PYS Fringing 19 57 30 87 26 52 Aug. 25 99 12 4.5 10 8 24 10.5 + 6.0 

PAN Fringing 19 50 30 87 26 15 Aug. 20 99 12 4.5 11.5 -1- 3.5 10 8 23 

PAC Fringing 19 50 00 87 26 36 Aug. 21 99 12 4.5 14.5 2: 7.5 10 9 24 

PAS Fringing 19 49 30 87 26 52 Aug. 22 99 12 3.5 10.5 * 3.5 10 7 23 

MN Fringing 18 43 24 87 41 56 June 27 99 12 5 17.0 * 7.0 10 12 24 

MC Fringing 18 43 01 87 42 09 June 26 99 12 4.5 17.0 * 6.0 10 6 16 

MS Fringing 18 42 30 87 42 20 June 25 99 12 6 16.5 i 5.5 10 8 2 3 

XN Fringing I8 30 55 87 45 02 July 20 99 12 3.5 11.5 i- 3.0 10 10 2 3 

XC Fringing 18 30 25 87 45 I3 July 21 99 12 2.5 12.0 5 5.5 10 1 1  25 

XS Fringing 18 29 55 87 45 22 July 22 99 12 3.5 1 1.5 * 5.5 I0 9 26 

XCN Fringing 1 8 1 3 4 3  5 7 4 9 5 1  July1399 12 3.5 0.0 i 4.5 10 1 1  27 

XCC Fringing 1 8 1 3 0 9  8 7 4 9 5 4  Ju ly1499  12 3.5 9.5 :t 3.0 10 8 22 

XCS Fringing 18 12 39 87 49 47 July 15 99 12 3 7.5 -r 4.5 10 10 25 

ume) 



Table 2. Sighting frequency and mean density of the 25 most frequently sight 
fish species in the "all species" belt transect surveys in central-southern Quintana Roo, 
Mexico. * = AGRRA species. 

Species name 

Hulichores garnoti 

"Sprrrisorna ~lrtr?/renatwn 
Thalasorna Difirsciaritm 
Chrom is cyanea 

Stegastes dorwpunicans 
*Scarus iserti /=S. croicensi.~)~ 
Sregastes pluniji-ons 
*Bodinnus rzrjils 
*Cephalopholis cruentnta 

(=Epinephelus crrtentatz!~) ' 
Cleptic~cs parrae 
Halichoeres rnaczr/pinnu 
*Chaetodon capisrrarzis 
Stegastes variabi/i.s 
Pselrdopenezrs mac~tlattrs 
Gmmma loreto 
*Sparisorna radians 
*Sparisonm atornat-ium 
*Lzrtianus apodos 

Sighting frequency (%)I  Ilensity (#I1 00m') 

19 17.50 
14 0.57 
12 0.63 
1 1  0.43 
1 1  0.39 
1 1  0.72 
10 0.76 
10 0.48 
9 1 .OO 

.ansects in which the species was recorded. 'sighting frequency (%) = percentage of tr 
2 ~ e n u s  and/or species names according to Eschmeyer's (1 998) rkvision. 
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Table 3. Density (mean i sfandard deviation) ofjuvenile ACRRA- h h e s  bysite in central- 
southern Quintana Roo, Mexico. 

Site name Herbivores ( W I  001n2) Carnivores (#/I 00m2) Macroalgal 
Acantliuridae Scardae Haemulidae Lutjanidae ~erranidae '  1ndex2 

Central 

Boca Paila N 
Boca Paila C 

Boca Paila S 

Punta Yuy~un N 

Punta Yuyum C 

I'unta Yuq urn S 

i'unra Allen N 
Punta Allen C 

Punta Allen S 

Sordwrrr 

Mahah~lal N 
Mahali~lal C 

Mahahual S 

Xahuayxol N 

Xahuayxol C 

Xahuayxol S 

Xcalak N 

Xcalak C 
Xcalak S 

E~~irzephe1u.s spp. (excluding any E crue~~rrtt is  and E. $ilvu.r) and M~~cteroptrcn  spp. 
' ~ r o r n  Ruiz et al. (this volume) 




