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Seawater turbidity and fish communities on coral
reefs of Puerto Rico
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ABSTRACT: We investigated the variations of reef fish assemblages on coral reefs that experience
different turbidity regimes, by assessing the association between the vertical extinction coefficient
for photosynthetically active radiation (Kd PAR) and communities of fishes and corals at 21 reef sites
in La Parguera, southwest Puerto Rico. Statistical correlations and non-metric multidimensional
scaling (NMS) identified turbidity as an important environmental parameter affecting ecological
processes on coral reefs, as reflected by changes in the composition and abundance of reef fishes
and benthic communities. Lower fish density and species richness was found at turbid sites. Turbidity was also negatively correlated to percent coral cover, which together with rugosity, were
additional habitat parameters shaping reef fish assemblages. Bluehead wrasse Thalassoma bifasciatum and yellowtail damselfish Microspathodon chrysurus were species rarely present at turbid
sites and abundant at clear ones. The yellowtail hamlet Hypoplectrus chlorurus and sharknose
goby Elacatinus evelynae had the opposite distribution along the turbidity gradient. We identified
seawater turbidity as an additional predictor of the reef fish community structure in La Parguera,
in addition to live coral cover and reef rugosity. Because coral reefs and reef fishes were less complex (lower rugosity, less species richness, less diversity) in more turbid sites, managing for clear
water conditions within the coastal area of La Parguera should lead to improved ecosystem resilience and stability, and should become a primary goal of management.
KEY WORDS: Coral reef · Fish community · Turbidity · Vertical attenuation · Coefficient of
light (Kd)
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Tropical coastal regions are increasingly affected
by anthropogenic disturbances such as urban and
industrial development, population pressure, poor
land-use practices, and the extensive exploitation of
marine resources (Gardner et al. 2003, Hughes et al.
2010). These stressors alter the dispersal of water,
sediments, nutrients and contaminants, often reducing coastal water quality and affecting marine
ecosystems. Although reef organisms are adapted to
tolerate variations in water quality, e.g. corals, zooxanthellae (Rogers 1983), fish (Amesbury 1981), barnacles (Wolanski et al. 2003), and algae (Fabricius et

al. 2005), when critical thresholds are exceeded they
may be adversely affected. Because coral reefs support multiple products and services (Moberg & Folke
1999), their deterioration results in real ecological
and economic loss. Human stresses in coastal areas
are predicted to increase (Cohen 2003); hence the
need to enhance knowledge of the interacting physical and biological factors affecting the structure of
reef assemblages. Over recent decades, suspended
sediments and eutrophication in Puerto Rico have
increased and caused higher seawater turbidity than
in the past (Morelock et al. 2001, Warne et al. 2005,
Ryan et al. 2008). Turbidity refers to the loss of water
clarity and is caused by suspended organic and inor-
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ganic particulates in the water column, such as sedipossible to control for all of these factors. Turbidity
ments, tannins, bacteria or plankton, as well as by
was measured as the extinction coefficient of photodissolved organic compounds. Turbidity is an imporsynthetic active radiation (Kd PAR). This coefficient
quantifies the rate at which light is attenuated with
tant ecological variable determining fish distribution
increasing depth. This information can be used to
(Amesbury 1981, Fabricius et al. 2005, Mallela et al.
improve conservation strategies that control environ2007). In excess, turbidity can disrupt basic physiomental effects on coral reefs.
logical functions such as respiration, growth, or feeding (Meager et al. 2005). Most fishes depend on
visual cues as a main source of sensory information
MATERIALS AND METHODS
and, therefore, reduced light intensity due to turbidity has the potential to change fish social and mating
Study area
behavior (Järvenpää & Lindström 2004), affecting
predator avoidance and foraging success (Leahy et
This study was conducted between February and
al. 2011). As a consequence, increased turbidity that
October 2005 at 21 reef sites along La Parguera,
significantly lowers light intensity can reduce fish
southwest Puerto Rico (Fig. 1). The distribution of
abundance and diversity (Amesbury 1981, Mallela et
coral reef habitats in the area was determined using
al. 2007) and modify trophic structures (Harmelinthe Puerto Rico benthic habitat characterizations of
Vivien 1992).
Kendall et al. (2001). Using existing bathymetry data,
The reduction in light penetration and photosyn10 m depth contours were created using Spatial Anathetically active radiation (PAR) available for benthic
lyst and these were combined with reef habitats
primary producers (e.g. algae) due to increased turwithin ArcMap 9.1 to select potential sampling reef
bidity can also affect the distribution and abundance
sites at 10 m depth. The final sampling sites were
of reef organisms, with deleterious consequences in
selected to obtain coverage of areas of known differthe ecosystem balance (Souter & Linden 2000). Fishes
ing seawater turbidity.
that specialize on coral reefs for food or habitat are
highly susceptible to disturbances that
affect these systems (Wilson et al.
2006). Thus, fish community parameters, such as abundance and diversity,
are usually correlated with specific
habitat features, such as live coral
cover (Lewis 1997, Syms & Jones
2000), complexity (Risk 1972, Friedlander & Parrish 1998, Kuffner et al.
2007) and density of macroalgae
(Levin 1993). However, there are also
feedback mechanisms whereby the
fish community may have a significant
role in maintaining reef function, for
example through herbivory (Mumby
2006, Burkepile & Hay 2008), bioerosion (Ceccarelli et al. 2001) or nutrient
and energy cycling. Thus, coral reef
ecosystems can be evaluated in terms
of fish abundance and the composition
of fish assemblages.
Fig. 1. La Parguera, southwest Puerto Rico, showing coral reef areas (dark
We sought to understand how coral
gray), sampling sites on the reefs, and turbidity of the seawater at the samreef fish assemblages vary in relation
pling sites, measured as the extinction coefficient of photosynthetic active radiation (Kd PAR): h clear (Kd PAR ≤ 0.17 m−1); j turbid (Kd PAR ≥ 0.20 m−1); interto turbidity levels. Although several
mediate (Kd PAR = 0.18 to 0.19 m−1). Sampling sites codes: San Cristobal (SC), El
processes, such as sediment and nutriPalo (EP), the Pinnacles (TP), Margarita (MR1, MR2), Media Luna (ML), Laurel
ent runoff, phytoplankton blooms, and
(LA1, LA2), Turrumote (TU), Phosphorescent Bay (PB), Romero (RO1, RO2,
sediment resuspension can affect reef
RO3), East Station (ES), Enmedio (AE), Caracoles (CA), Enrique (EN), Mario
turbidity, within this study it was not
(MA), Isla Cueva (IC), and Turrumote II (TII1, TII2)
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Reef habitats south of La Parguera have developed
on a broad carbonate shelf, with emergent fringing
reefs, bank-barrier reefs and submerged patch reefs
(Kendall et al. 2001, Morelock et al. 2001). Because
there are no rivers discharging directly along this
coast (Ewel & Whitmore 1973), waters are generally
clear; however, reefs located east of La Parguera are
affected by river plumes coming from Guanica and
Guayanilla, ~15 and 30 km up-current respectively,
resulting in a variety of seawater turbidity levels
within the area. Similarly, salinities at eastern reefs,
such as Romero, can sporadically decline in response
to significant increases in freshwater runoff after
strong storm events (Otero 2009).

Field methods
Vertical profiles of PAR were obtained from underwater light measurements taken at 1 m intervals from
the surface to 10 m depth using a submersible irradiance meter (Li-Cor). In order to standardize the
characterization of site specific turbidity, irradiance
measures were made only between 08:00 and 10:00 h
on days with clear skies and light winds. Sampling
was omitted 2 to 3 d after heavy rains or strong winds
to avoid bias from sporadic events. The Kd PAR values
(m−1) were estimated following Beer’s Law as:
Kd PAR = ln Ed(z) = −Kd(z) + ln Ed(0)

(1)

where Ed(z) is the ascendant irradiance at depth z
(m), and Ed(0) is the ascendant irradiance at 0 m
depth, measured underwater as close as possible to
water surface. Per site through time, 6 to 9 measurements were obtained, including wet and dry season,
to consider possible temporal variability in Kd values.
Although the number of Kd measures was limited,
turbidity categorization was similar to that reported
by Cardona-Maldonado (2008) for La Parguera reefs.
The fish community was characterized using an
adaptation of the underwater visual census method
(UVC) of Brock (1954) standardized to 15 min per
transect. Fish were identified and enumerated at
10 m depth within 6 replicate belt-transects at each
site. Fish species saturation curves showed that few
species were added after the sixth transect at all stations. Because water turbidity varied between sites,
and the minimum visibility was ~10 m, transect
dimensions were standardized to 10 × 3 m2 (180 m2
per site), to ensure sufficient visibility for fish observation and identification at all sites. Large mobile fish
were counted first to minimize possible diver avoidance bias. Fish species were classified into 1 of 6
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trophic groups (zooplanktivore, herbivore, sessile
invertebrate feeder, mobile invertebrate feeder,
omnivore and piscivore) following Randall (1967).
The benthic composition and percent live coral
cover at 10 m depth was determined along 6 replicate 10 m line transects at each site (Loya 1972). A
plastic tape measure was laid along reef surface
and all live coral species beneath the tape were
identified to the lowest possible taxon. The lengths
(cm) of each species under the tape measure were
summed, and converted to percentages of the total
transect length. Reef rugosity was calculated using
the ratio of the horizontal distance (x m) of a chain
laid over the reef structure divided by the total
chain length (6 m)x:6. Fish, coral, rugosity and turbidity data at each site was collected on the same
day, every 3 mo. Additional turbidity measurements
were taken on different days to add more observations of this parameter throughout the study period.
Because sites were located using a field GPS, data
was taken in the same reef but not exactly in the
same place. A pooled overall average for each variable was obtained by site.

Data analysis
Species diversity was calculated using the Shannon-Wiener diversity index (Ludwig & Reynolds
1988) as H’ = −Σ Pi ln Pi, where Pi is the proportion of
the total number of individuals occurring in species i.
Logarithmic transformations [log(x + 1)] were applied
to fish density data given their large variability.
Because fish densities per 30 m2 were low, they are
reported as per 100 m2. Normality was corroborated
using a Kolmogorov-Smirnov 1-sample test and
homogeneity of variance by a Levene’s test. To
examine the association between reefs and water
quality, correlations among seawater turbidity, Kd PAR,
and fish and coral community structure (density, species richness, diversity, and density of trophic groups)
were tested using linear regressions, compensated
by Bonferroni corrections (p < 0.005). In addition, a
correlation matrix of all the variables was constructed (Table 2), and partial correlations were
developed among Kd PAR and the fish variables, controlling for coral cover and rugosity (see Tables 2 & 3
in ‘Results’).
Due to the non-parametric nature of the data, multivariate analysis was employed to evaluate the variation in fish species composition and abundance
among varying seawater turbidity types, using nonmetric multidimensional scaling (NMS) ordination

analysis in PC-ORD version 5.0 (McCune
& Mefford 2006). The relationships of
ordination scores to multiple potentially
influential variables (physical or biophysical: Kd PAR, rugosity; biological: live
coral coverage, coral species richness)
were examined with linear relationships
depicted as joint plots. Multiresponse
permutation procedure (MRPP), a nonparametric multivariate test for group
differences, i.e.was used to evaluate
compositional differences of fish assemblages in seawaters of varying turbity
(McCune & Mefford 2006). Both MRPP
analyses and ordination used the
Sorensen distance measure on untransformed mean fish densities (number of
fish per transect) of all observed species.
Species most frequent and abundant in
clear and turbid waters were identified
using indicator species analysis in PCORD (McCune & Mefford 2006). Compositional analyses were conducted at the
species level.

RESULTS

Seawater turbidity

Varying seawater turbidity levels characterized the 21 sampling sites at La Parguera with Kd PAR values ranging from
0.16 to 0.26 m−1 (Table 1, Fig. 1). Therefore, turbidity was classified into 3
groups using natural breaks in GIS: clear
(Kd PAR ≤ 0.17 m–1), intermediate (Kd PAR =
0.18 to 0.19 m–1) and turbid waters (Kd PAR
≥ 0.20 m–1). Clear water was found offshore westward, at San Cristobal (SC), El
Palo (EP), The Pinnacles (TP), Margarita
(MR1, MR2), Media Luna (ML), Laurel
(LA1) and Turrumote (TU). An exception
to this pattern was Phosphorescent Bay
(PB), which had clear waters, despite
being located close to land. Turbid water
was observed at nearshore eastward
areas such as Romero (RO2, RO3), East Station (ES),
Enmedio (AE), Caracoles (CA), Enrique (EN), and
Mario (MA). Sites with intermediate turbidity, Isla
Cueva (IC), Laurel (LA2), Turrumote II (TII1, TII2),
and Romero (RO1) were located between turbid and
clear sites.

EPa
SCa
TPa
MR1
PB
MR2
ML
TU
LA1a
RO1
TII2
IC
TII1
LA2
ENa
RO2
AE
CAa
RO3a
MA
ES

Sampling
site

0.16 ± 0.05
0.16 ± 0.03
0.16 ± 0.02
0.17 ± 0.02
0.17 ± 0.02
0.17 ± 0.02
0.17 ± 0.01
0.17 ± 0.02
0.17 ± 0.03
0.18 ± 0.05
0.18 ± 0.01
0.19 ± 0.01
0.19 ± 0.01
0.19 ± 0.04
0.20 ± 0.06
0.21 ± 0.01
0.22 ± 0.05
0.22 ± 0.02
0.22 ± 0.05
0.23 ± 0.11
0.26 ± 0.03

Kd PAR

143 ± 11
133 ± 34
87 ± 6
163 ± 26
143 ± 15
120 ± 8
113 ± 18
107 ± 23
90 ± 33
107 ± 14
73 ± 12
150 ± 30
67 ± 6
63 ± 8
90 ± 9
90 ± 15
63 ± 9
67 ± 8
60 ± 10
60 ± 7
57 ± 8

Density

12.3 ± 2.3
15.7 ± 2.2
12.7 ± 6.2
12.2 ± 4.4
14.0 ± 3.1
11.8 ± 4.0
10.0 ± 4.6
11.2 ± 2.8
9.0 ± 4.3
10.2 ± 2.1
9.2 ± 3.4
12.3 ± 2.3
9.2 ± 5.7
10.8 ± 4.0
10.5 ± 1.9
6.5 ± 3.2
9.4 ± 2.7
9.3 ± 3.0
8.3 ± 2.9
9.7 ± 2.6
7.0 ± 1.7

2.1 ± 0.1
2.2 ± 0.2
2.3 ± 0.1
1.9 ± 0.1
2.0 ± 0.2
2.1 ± 0.1
1.8 ± 0.1
1.9 ± 0.2
1.8 ± 0.1
1.8 ± 0.2
1.8 ± 0.1
1.8 ± 0.1
1.9 ± 0.1
2.1 ± 0.2
2.1 ± 0.1
1.5 ± 0.2
2.0 ± 0.2
1.8 ± 0.1
1.8 ± 0.1
2.0 ± 0.1
1.7 ± 0.1

Fish
Species Diversity (H’)
richness
37 ± 6
45 ± 15
46 ± 5
28 ± 6
42 ± 19
26 ± 6
43 ± 6
42 ± 13
30 ± 10
24 ± 4
25 ± 12
20 ± 13
16 ± 3
31 ± 5
35 ± 11
11 ± 10
18 ± 10
24 ± 13
25 ± 8
17 ± 11
17 ± 4

Coral
cover
(%)
1.21 ± 0.04
1.39 ± 0.06
1.36 ± 0.03
1.21 ± 0.03
1.28 ± 0.02
1.25 ± 0.04
1.36 ± 0.07
1.48 ± 0.03
1.10 ± 0.02
1.30 ± 0.03
1.06 ± 0.03
1.36 ± 0.11
1.12 ± 0.04
1.17 ± 0.02
1.31 ± 0.02
1.14 ± 0.03
1.20 ± 0.07
1.20 ± 0.05
1.14 ± 0.03
1.30 ± 0.07
1.14 ± 0.04

Rugosity

67 ± 8.3
50 ± 9.3
50 ± 17.0
67 ± 6.6
31 ± 3.2
41 ± 4.6
37 ± 4.3
44 ± 5.7
50 ± 3.1
17 ± 2.3
47 ± 6.9
63 ± 12.2
26 ± 5.0
30 ± 6.0
37 ± 6.3
20 ± 4.5
22 ± 5.1
35 ± 5.4
15 ± 4.5
25 ± 3.9
20 ± 3.3

H

9 ± 0.4
11 ± 0.8
4 ± 0.5
7 ± 24.4
9 ± 0.0
11 ± 4.4
7 ± 0.8
4 ± 2.9
6 ± 0.4
11 ± 0.4
2 ± 0.8
11 ± 5.6
4 ± 0.0
9 ± 0.5
4 ± 0.0
6 ± 0.0
7 ± 0.4
4 ± 0.4
2 ± 0.4
3 ± 1.2
2 ± 0.0

30 ± 2.7
50 ± 9.2
24 ± 6.0
28 ± 11.8
44 ± 3.9
22 ± 3.7
7 ± 5.5
28 ± 0.8
11 ± 13.6
26 ± 10.6
24 ± 1.8
35 ± 5.0
35 ± 3.4
35 ± 3.5
20 ± 1.6
22 ± 12.1
37 ± 1.1
26 ± 1.5
26 ± 1.7
30 ± 2.4
24 ± 1.6

Density of trophic guild
P
MI

19 ± 1.5
35 ± 7.0
22 ± 15.1
20 ± 1.2
22 ± 12.1
28 ± 8.8
37 ± 12.8
22 ± 24.6
19 ± 18.6
24 ± 7.1
9 ± 1.6
13 ± 15.6
7 ± 0.0
13 ± 0.8
17 ± 5.1
15 ± 0.8
19 ± 6.4
13 ± 7.9
2 ± 8.0
8 ± 1.8
2 ± 0.0

Z

7 ± 0.5
15 ± 0.8
19 ± 1.8
4 ± 1.8
24 ± 5.0
20 ± 1.3
20 ± 0.8
19 ± 0.8
9 ± 0.8
24 ± 1.4
27 ± 2.1
15 ± 3.2
22 ± 1.9
26 ± 1.2
24 ± 1.2
22 ± 2.4
13 ± 0.4
20 ± 0.4
22 ± 1.5
24 ± 1.2
20 ± 0.9

O

19 ± 1.5
11 ± 1.8
11 ± 2.4
11 ± 1.2
15 ± 4.2
9 ± 1.2
4 ± 4.0
6 ± 0.8
6 ± 0.5
11 ± 1.1
9 ± 2.6
19 ± 3.1
9 ± 2.2
7 ± 1.0
7 ± 1.2
6 ± 1.8
11 ± 2.3
2 ± 0.4
6 ± 2.7
16 ± 2.4
9 ± 1.5

SI

Table 1. Biotic and abiotic parameters (means ± SD) measured at coral reef sites in La Parguera, southwest Puerto Rico. Sample size n = 6, except
for a: measurements of Kd PAR with n = 9. See Fig. 1 legend for sampling site codes. Trophic guild codes: H = herbivore, Z = zooplanktivore, P =
piscivore, MI = mobile invertebrate feeder, O = omnivore, SI = sessile invertebrate feeder. Densities are number of fish per 100 m2 (ind. 100 m–2)
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Fish and coral communities and turbidity

A total of 85 fish species from 32 families were
identified. Fish density and species richness had on
average low values in turbid waters and higher values under clearer conditions (Table 1). Fish densities
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A

1.7
y = 2.2 – 3.89x
r2 = 0.54

Fish density

1.6
1.5
1.4
1.3
1.2
0.14
16

0.16

0.18

0.20

0.22

0.24

0.26

0.28

Number of Species

B
14

y = 21.381 – 57.667x
r2 = 0.50

12
10
8
6

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

Kd PAR
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Regression analysis showed significant negative
relationships between Kd PAR and fish density (r2 =
0.54, p = 0.0002) (Fig. 2A, Table 2) and species richness (r2 = 0.50, p = 0.0004) (Fig. 2B, Table 2). Elevated
seawater turbidity was also related with lower herbivore (y = 9.8 − 33.9x, r2 = 0.42, p = 0.002), and zooplanktivore (y = 5.7 − 22x, r2 = 0.51, p = 0.0003) densities, but not to densities of the other trophic groups
(Table 2). Significant relationships revealed by regression analysis were also significant in the partial
correlation analysis controlling for coral cover and
rugosity (Table 3).
Similar to fish communities, coral cover was negatively related with turbidity. Live coral cover was
highly variable among sites, from 46% at TP to 11%
at RO2 (Table 1). Overall, there was a strong negative
relationship between turbidity (Kd PAR) and live coral
cover (r2 = 0.50, p < 0.0004) (Fig. 3, Table 2). There
was a trend of lower rugosity at turbid sites, although
with large variability (y = 1.62 − 01.9x, r2 = 0.28, p =
0.02). It was not significant after Bonferroni corrections (p < 0.005), and LA1 and TII2 did not fit this
correlation as these sites had among the lowest
rugosity values under clear and intermediate turbid
conditions.

Fig. 2. Relationships between the extinction coefficient of
photosynthetic active radiation (Kd PAR) and (A) fish density
[log(x + 1)], and (B) fish species richness at 21 reefs at La
Parguera, southwest Puerto Rico

Other habitat characteristics shaping the fish
community

varied from 57 to 163 ind. 100–2, with the lowest value
(57 ind. 100–2) observed at ES, the most turbid station,
and the highest (163 ind. 100–2) at MR1, the westernmost clear site. Similarly, the lowest fish species richness was found at ES (7 species 30 m2) while the
highest (16 species 30 m2) was found at SC, one of
the clearest sites.

Percentage of live coral cover and reef rugosity
were additional factors significantly shaping the reef
fish community. Percent coral cover was the main
factor positively related with fish species richness
(y = 6.29 + 0.15x, r2 = 0.50, p = 0.0003), and diversity
(H’) (y = 1.61 + 0.01x, r2 = 0.38, p = 0.0031), and zooplanktivore density also increased with greater coral

Table 2. Correlation coefficients among the biotic and abiotic variables surveyed at 21 coral reef sites (10 m depth) in La
Parguera, southwest Puerto Rico. Bold values correspond to significant correlations: *p < 0.05, **p < 0.005 (Bonferroni
correction). Trophic guild codes: H = herbivore, Z = zooplanktivore, P = piscivore
Kd PAR
Density

Kd PAR
Density
Species richness
Diversity (H’)
Coral cover
Rugosity
H
Z
P

−0.73**

Fish
Species
richness
–0.71**
0.70**

Diversity (H’)

−0.42
0.13
0.72**

Coral
cover
(%)

Rugosity

–0.70**
0.48*
0.71**
0.61**

−0.53*
0.48*
0.61**
0.42
0.59**

Density of trophic guild
H
Z
P

−0.66**
0.66**
0.62**
0.38
0.5*
0.29

−0.75**
0.69**
0.63**
0.37
0.63**
0.59**
0.45

−0.53*
0.70**
0.61**
0.23
0.23
0.33
0.30
0.68**
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Coral cover (%)

Table 3. Partial correlation coefficients among Kd PAR and fish variables surveyed
in 21 coral reef sites (10 m depth) in La Parguera, southwest Puerto Rico. Bold
values correspond to the significant correlations (p < 0.05). Trophic guild codes:
H = herbivore, Z = zooplanktivore, P = piscivore

3 represented most of the variance
(64%), and the overlay of potentially influential habitat variables
showed this axis to be strongly associated with seawater turbidity (r =
Kd PAR
Fish
Density of trophic
0.62). Coral cover (r = 0.59) and ruDensity Species Diversity (H’)
guild
gosity (r = 0.21) were also correlated
richness
H
Z
P
to this axis. Axis 2, which repreKd PAR
−0.69
–0.47
0.01
−0.51 −0.64 −0.58
sented an additional 17% of the orDensity
0.55
–0.27
0.58 0.52 0.66
dination variance, was correlated
Species richness
0.52
0.46 0.25 0.63
with seawater turbidity (r = 0.61),
Diversity (H’)
0.12 −0.06 0.1
coral cover (r = 0.51), and rugosity
H
0.23 0.23
Z
0.69
(r = 0.46). Thus, compared with the
P
other variables tested, Kd PAR had a
greater influence on fish composition and abundance. These results
50
confirmed a negative response of the fish assemblage
to high seawater turbidity. The number of fishes and
45
species was lower at turbid sites, located at the lower
y = 80.6 – 273.333x
40
and right portion of Fig. 4, compared to clear water
r2 = 0.50
35
sites, located at the upper and left end of the figure.
Sites with intermediate water turbidity were located
30
between these extremes. Fish species composition
25
20
15
10

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

Kd PAR
Fig. 3. Relationship between the extinction coefficient of
photosynthetic active radiation (Kd PAR) and percent live
coral cover at 21 reefs at La Parguera, southwest Puerto Rico

coverage (y = 0.06 + 0.05x, r2 = 0.44, p = 0.001)
(Table 2). Fish species richness (y = −4.8 + 12.4x, r2 =
0.38, p = 0.0031) and zooplanktivore density (y = −4.2
+ 1.9x, r2 = 0.37, p = 0.0033) were positively related
with reef rugosity (Table 2).

Multivariate analysis
The NMS ordination on species composition and
abundance converged on a stable, 3-dimensional solution (final stress = 9.46, final instability = 0.000001)
and demonstrated greater structure than expected by
chance (Monte Carlo procedure, p = 0.004) (Fig. 4).
The 2 most explanatory ordination axes (3 and 2)
were independent (orthogonality = 94%) and explained 81% of the fish assemblage variance, calculated as a proportion of the variation in the reduced
matrix relative to that in the original data matrix. Axis

Fig. 4. Non-metric multidimensional scaling plot based on
Bray-Curtis similarities of fish assemblages of La Parguera,
southwest Puerto Rico, at reef sampling sites with (h) clear
(Kd PAR ≤ 0.17 m−1), ( ) intermediate (Kd PAR = 0.18 to
0.19 m−1), and (j) turbid seawaters (Kd PAR ≥ 0.20 m−1). See
Fig. 1 legend for reef sampling site codes

0.16
0.16
0.16
0.17
0.17
0.17
0.17
0.17
0.17
0.18
0.18
0.19
0.19
0.19
0.20
0.21
0.22
0.22
0.22
0.23
0.26

4.3
1.7
14.0
0.0
1.0
1.0
9.3
0.0
3.3
0.7
0.0
0.7
1.0
0.0
1.0
0.0
0.0
0.0
1.0
0.0
0.0

0.0
0.7
2.7
0.0
2.7
3.3
0.0
0.0
2.7
0.0
2.7
0.0
0.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

22.3
0.0
6.0
0.0
22.3
34.0
0.0
0.0
29.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.7
5.0
6.0
5.7
3.3
4.0
0.0
0.7
4.0
3.3
8.7
5.7
4.0
8.3
9.0
7.7
4.3
5.7
6.0
3.7
10.0

0.7
1.7
0.7
4.0
0.7
0.7
0.0
0.0
1.7
1.0
1.3
3.3
0.7
1.0
6.0
0.7
4.0
2.7
1.0
5.3
0.7

1.7
1.7
0.7
0.0
1.0
0.0
4.3
2.3
0.7
0.7
0.0
0.7
0.7
2.3
0.0
0.0
0.0
0.0
0.0
0.0
1.7

6.7
0.7
5.0
0.0
2.7
4.3
5.7
0.0
1.7
0.7
1.3
0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.0
0.0
0.0

12.3
0.0
0.7
1.7
6.7
3.3
6.7
0.0
1.7
0.0
2.0
0.0
1.0
0.0
1.0
0.0
1.0
1.7
0.0
0.0
0.0

1.0
2.7
4.3
10.0
0.0
2.7
2.3
7.7
3.3
9.3
4.7
5.7
6.0
2.7
10.7
8.3
3.3
5.0
7.7
4.3
8.3

9.3
5.0
13.3
2.3
4.0
9.0
7.7
10.0
1.7
0.7
3.3
1.7
3.3
4.3
1.0
0.7
4.0
3.3
0.0
1.3
0.7

11.0
6.0
25.7
2.3
17.3
16.0
32.3
6.0
2.3
21.0
0.0
0.0
4.3
0.0
0.0
0.7
0.0
0.0
0.0
0.0
0.0
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EP
TP
SC
PB
LA1
ML
MR1
MR2
TU
RO1
TII2
IC
LA2
TII1
EN
RO2
AE
CA
RO3
MA
ES

Our results suggest that seawater turbidity is an important factor affecting ecological processes on coral reefs of La Parguera,
as reflected by changes in the composition
and abundance of reef fishes and benthic
communities. This point is based on the
strong negative relations found between
Kd PAR and fish and coral community characteristics, and within the NMS 3-dimensional ordination.
Low values of both the number of fish
species and their densities in sites with
more turbid water may reflect fish avoiding
sites of high turbidity. Coral reefs subject to
continuous increases in seawater turbidity
can suffer habitat degradation and community shifts (Loya 1976, Reopanichkul et al.
2009). Reef fishes, in particular, may change
their community structure and trophic
composition in response to water quality
degradation (Fabricius et al. 2005, Mallela
et al. 2007, Reopanichkul et al. 2009). Thus,
high turbidity could affect both ecosystem
stability and key properties of the fish
assemblage associated to it.
The general pattern of fish abundance
decreasing with higher turbidity might
result from a different availability of
resources that co-vary with turbidity, such
as light, sediments, nutrients, and benthic
cover. The particular processes that affect
turbidity (e.g. sedimentary runoff, eutrophication, colored dissolved organic matter,

Acanthurus Chromis
Chromis
Elacatinus Hypoplectrus Halichoeres Microspathodon Stegastes Stegastes Stegastes Thalassoma
coeruleus
cyanea multilineata evelynae
chlorurus
garnoti
chrysurus
fuscus leucostictus partitus bifasciatum

DISCUSSION

Sampling Kd PAR
site

variation among the different water turbidity types was confirmed (MRPP, p = 0.002,
A = 0.20), with the more dissimilar assemblages being those of clear and turbid waters (MRPP, p = 0.0007, A = 0.27). Indicator
species analysis showed that frequency
and abundance of yellowtail damselfish
Microspathodon chrysurus and bluehead
wrasse Thalassoma bifasciatum decreased
with turbidity, while those of sharknose
goby Elacatinus evelynae and yellowtail
hamlet Hypoplectrus chlorurus increased.
Based on these results we infer that seawater turbidity was an important environmental parameter in determining the spatial
distribution of some reef fishes (Table 4).

Table 4. Species-specific densities (mean number of ind. 100 m–2) of the 10 main fish species found at 21 coral reef sites (10 m depth) in La Parguera, southwest
Puerto Rico, ranked in order of increasing turbidity (Kd PAR). See Fig. 1 legend for sampling site codes
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etc.) cannot be identified from this study. However,
there is a significant relationship between turbidity
and sedimentation in La Parguera (Otero 2009). In
addition, if turbidity were mainly caused by nutrients
or phytoplankton, greater abundances of herbivore
and planktivore fishes would be expected in more
turbid sites (Fabricius et al. 2005), opposite to the
results of this study. The lower density of herbivores
at turbid reefs is in agreement with Wolanski et al.
(2003), but in our study it coincides with a lower algal
cover in turbid sites compared with that at clear ones
(Cardona-Maldonado 2008). Presumably, when turbidity gets too high, productivity and algal cover are
reduced and can only support small populations of
herbivores. Considering the extensive fishing pressure occurring throughout Puerto Rico (Appeldoorn
et al. 1992, Appeldoorn 2008), overfishing is a probable explanation for the lack of correlation between
turbidity and fish density observed in piscivores,
mobile invertebrate feeders, omnivores, and sessile
invertebrate feeders. These groups were scarce, and
represent the snappers, groupers, grunts and jacks,
which are the largest and most targeted species in
the area (Matos-Caraballo 2004). Nevertheless, the
limited area covered by each transect (30 m2) also
contributed to this result because these species are
patchily distributed and not likely to be encountered
along the transect.
As with several other reef studies, turbidity was
found to be negatively related with percent coral
cover (Loya 1976, Reopanichkul et al. 2009) and,
although with more variability, rugosity also tended
to decrease with higher turbidity. The loss of reef
structure because of turbidity is a long process that
depends on the strength and duration of exposition.
Even when coral cover decreases, reef framework
can persist long after the death of corals. All this has
potential ramifications over the short and long term,
since both fish species richness and zooplanktivore
density were significantly correlated with percent
coral cover and rugosity, both of which are dependent upon coral growth or loss (Table 3). Losses in live
coral and structural complexity are well documented
to cause losses in fish diversity and abundance
(Luckhurst & Luckhurst 1978, McCormick 1994, Wilson et al. 2006); however separating their effects is
complicated because most live corals usually possess
high structural complexity. When live coral cover is
lost many fish species decline in abundance due to
loss of settlement habitat and habitat structural complexity (Munday et al. 2008). Therefore, in conclusion, the variations in coral cover and rugosity
observed in this study, which may or may not be

independent or co-vary with seawater turbidity,
affected reef fish assemblages.
The NMS ordination highlighted turbidity as a
major factor shaping reef fish communities in La Parguera, followed by coral cover and reef rugosity. This
ordination showed a general tendency towards
reduced fish density and species richness as turbidity
increased and coral cover and reef rugosity
decreased. A more specific analysis of this trend
found 4 species as the main ones responsible for the
observed differences: the bluehead wrasse, yellowtail damselfish, sharknose goby, and yellowtail hamlet. The first 2 were more abundant in clear water
reefs and seemed to avoid sites with high turbidity,
while the latter 2 were more abundant in turbid
water reefs. In agreement with these results, the
bluehead wrasse and yellowtail damselfish were previously reported to be common in reefs farthest from
land in La Parguera, which have clearer waters, and
the yellowtail hamlet to be more abundant in the
nearshore reefs (McGehee 1994), which are more
turbid. In addition, bluehead wrasse and damselfishes were reported to decrease in abundance
when water quality or live coral cover diminish
(González-Sanson & Aguilar 2010).
We identified seawater turbidity as an additional
predictor of the reef fish community structure in La
Parguera, in addition to live coral cover and reef
rugosity. Because coral reefs and reef fish communities were less complex (lower rugosity, less species
richness, less diversity) in more turbid sites, managing for clear water conditions within the coastal area
of La Parguera should lead to improved ecosystem
health through increases in diversity, resilience and
stability (Walker & Salt 2006), and should become a
primary goal of management. As the attenuation
coefficients of light can be measured from boats and
even satellites (e.g. MODIS Kd 490 product) (Wang
et al. 2009), the relationships between water optical
properties and coral reef and fish community parameters reported in this study may be used to monitor
changes in water quality as a precursor of change in
coral and reef fish communities, as well as to identify
problem areas and efficiently monitor progress
toward management goals (clear water).
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