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Abstract. Anthropogenic disturbances may affect the development and maintenance of coral reefs by promoting 
diseases and other syndromes. In turn, this may cause local decreases in coral species diversity. In this study, we 
compared the prevalence of syndromes (including diseases and non-disease syndromes) and the diversity of stony 
coral species between reefs located close (Sacrificios reef) and far away (Santiaguillo reef) of the port of Veracruz, 
Mexico. The prevalence of syndromes was higher at Sacrificios than at Santiaguillo, and it also increased with the 
abundance of coral colonies at the former reef. On the other hand, coral diversity was lower at Sacrificios than at 
Santiaguillo, suggesting that anthropogenic disturbances, besides promoting diseases and other syndromes, also lead to 
local decreases in species diversity.
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Resumen. Las perturbaciones antropogénicas pueden afectar el desarrollo y mantenimiento de los arrecifes de coral 
mediante la promoción de las enfermedades y otros síndromes. A su vez, esto puede producir un descenso en la diversidad 
local de especies. En este estudio, se comparó la prevalencia de síndromes (tanto aquellos causados por enfermedades, 
como por otros factores) y la diversidad de especies de corales pétreos entre arrecifes ubicados cerca (Sacrificios) y 
lejos (Santiaguillo) del puerto de Veracruz, México. La prevalencia de síndromes fue mayor en Sacrificios que en 
Santiaguillo, y también se incrementó con la abundancia de colonias de coral en Sacrificios. Por otra parte, la diversidad 
de corales fue menor en Sacrificios que en Santiaguillo, sugiriendo que las perturbaciones antropogénicas, además de 
promover las enfermedades y otros síndromes, también disminuyen localmente la diversidad de especies.

Palabras clave: biodiversidad, blanqueamiento, conservación, enfermedades, golfo de México.

Introduction

Coral reefs are biogenic marine structures composed 
by hermatypic scleractinian organisms (Phylum Cnidaria: 

Class Anthozoa) and their calcareous deposits (Sebens, 
1994). They are usually composed by colonies of several 
species and provide food, habitat, substrate and shelter for 
other organisms (Loya, 1972; Porter, 1972; Connell, 1978). 
For these reasons, coral reefs are considered the most 
diverse and complex ecosystems of marine environments, 
and they are the target of international conservation efforts 
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(International Society for Reef Studies, 2004). 
The diversity and cover of these reefs have declined 

over the past few decades (Sebens, 1994). Such changes 
have been attributed to multiple factors, including direct and 
indirect impacts of anthropogenic disturbances (Porter and 
Meier, 1992; Sebens, 1994; Ostrander et al., 2000; Garzón-
Ferreira et al., 2001; Nyström and Folke, 2001; Sandin 
et al., 2008). Global climate change is the main indirect 
human-induced disturbance affecting corals (Brown, 1997; 
Harvell et al., 1999, 2002; Graham et al., 2006; Bruno et 
al., 2007). However, while this factor affects marine biota 
at large temporal scales, local anthropic disturbances are 
expected to have short-term impacts on corals (Harvell et 
al., 2002; Nyenzi and Lefale, 2006; Bruno et al., 2007). 

Coral reefs located near cities or highly industrialized 
areas are known to be strongly affected by local 
anthropogenic disturbances. This is due to the increased 
loading of sediments, nutrients (e.g., nitrogen and 
phosphorus) and contaminants (heavy metals, pesticides 
and fertilizers) into oceans (Sebens, 1994; Connell, 1997; 
Guzmán and Guevara, 1998; Gómez et al., 2001; Porter et 
al., 2001; Martínez and Acosta, 2005). These disturbances, 
in turn, may increase the mortality of reef-forming corals 
by promoting diseases (e.g., etiologies caused by fungus, 
bacteria and viruses) and/or non-disease syndromes that 
preclude the performance of polyps (e.g., bleaching) 
(Richmond, 1993; Harvell et al., 1999, 2002; Nyström and 
Folke, 2001; Pandolfi, 2002; Bruno et al., 2003; Aronson et 
al., 2005). Under this scenario, the impacts of diseases and 
other syndromes should decrease with increased distance 
to human-impacted areas, leading to higher diversity of 
coral species. If so, the reefs located far away from human 
settlements should be the target of marine biodiversity 
conservation efforts, acting as core sites within larger 
natural protected areas. However, the reefs located near 
human-disturbed sites must also be included within these 
protected areas, being the focus of restoration actions and 
rational use. This strategy would allow the sustainable 
of  marine protected areas, as stated by the Mexican legal 
regulations (Ley General del Equilibrio Ecológico y la 
Protección al Ambiente, Diario Official de la Federación, 
2008).

In this study we focused on a natural protected, the 
Veracruz Reef System National Park area located in the 
Gulf of Mexico.  The reefs that compose this system differ 
in their distances to the city and the port of Veracruz, and 
it has been suggested that those reefs closer to the port are 
highly degraded (Instituto Nacional de Ecología, 2005). In 
order to test our hypothesis, we assessed the prevalence 
of syndromes and the diversity of species of 2 shallow 
stony coral assemblages located at different distances 
from the city of Veracruz. We focused on shallow coral 

assemblages because, although they are more susceptible 
to anthropogenic disturbances (Hernández-Delgado et al., 
2008) and they usually show faster recovery rates than 
those coral assemblages at higher depths (Pastorok and 
Bilyard, 1985).

Materials and methods

Study area. The Veracruz Reef System National Park is 
located in the southwestern section of Gulf of Mexico, in 
the continental shelf of the state of Veracruz. It has 52 238 
ha and is composed by 23 reefs distributed across the 
municipalities of Veracruz, Boca del Río and Alvarado 
(Horta-Puga et al., 2007; Tunnel, 2007). The port of Veracruz 
concentrates up to 30% of the maritime commercial traffic 
of Mexico but, besides this intense marine traffic, several 
industries (textile, metallurgic and food) also dump their 
residues in the ocean, together with part of the city sewage. 
Furthermore, 3 main rivers (Papaloapan, La Antigua and 
Jamapa) discharge their waters in this area, contributing 
with sediments, heavy metals, agricultural and industrial 
contaminants and sewage loads from inland cities (Rosales-
Hoz et al., 2007). Other impacts include ship groundings, 
oil spills and overfishing (Martínez-Caballero, 2007). 

This study was focused on 2 coral reefs of the Veracruz 
Reef System: Sacrificios (19°10’26’’ N; 96°05’32’’ W) and 
Santiaguillo (19°08’30’’ N; 95°48’35’’ W). The Sacrificios 
reef belongs to the northern section of the system, located 
2.4km to the south-east of the terminal ports of Veracruz. It 
covers 0.4 km2 and is mainly composed by coral rubble and 
sand (Tunnel, 2007). This reef has a small cay at its southern 
section, densely vegetated with exotic grasses (Tunnel, 
2007), where a lighthouse was established 4 centuries 
ago (Vargas-Hernández et al., 1993). The Sacrificios reef 
is of particular interest since it was the target of human 
activities for many years. Ever since the Spanish conquest, 
people extracted the madreporic substrate of this reef for 
constructing houses, fortresses, and other defenses for the 
city (Carricart-Gavnivet, 1998). In second half to the 20th 
century, this reef was one of the main centers for scuba 
tourism in Veracruz. However, the continuous degradation 
led the closing of this reef to the tourism in 1982 (Horta-
Puga and Barba-Santos 2006). Currently, the Sacrificos 
reef is directly affected by pollutants of the port and the 
City of Veracruz, as well as the sewage discharges of the 
treatment plant at Bahía de Vergara, located near the port 
(Rosales-Hoz et al., 2009).

The Santiaguillo reef, on the other hand, is located 19.7 
km to the south-east of the city of Veracruz and belongs to 
the southern section of the Reef System. It covers 1.0 km2 
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and lies offshore from the fishing village of Antón Lizardo 
(Tunnel, 2007). The reef has a small cay, almost totally 
composed of coral rubble, and shows no vegetation except 
for Sesuvium sp. (sea purslane) (Tunnel, 2007). Although 
the reef has a lighthouse on its cay, it shows no signs of coral 
extraction and seems to be one of the best preserved of this 
systems (M. A. M. Román-Vives, personal observation). 
Furthermore, although there are no formal studies about 
the impacts of pollutants at Santiaguillo, it is feasible that 
the impact of sewage discharges and pollutants are lower 
than at Sacrificios due to the remoteness of this reef (Linton 
et al., 2002; Horta-Puga, 2007; Jones et al., 2008).

Sampling. Both reefs were sampled in summer of 
2006 to assess the prevalence of syndromes and the local 
diversity of stony corals. For this, 3 100m parallel transect 
lines located at 3, 6 and 9 m depth were laid out at the 
windward exposure of each reef. Three additional transects 
were laid out at the leeward exposure of the reefs following 
the same procedure (6 transects per reef in total). The 
starting point of transects was randomly chosen at each 
reef exposure. Transects were divided into 10 equivalent 
segments (10m long each) and 5 sampling plots of 20 m2 
were established on each transect (see Fig. 1 for details). 

of syndromes differed between the reefs of Sacrificios 
and Santiaguillo, we conducted Chi-square tests for 2 x 2 
contingency tables. We first compared the total frequency 
of coral colonies affected by syndromes between reefs. 
Later, a similar analysis was used to compare the prevalence 
of each kind of syndrome between reefs. Finally, the 
prevalence of syndromes was compared between reefs for 
each coral species. Nevertheless, these later comparisons 
were not performed using the Chi-square test because some 
species showed very low numbers of colonies affected by 
syndromes (< 5; see Table 1) and, therefore, the results 
may be strongly biased. Instead, we used the Fisher’s exact 
test for performing these comparisons. 

We later assessed if the prevalence of syndromes 
at each reef was related to the abundance of colonies 
of each coral species, and these relationships were 
compared between reefs. For this, a multiple regression 
analysis with categorical variables was performed. In this 
analysis, the number of colonies of each coral species 
affected by syndromes was the dependent variable, the 
total number of colonies of the respective coral species 
was the continuous predictive variable, and the reefs 
(Sacrificios vs. Santiaguillo) constituted the 2 levels of 
the categorical predictive variable. The regression model 
also included a multiplicative interaction term between 
predictive variables to account for differences in the 
slopes of regression functions obtained for each level of 
the categorical variable (Neter et al., 1996). This analysis 
allowed for an estimate of a linear regression function for 
the relationships between the number of colonies affected 
by syndromes and the total number of colonies at each 
reef. Furthermore, these functions are indicated to differ 
if the estimated parameters (intercepts or slopes) show 
significant differences between reefs. Differences between 
regression parameters were assessed with t-tests (Neter et 
al., 1996). All analyses described above were conducted 
with the software R 2.3 (R development Core Team, 2005).

To determine whether diversity of coral species varied 
between Sacrificios and Santiaguillo, we estimated the 
species richness (S), the index of proportional diversity 
of Shannon-Wiener (H’) and a dominance index (D) for 
each reef. To avoid biases due to differences in sampling 
efforts, which may occur because differences in the total 
number of colonies detected at each reef and/or differences 
in the cover of coral species, all these community attributes 
were computed by using individual-based rarefactions 
(Gotelli and Colwell, 2001). Since coral colonies may 
contain millions of individuals, community attributes 
were calculated considering each colony as an individual. 
Rarefactions analyses are based in Montecarlo resampling, 
where S, H’ and D are estimated as the sampling size (i.e., 
the number of colonies in a resample = n) decreases from a 

All coral colonies within sampling plots were identified 
to the lowest taxonomic level that was possible in the field 
following the criteria proposed by Humann and DeLoach 
(2001). The number of colonies of each species was 
counted to estimate their abundances. During sampling, 
it was also assessed whether each colony was healthy or 
not and, in the later case, the kind of syndrome affecting 
the respective colony was recorded (descriptions and 
pictures of syndromes are in the Appendix). Sampling was 
carried out by direct immersion with scuba diving gear and 
determinations of coral species were performed in the field 
by 2 observers. Data from windward and leeward exposures 
of each reef were later pooled in a single database for 
performing the analyses. We used this method because we 
were interested in performing comparisons among reefs, 
but not between different exposures of the reefs.
Statistical analyses. To determine whether the prevalence 

Figure 1. Sampling design used to determine the abundance of 
coral species; sampling plots (in black) were 10m long x 2m 
wide, spaced 10m from each other along the 100 m transects.
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maximum value that is determined by the total number of 
individuals (N) detected in the sample (Gotelli and Colwell, 
2001). Rarefactions were performed with the software 
EcoSim 7.72 (Gotelli and Entsminger, 2005), and each value 
of S, H’ and D was computed 1,000 times for each value of 
n, from N to 1 individuals. The 1,000 values of S estimated 
at each level of n were then averaged to estimate the mean 
species richness at each sampling size. The Shannon-Wiener 
diversity index for each of the 1,000 resamples of size n was 
calculated using natural logarithms as

Plague, Dark-Spot and Tumors (this last category included 
hyperplasy and neoplasy). Additionally, Bleaching, Old 
Dead and one unidentified syndrome, which we called 
Paleness, were detected on corals. Description of diseases 
and the other syndromes are given in the Appendix. 

The total prevalence of bad health coral conditions 
was significantly higher at Sacrificios than at Santiaguillo 
(Table 1). Indeed, in the specific analyses, 5 species 
that were present in both reefs (Madracis decactis, 
M. cavernosa, Porites astreoides, P. porites and 
Stephanocoenia michelinii) showed significantly higher 
prevalence of syndromes at the Sacrificios reef (Table 
1). No shared species showed a higher prevalence of bad 
health conditions at the Santiaguillo reef.

The most common syndromes affecting coral colonies 
in both reefs were Old Death and Bleaching, but they 
showed significantly higher values of prevalence at 
Sacrificios than at Santiaguillo (Fig. 2). At the former reef, 
the species with the highest abundance (M. cavernosa) 
showed higher prevalence of syndromes than other less 
abundant species (Table 1). In contrast, the colonies of 

Figure 2. Prevalence of the different diseases and non-disease 
syndromes that affect corals in the reefs of Sacrificios (black bars) 
and Santiaguillo (white bars). Significant statistical differences 
are indicated in the figure (critical  for statistical differences = 
0.05; * = p < 0.05; ** = p < 0.01).

were pi is the proportion of individuals of the ith species 
in the sample (Magurran, 2004); the 1,000 values of H’ 
estimated at each level of n were then averaged. The 
species dominance index (D) was calculated as the 
fraction of the (resampled) collection that was represented 
by the most common species at each rarefaction run 
(Gotelli and Entsminger, 2005), and it was estimated 
in the same way than described for S and H’. To assess 
variations in community attributes as the number of coral 
colonies included in resamples decreases from N to 1, we 
constructed rarefaction curves by plotting the average 
values of S, H’ and D against their respective values of 
n. It is important to note that, if these rarefaction curves 
reach an asymptote, it can be assumed that the sampling 
size was large enough to fully capture the diversity and 
composition of the target species assemblages (Colwell 
and Coddington, 1994). To assess statistical differences in 
coral species diversity between reefs, the 95% confidence 
intervals were calculated for each community attribute at 
each value of n, and significant differences between reefs 
were assumed if their confidence intervals did not overlap 
(Gotelli and Entsminger, 2005). Since N may vary among 
reefs, all statistical comparisons were performed at similar 
values of n (Gotelli and Colwell, 2001). 

Results

At the Sacrificios reef, a total of 18 stony coral species 
were detected, while 21 species were recorded at the 
Santiaguillo reef; 17 species were shared between reefs 
(Table 1). The most abundant species at Sacrificios was 
Montastraea cavernosa, which was found at both reefs 
(Table 1). On the other hand, the most common species 
at Santiaguillo was Agaricia agaricites, which was only 
detected at this reef (Table 1). Three well recognized 
diseases were recorded in the reefs under study: White 
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the most abundant species at the Santiaguillo reef (A. 
agaricites) showed no signs of bad conditions (Table 1). 

Multiple regression analyses indicated that the 
prevalence of diseases and other syndromes increased 
with the number of colonies of the different coral species 
(goodness of fit ANOVA: F3,40 = 49.738; p < 0.001; R2 = 
0.788). Significant differences were detected between 
slopes of regression functions obtained at each reef (t1,40 
= 7.102; p < 0.001), indicating that this relationship 
was stepper at Sacrificios than at Santiaguillo (Fig. 3). 
No differences were observed between the intercepts 
of regression functions (t1,40 = 0.429; p = 0.670). This 
indicates that the less abundant species are slightly affected 
by diseases and other syndromes in both reefs.

Rarefaction curves for all community attributes 
(species richness, diversity and dominance) reached 
asymptotes after 400 individuals (Fig. 4). This indicates 
that the sampling effort performed in the field was large 
enough to fully capture the variability in composition and 
diversity of the shallow coral assemblages. Moreover, 
all community attributes showed significant differences 
between the reefs (Fig. 4). The species richness and the 
Shannon-Wiener index were higher at the Santiaguillo reef 

Figure 3. Relationships between the total number of colonies of 
each coral species and the respective number of colonies affected 
by syndromes at the reefs of Sacrificios (black symbols - solid 
line) and Santiaguillo (white symbols - dashed line). Regression 
functions obtained for each reef are shown in the figure (Af. = 
number of colonies affected by diseases; Tot. = total number of 
colonies). 

Figure 4. Rarefaction curves indicating the average values (±95% 
confidence intervals) of coral species richness (A), the Shannon-
Wiener index of proportional diversity (B) and species dominance 
(C) estimated at each sampling size (number of individuals) for 
Sacrificios (black symbols) and Santiaguillo (white symbols). 
Significant differences were assumed if 95% confidence intervals 
did not overlap between reefs at a given number of individuals.

468.indd   5 15/03/2011   08:51:56 p.m.



254 Gutiérrez-Ruiz et al.- Anthropogenic disturbances on coral diversity

Sa
cr

ifi
ci

os
Sa

nt
ia

gu
ill

o

Fa
m

ily
Sp

ec
ie

s
H

ea
lth

y
BC

C
To

ta
l

H
ea

lth
y

BC
C

To
ta

l
p-

va
lu

e

A
cr

op
or

id
ae

Ac
ro

po
ra

 c
er

vi
co

rn
is

 (L
am

ar
ck

 1
81

6)
0

0
0

39
0

39
N

A

A
cr

op
or

id
ae

 
Ac

ro
po

ra
 p

al
m

at
a 

(L
am

ar
ck

 1
81

6)
0

0
0

9
2

11
N

A

A
ga

ric
iid

ae
Ag

ar
ic

ia
 a

ga
ri

ci
te

s (
Li

nn
ae

us
 1

75
8)

0
0

0
31

7
0

31
7

N
A

A
ga

ric
iid

ae
Ag

ar
ic

ia
 la

m
ar

ck
i (

M
iln

e 
Ed

w
ar

ds
 e

t H
ai

m
e 

18
51

)
2

0
2

6
0

6
N

A

Fa
vi

id
ae

C
ol

po
ph

yl
lia

 n
at

an
s (

H
ou

ttu
yn

 1
77

2)
76

19
95

41
10

51
0.

65
5

Fa
vi

id
ae

D
ip

lo
ri

a 
cl

iv
os

a 
(E

lli
s e

t S
ol

an
de

r 1
78

6)
16

0
16

14
1

15
0.

58
2

Fa
vi

id
ae

D
ip

lo
ri

a 
st

ri
go

sa
 (D

an
a 

18
48

)
26

12
38

32
7

39
0.

24
8

Po
ci

llo
po

rid
ae

M
ad

ra
ci

s d
ec

ac
tis

 (L
ym

an
 1

85
9)

6
9

15
7

0
7

0.
00

4

M
ill

ep
or

id
ae

M
ill

ep
or

a 
al

ci
co

rn
is

 (L
in

ne
us

 1
75

8)
14

2
16

10
0

10
0.

16
3

Fa
vi

id
ae

M
on

ta
st

ra
ea

 a
nn

ul
ar

is
 (E

lli
s e

t S
ol

an
de

r 1
78

6)
8

3
11

15
2

17
0.

28
1

Fa
vi

id
ae

M
on

ta
st

ra
ea

 c
av

er
no

sa
 (L

in
ne

o 
17

66
)

30
3

46
34

9
63

3
66

0.
03

1

Fa
vi

id
ae

M
on

ta
st

ra
ea

 fa
ve

ol
at

a 
(E

lli
s e

t S
ol

an
de

r 1
78

6)
13

3
16

79
11

90
0.

69
3

Fa
vi

id
ae

M
on

ta
st

ra
ea

 fr
an

ks
i (

G
re

go
ry

 1
89

5)
0

0
0

1
0

1
N

A

M
us

si
da

e
M

us
sa

 a
ng

ul
os

a 
(P

al
la

s 1
76

6)
7

0
7

45
0

45
N

A

O
cu

lin
id

ae
O

cu
lin

a 
di

ffu
sa

 (P
ra

hl
 e

t E
rh

ar
dt

 1
98

5)
28

6
34

5
0

5
0.

24
1

O
cu

lin
id

ae
O

cu
lin

a 
va

ri
co

sa
 (L

es
eu

r 1
82

0)
5

2
7

0
0

0
N

A

Po
rit

id
ae

Po
ri

te
s a

st
re

oi
de

s (
La

m
ar

ck
 1

81
6)

80
11

91
61

1
62

0.
00

8

Po
rit

id
ae

 
Po

ri
te

s p
or

ite
s (

Pa
lla

s 1
76

6)
2

1
3

13
0

13
0.

01
5

M
us

si
da

e
Sc

ol
ym

ia
 sp

.
2

0
2

1
0

1
N

A

Si
de

ra
st

re
id

ae
Si

de
ra

st
re

a 
ra

di
an

s (
Pa

lla
s 1

76
6)

81
24

10
5

31
4

35
0.

19
3

Si
de

ra
st

re
id

ae
Si

de
ra

st
re

a 
si

de
re

a 
(E

lli
s e

t S
ol

an
de

r 1
78

6)
26

11
37

9
2

11
0.

50
9

A
st

ro
co

en
iid

ae
St

ep
ha

no
co

en
ia

 m
ic

he
lin

ii 
(M

iln
e 

Ed
w

ar
ds

 e
t H

ai
m

e 
18

48
)

30
24

54
10

0
10

0.
00

2

To
ta

l n
um

be
r 

of
 c

ol
on

ie
s

72
5

17
3

89
8

80
8

43
85

1
0.

00
0

Ta
bl

e 
1.

 P
re

va
le

nc
e 

of
 b

ad
 c

or
al

 c
on

di
tio

ns
 (B

C
C

) i
n 

th
e 

re
ef

s o
f S

ac
rifi

ci
os

 a
nd

 S
an

tia
gu

ill
o.

 T
he

 ta
bl

e 
in

di
ca

te
s t

he
 to

ta
l n

um
be

r o
f c

ol
on

ie
s o

f e
ac

h 
co

ra
l s

pe
ci

es
 d

et
ec

te
d 

at
 e

ac
h 

re
ef

, t
he

 n
um

be
r o

f c
ol

on
ie

s a
ffe

ct
ed

 b
y 

ba
d 

co
nd

iti
on

s a
nd

 th
e 

nu
m

be
r o

f h
ea

lth
y 

co
lo

ni
es

. T
he

 p
-v

al
ue

 o
bt

ai
ne

d 
in

 th
e 

Fi
sh

er
’s

 e
xa

ct
 te

st
s p

er
fo

rm
ed

 to
 c

om
pa

re
 th

e 
pr

ev
al

en
ce

 o
f b

ad
 c

on
di

tio
ns

 b
et

w
ee

n 
re

ef
s i

s i
nd

ic
at

ed
 in

 th
e 

la
st

 c
ol

um
n 

(c
rit

ic
al

 a
 =

 0
.0

5;
 N

A
 =

 c
om

pa
ris

on
 n

ot
 a

llo
w

ed
 b

ec
au

se
 th

e 
sp

ec
ie

s w
as

 o
nl

y 
de

te
ct

ed
 a

t o
ne

 re
ef

 
or

 it
 d

oe
s n

ot
 sh

ow
n 

co
lo

ni
es

 w
ith

 B
C

C
 a

t a
ny

 re
ef

)

468.indd   6 15/03/2011   08:51:56 p.m.



255Revista Mexicana de Biodiversidad 82: 249-260, 2011

than at the Sacrificios reef, while the species dominance 
was lower in the former reef. 

Discussion

This study indicates that assemblages of stony corals at 
the Sacrificios reef are more affected by diseases and other 
syndromes than those at the Santiaguillo reef. Moreover, 
the analyses of all community attributes indicated that the 
coral diversity is higher at Santiaguillo. These results may 
be explained, in part, by the fact that the northern section 
of this reef system is near to the city of Veracruz, and 
these reefs have been heavily impacted by humans over 
the last 4 centuries. In contrast, the reefs offshore near 
Antón Lizardo, in the southern section of the Veracruz 
Reef System, are in better conservation conditions since 
they are not within commercial routes of navigation or 
subjected to strong tourism activities (Chávez et al., 2007).

Several authors have pointed out that increases in 
bad health coral conditions lead to increased mortality, 
causing changes in species composition of reefs and 
declines in local species diversity (Connell, 1997; 
Allison et al., 2003; Aronson et al., 2005). The sewage 
discharges near the port of Veracruz may be one of the 
main responsible factors causing the highest impact of 
coral syndromes at the Sacrificios reef. Sewage dumping 
leads to nutrient enrichment of waters and may increase 
coral mortality by boosting bacterial infections (Pastorok 
and Bilyard, 1985; Bruno et al., 2003). Moreover, sewage 
also increases suspended solid sediments in the water 
column and the concentration of toxic substances, which 
may cause the expulsion of symbiotic zooxanthellae algae 
and, consequently, lead to bleaching and death of coral 
organisms (Garzón-Ferreira et al., 2001; Szmant, 2002). 

The most common syndrome affecting coral colonies 
was, however, Old Death. This syndrome, while it is 
not considered a disease caused by microorganism (e.g., 
bacteria), is an important abnormal condition that affected 
corals in both studied reefs. It is easy to identify because 
colonies, or parts of them, are covered with a thick layer of 
sediments and algae but, once this layer is scraped off, coral 
skeletons show signs that indicate that the death of polyps 
was not recent. This syndrome is probably associated with 
increased sedimentation and the subsequent invasion by 
turf algal-sediment mats, which is a space-competition 
process between corals and algae that can kill the whole 
coral colonies (Dustan, 1999; Roy, 2004). However, since 
we were unable to determine whether the Old Death 
syndrome was caused by invading algae or other causes, 
in this study we have referred it as a single syndrome. 

Irrespectively of its causes, this syndrome is very common 
along the Veracruz Reef System and its high prevalence 
was related to the recurrent natural disturbances that affect 
this region, such as hurricanes and the cold north winds 
that predominate during the winter months (Horta-Puga, 
2003). Therefore, the commonness of the Old Death 
could be a consequence of cumulative events over several 
years (Ronzón-Rodríguez and Vargas-Hernádez, 2007). 
However, our analyses indicated that the prevalence of 
this syndrome was 10 times higher at Sacrificios than at 
Santiaguillo. Therefore, it is feasible that the increased 
sedimentation and pollution rates reported near to the 
Veracruz city enhance the prevalence of this syndrome at 
the Sacrificios reef. 

The differences in the prevalence of coral syndromes 
between reefs could be due to the higher susceptibility of a 
few species rather than the whole coral community. In the 
analyses of the specific impact of coral syndromes, just 5 
of the 16 species that were shared between reefs showed 
higher frequency of affected colonies at the Sacrificios 
reef (see Table 1). This suggests that some species are 
more vulnerable than others to syndromes. Also, while 
the prevalence of these conditions was a function of 
the abundance of each coral species at Sacrificios, this 
relationship was not detected at Santiaguillo. This means 
that the probability of collecting randomly an affected or 
healthy coral at Sacrificios, is a function of the species and 
its abundance. In contrast, at Santiaguillo, such an affect 
seems not depend on the coral species or its abundance. 
Thus, the factors that preclude coral survival seem to have 
deeper impacts on those species that are more abundant 
at the Sacrificios reef, while they appear to be density-
independent at the Santiaguillo reef.

Although this study is limited to the shallow coral 
species assemblages, the results contradict those of some 
studies previously conducted in this reef system. For 
example, Horta-Puga (2003) reported that the prevalence 
of the Old Death syndrome at Sacrificios oscillates 
between 35% and 43%. In our study, the prevalence of 
this syndrome was lower than 13% at this reef. This author 
also reported lower values of bleaching (among 1.0% and 
4.5%) than this study (6%) for the Sacrificios reef. Finally, 
Horta-Puga (2003) indicated that no coral colony was 
affected by diseases (white plague, tumors, dark spot or 
others) at this reef. Our results, in contrast, indicated that 
up to 1% of coral colonies at Sacrificios, and up to 6% at 
Santiaguillo, were affected by some of these diseases. The 
higher frequency of diseases at the Santiaguillo than at the 
Sacrificios reef concurs with the results of a recent study 
conducted by Rangel-Avalos et al. (2008). These authors 
indicated that the stony corals of reefs located closer to the 
city of Veracruz are more affected by diseases than those 
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closer to Antón Lizardo. Moreover, they indicated that the 
Dark -Spot is the most prevalent disease on reefs at the 
Antón Lizardo section, and our results also support this 
suggestion. 

Comparisons of community attributes suggest strong 
differences in diversity and structural composition of 
coralline communities associated to the studied reefs. 
Four species were only detected at the Santiaguillo reef 
(Acropora cervicornis, A. palmata, A. agaricites and 
Montastraea franksi), and their absence at the Sacrificios 
reef may cause the observed decline in richness at this 
reef. This suggestion is reinforced by the fact that the 
accumulated number of species in rarefaction curves 
reached an asymptote at relatively low numbers of 
individuals (ca. 300 individuals), so as the differences in 
species richness between reefs are not likely related with 
insufficient sampling effort. This allows the suggestion 
that these 4 species were present in Sacrificios in the past, 
but they became extinct as human intervention increased 
over time.

The Sacrificios reef also showed higher values of 
species dominance than the Santiaguillo reef. These 
differences may be also related with greater impacts of 
human activities and the elevated prevalence of syndromes 
affecting corals at the later reef. For example, the local 
extinction of a previously dominant species in Sacrificios 
may have released space for the recruitment of subordinate 
species, which become dominant in this new, highly 
impacted environment. Evidence for this, is that the 
dominant species at the Santiaguillo reef was not recorded 
at Sacrificios. 

These differences in species richness and dominance 
could be related to the observed differences in the values of 
the index of proportional diversity of Shannon-Wiener (H’). 
This index is positively related with increases in species 
richness, while it is negatively related with increases in 
species dominance (Stirling and Wilsey, 2001). As a result, 
the lower values of the H’ obtained at the Sacrificios reef 
can be a consequence of both, the reduced species richness 
and the elevated dominance observed at this site. 

The Caribbean Sea and the Gulf of Mexico are 
considered as hot-spots of coral diseases due to the high 
frequency of epizootic events and fast emergence of 
new diseases (Harvel et al., 1999). Thus, urgent research 
addressing the causes and potential consequences of this 
phenomenon is required. Within this framework, our study 
suggests that human-induced disturbances are promoting 
the prevalence of coral syndromes. Moreover, we also 
suggest that such an effect may be linked to the observed 
decline in coral diversity at reefs located near to the city 
of Veracruz. It is important to indicate that conservation 
efforts should focus on the reefs located further away from 

sources of anthropogenic disturbances (i.e., Santiaguillo), 
which would maintain healthier environmental conditions 
and, consequently, higher coral diversity. On the other hand, 
environmental impact assessment and risk evaluations 
should be conducted as soon as possible to determine the 
possibilities of restoring reefs at the northern sections of 
this system (i.e., Sacrificios).

This study suggests that the distance to the source 
of anthropogenic disturbances is, putatively, a factor 
that promotes the prevalence of coral syndromes while 
decreases the diversity of these communities. However, 
it is important to recognize that both diseases and coral 
diversity may be also influenced by differences in the 
oceanographic conditions that affect the reefs of this 
system (see Salas-Pérez and Granados-Baraba, 2008; 
Ortiz-Lozano et al. 2009). Therefore, more research is 
required in order to determine the exact causes of the 
observed patters of diseases and diversity of corals in the 
Veracruz Reef System.
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(A) White Plague Disease: This disease is recognized by tissue 
loss that begins at the base or margin of the colony, or next 
to a previously diseased area. A sharp line separates healthy 
tissue from the bare skeleton. A fine, but distinct, narrow band 
of bleached tissue may separate normal, fully pigmented 
tissue from the white, exposed skeleton. Two forms of White 
Plague have been described: White Plague type I and White 
Plague type II. The symptoms of both disease forms are 
similar, but the type II spreads more rapidly and may kill 
a coral colony in just one to two days; White Plague type 
I advances only a few millimeters each day. This disease is 
presumed to be a bacterial infection, although the pathogen 
remains unidentified (Humann and Deloach 2003). A colony 
of Montastraea cavernosa affected by this disease can be 
appreciated in the figure (A) at the end of the appendix.

(B) Bleaching: Bleaching results in the loss of the symbiotic 
algae (zooxanthellae) contained within coral tissue, or in the 
reduction of the photosynthetic pigments of the zooxanthellae 
that give the coral its normal color. In either case, the coral 
appears lighter in color, mottled or white. The causes of this 
bad coral condition are a widespread range of environmental 
stressors, such as increased water temperature, elevated solar 
radiation, sedimentation, pollution, increased salinity among 
others (Humann and Deloach 2003; Dahlgren 2005). A 
colony of Colpophyllia natans affected by this condition can 
be appreciated in the figure (B) at the end of the appendix.

(C) Tumors or irregular growths: Hyperplasy and neoplasy are 
included in this category. Hyperplasy is recognized as an 
area of the colony with accelerated growth of polyps, which 
results in distortion and other malformations of the colony. 
Neoplasy, on the other hand, is recognized as an irregular, 

calcified mass of skeleton that projects above the surface of 
the colony. It is covered with undifferentiated tissue that lacks 
symbiotic algae and the structural organization of normal 
tissue that makes individual polyps unrecognizable. This 
condition may slowly advance upward and outward as tissue 
in the center of the tumor dies (Humann and Deloach 2003). 
At the end of the appendix, hyperplasy can be appreciated 
on a colony of Colpophyllia natans (C1) and neoplasy on a 
colony of Montastraea cavernosa (C2).

(D) Dark-spot Disease: This disease can be identified as circular 
to irregular areas of pale discolored tissue with darkened 
polyps, or spots, in the middle of normal tissue and/or 
at the edge of the colony. Discolored tissue spreads as 
the affected tissue dies. The causes of this disease remain 
unknown (Humann and Deloach 2003; Santavy 2007). A 
colony of Siderastrea siderea affected by this disease can be 
appreciated in the figure (D) at the end of the appendix.

(E) Old Death: The coral colonies are covered with a thick 
layer of sediments and algae. Once this layer is taken off, 
the coral skeleton can be appreciated, showing signs that the 
death of polyps was not recent. This bad coral condition is 
probably associated with increased sedimentation. A colony 
of Montastraea cavernosa affected by this condition can be 
appreciated in the figure (E) at the end of the appendix.

(F) Paleness:  This bad coral condition is evidenced by a pale-
yellow coloration at some parts of the colony, showing no 
bands in the surroundings of the affected tissue. The causes 
of this disease remain unknown, but could be a part of 
problems associated with bleaching. A colony of Montastraea 
cavernosa affected by this bad condition can be appreciated 
in the figure (F) at the end of the appendix.

Appendix. Description of diseases and other syndromes detected at the reefs of Sacrificios and Santiaguillo, Veracruz Reef System 
Marine National Park, Mexico. Pictures by C.V. Gutiérrez-Ruiz and M.A.M. Román-Vives.

468.indd   11 15/03/2011   08:51:57 p.m.



260 Gutiérrez-Ruiz et al.- Anthropogenic disturbances on coral diversity

468.indd   12 15/03/2011   08:51:57 p.m.


