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   With more than 116 million people living 
within 100 km of Caribbean coastal regions 
(Burke and Maidens 2004), anthropogenic 
stressors to the coastal realm are severe, 
widespread, and on-going. There is a dis-
tinct need for tools to assess the current sta-
tus of shallow-water coastal ecosystems, set 
conservation and restoration priorities, and 
evaluate the success of management efforts. 
Mangroves are among the most threatened 
coastal biotypes (Hamilton and Snedaker 
1984; Ong 1995; Ellison and Farnsworth 
1996; Valiela et al. 2001; Faunce and Serafy 
2006), yet metrics to assess their relative 
“health” ( sensu  Rapport et al. 1998) are largely 
lacking. This is problematic because man-
groves are integral components of the inter-
connected “back-reef” environment (Adams 
et al. 2006), and there is increasing evidence 
that they are critical to maintain ecosystem 
function in adjacent marine habitats such 
as coral reefs (Mumby et al. 2003; Mumby 
and Hastings 2008). For example, mangrove 

habitats serve as nursery habitats for many 
reef-associated species (Nagelkerken et al. 
2000; Layman et al. 2004; Valentine-Rose 
et al. 2007b), including socio-economically 
important species such as Nassau grouper 
( Epinephelus striatus  Bloch) (Dahlgren and 
Eggleston 2000; Dahlgren and Eggleston 
2001) and spiny lobster ( Panulirus argus  
Latreille) (Acosta and Butler 1997). 

 Floral and faunal assemblage composi-
tion can be a useful measure of anthropo-
genic impacts in aquatic systems because 
constituent plants and animals reflect the 
integrated physical and biological processes 
operating at a given site (Karr and Chu 
1999). When applying a biologically-based 
indicator system, there are inherent trade-
offs between the specificity of information 
sought and the difficulty of implement-
ing the approach. For example, sampling 
protocols that require precise quantifica-
tion of multiple metrics can provide signifi-
cant power to distinguish among sites with 
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varying degrees of anthropogenic impact. 
One widely accepted approach is the Index of 
Biotic Integrity (IBI), a system of metrics that 
incorporates biological and ecological infor-
mation from individual-, population- and 
community-levels into a single index of sys-
tem quality (Karr 1981; Karr and Chu 1999). 

 Although a powerful approach, metrics 
composing an IBI (e.g., % of individuals that 
are members of certain feeding guilds or 
% of individuals with a disease) may require 
substantial scientific expertise and involve 
techniques that are relatively time consum-
ing and expensive. In certain situations, a 
simple set of indicator taxa may be preferred. 
An index based solely on presence/absence 
of individuals from general taxonomic 
groupings may sacrifice discriminatory 
power, but would be accessible for non-
scientist stakeholders. For example, “para-
taxonomists”, i.e., local assistants trained 
by professional biologists (Basset et al. 
2004), have played an important role in the 
conservation of terrestrial ecosystems, and 
especially with efforts to document and cat-
alogue tropical biodiversity (Goldstein 2004; 
Janzen 2004). Similarly, a biologically-based 
monitoring system amenable to parataxon-
omists would facilitate local conservation 
and management strategies in aquatic eco-
systems. In this study, we evaluated a suite 
of indicator taxa that can be identified eas-
ily by parataxonomists, and can be used as 
a means to assess anthropogenic impacts 
in mangrove-dominated tidal wetlands on 
Caribbean and Bahamian Islands, systems 
locally referred to as “tidal creeks”. 

 Floral and faunal surveys were conducted 
in mangrove-dominated tidal creeks located 
in the U.S. Virgin Islands (St. Croix, St. John, 
St. Thomas) and Bahamas (Andros and New 
Providence Islands). Site characteristics var-
ied substantially, but most creeks had a 
somewhat constricted mouth that opened to 
a broad, shallow wetland. All surveyed sites 
were associated with low-lying coastal areas 
with relatively small watersheds. Such sys-
tems are dominated by tidal exchange and 
not freshwater input. Examples of recent 
studies that have been conducted in simi-
lar systems include Dahlgren and Eggleston 
(2001), Layman et al. (2007), Valentine-Rose 
et al. (2007b), and Rypel and Layman (2008). 

 Based on previous work (Layman and 
Silliman 2002; Layman et al. 2004; Valentine-
Rose et al. 2007a), we  a priori  identified 
taxa that could serve as indicators of creek 
health ( Table 1           ). Two criteria were used to 
identify taxa. First, we based groupings at 
taxonomic levels that would be relatively 
easy for parataxonomists to identify. For 
example, whereas sponges are often dif-
ficult to identify to species, identifying an 
organism as a “sponge” is less problematic. 
This approach yielded indicator groupings 
at taxonomic levels from species to phy-
lum. Second, we attempted to select taxa 
that would provide insight into the degree 
of habitat degradation. That is, we avoided 
selecting taxa abundant in creeks regard-
less of the degree of degradation (e.g., the 
macroalgae  Batophora oerstedi ), and omitted 
taxa that are so rare that their non-occur-
rence would not necessarily be indicative 
of anthropogenic impact (e.g., tiger grouper 
 Mycteroperca tigris ). 

 Two independent measures of anthropo-
genic impact provided the context to eval-
uate indicator taxa: a regional approach 
based on anthropogenic “threat” measures 
(Burke and Maidens 2004), as well as a site-
specific index based on degree of creek 
fragmentation (Layman et al. 2004). The 
regional measure was based on the “Reefs 
at Risk” database, an integrated quantifica-
tion of the degree of human impacts (termed 
“threats”) to coastal ecosystems throughout 
the Caribbean (Burke and Maidens 2004). 
More than 30 physical and socioeconomic 
data sources were used for the Reefs at Risk 
analyses, including data on land cover, ele-
vation, bathymetry, population distribu-
tion and growth rates, and location of cities, 
ports, and other infrastructure. For ease of 
interpretation, each areal unit was rated as 
“low”, “medium”, or “high” threat for each 
of four individual threat categories: coastal 
development, sediment and pollution from 
inland sources, marine-based sources of 
pollution, and over-fishing. The ratings for 
the four categories were then combined 
to yield a single overall threat index. The 
index is set to the highest threat value (low, 
medium, or high) recorded for any individ-
ual threat, with two further modifications: 
the integrated index is designated as “very 
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high” in areas where at least three individ-
ual threats were rated as “high”, and the 
integrated index is set to “high” in areas 
where at least three threats were rated as 
“medium,” (Burke and Maidens 2004). 

 Our site-specific example was based 
on degree of creek fragmentation follow-
ing Layman et al. (2004). Each tidal creek 
was classified as totally fragmented, par-
tially fragmented, minimally fragmented, 
or unfragmented.  Totally fragmented  sys-
tems are those in which surface water con-
nectivity from the ocean does not extend 
to upper portions of the creek (e.g., due to 
road construction) resulting in a relatively 
isolated wetland upstream of the block-
age (see Layman et al. 2007; Valentine-Rose 
et al. 2007a). In  partially fragmented  systems 

some surface water connectivity remains to 
upstream areas (e.g., through culverts). In 
 minimally fragmented  systems the majority 
of surface water connectivity remains (i.e., 
through bridges), and  unfragmented  systems 
have unimpeded surface water connectiv-
ity throughout the creek. 

 In tropical and subtropical marine eco-
systems, water clarity allows aquatic fauna 
to be assessed in a non-destructive man-
ner using underwater visual census (UVC). 
This technique, first developed by Brock 
(1954), has become standard methodol-
ogy for assessing occurrence of organisms 
in tropical estuarine and marine habitats. 
We conducted 100m x 2m transect surveys 
along the mangrove fringe of creeks using 
snorkeling gear. Each transect survey lasted 

 Table 1.   Taxonomic groupings identified  a priori  as potential indicators of creek health. Visual surveys at each 
site were used to record the presence or absence of each of these taxa in each surveyed transect. Positive indica-
tors (+) signify the taxon was more likely to be found in less impacted sites (lower regional threat index or less 
degree of fragmentation), and negative indicators (−) were more frequently found in the more degraded sites. 
Organisms are listed at a broad taxonomic classification (i.e., to phylum or genus, rarely to the species-level) to 
allow for relative ease of identification. 

Common Name Scientific Classification Positive/Negative

Anchovy, Herring, or Silverside Family Engraulididae, Clupeidae, and Atherinidae +
Angelfish  Holacanthus  spp. and  Pomacanthus  spp. +
Barnacle Subclass Cirripedia +
Barracuda  Sphyraena barracuda  Walbaum +
Blue Crab  Callinectes sapidus  Rathbun +
Butterflyfish  Chaetodon  spp. +
Checkered Puffer  Sphoeroides testudineus  Linnaeus +
Coral Class Hydrozoa and Class Anthozoa +
Damselfish (other than Sergeant Major)  Stegastes  spp. +
Filamentous Green Algae  Chaetomorpha  spp. and  Enteropmorpha  spp. −
Grouper  Epinephelus  spp. +
Grunt  Haemulon  spp. +
 Halimeda  spp. Macroalgae  Halimeda  spp. +
Jack Family Carangidae +
Mojarra  Eucinostomus  spp. and  Gerres cinereus  Walbaum +
Mosquitofish  Gambusia  spp. −
Oyster  Isognomon alatus  Gmelin +
Parrotfish Scaridae spp. +
Queen Conch  Strombus gigas  Linnaeus +
Sea Anemone Orders Actiniaria and Ceriantharia +
Sergeant Major  Abudefduf saxatilis  Linnaeus +
Sheepshead Minnow  Cypronodon variegatus  Lacépède −
Snapper (Other than Yellowtail)  Lutjanus griseus  Linnaeus or  L. apodus  Walbaum +
Sponge Phylum Porifera +
Surgeonfish or Doctorfish  Acanthurus bahianus  Castelnau or  A. chirurgus  Bloch +
Turtle Grass  Thallasia testudinum  Banks  ex  König +
Wrasse  Halichoeres  spp. or  Thalassoma bifasciatum  Bloch +
Yellowtail Snapper  Ocyurus chrysurus  Bloch +
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~20 minutes, a survey rate of ~5m/minute. 
In some sites (typically totally fragmented 
systems), snorkeling was precluded by 
shallow water depths and surveys were 
conducted by walking along the mangrove 
fringe. Two areas in creeks were surveyed, 
one at the creek mouth and one upstream. 
In small systems (<~5 hectares), mouth sur-
veys were taken at a random 100m section 
within 500m of the confluence of the tidal 
system with marine waters. In large sys-
tems (>~5 hectares), the mouth survey was 
conducted at a random 100m section 0.5-
1.0km from the confluence with marine 
waters. Upstream survey sites were chosen 
at random locations approximately ½ of the 
distance between the creek mouth and the 
most inland extent of the creek system. We 
surveyed all systems that could be readily 
accessed on our focal islands. Each survey 
was considered as an individual data point 
in the analysis, so that some sites have both 
an upstream and downstream site which 
were considered separately. 

 For each indicator taxa, we used logistic 
regression to assess the probability of occur-
rence (i.e., presence) for each taxa as a func-
tion of the regional threat index from the 
Reefs at Risk database. We then conducted 
a separate analysis based on the fragmenta-
tion index, with categorical measures (i.e., 
totally fragmented sites = 3, partially frag-
mented sites = 2, etc.) serving as the inde-
pendent variable. In the logistic regression 
analyses, presence of an indicator taxa in 
a survey was assigned a value of “1” and 
absence a “0”. We evaluated the significance 
of the relationships (i.e., human impact level 
vs. presence/absence) at the 0.05 level using 
the log-likelihood ratio test. 

 We conducted 97 surveys in creeks ( n  = 57) 
that ranged across all levels of the regional 
and site-specific measures of anthropogenic 
impact. Occurrence of 16 taxa correlated sig-
nificantly with the fragmentation index, and 
7 taxa were correlated significantly with the 
regional threat index ( Table 2           ). All taxa that 
correlated significantly with the regional 

 Table 2.   Results of logistic regression analyses between occurrence of taxa and the two anthropogenic impact 
indices: (A) fragmentation and (B) regional threat. 

(A) Fragmentation Index:
Taxonomic Grouping Log-Likelihood Ratio P
Sponge 33.8 <0.001
Grunt 29.4 <0.001
Barnacle 26.9 <0.001
Parrotfish 25.2 <0.001
Turtle Grass 22.8 <0.001
Sergeant Major 21.0 <0.001
 Halimeda  spp. Macroalgae 19.1 <0.001
Snapper (other than Yellowtail) 18.5 <0.001
Sheepshead Minnow 17.5 <0.001
Barracuda 15.4 <0.001
Wrasse 13.3 <0.001
Mojarra 10.0 0.002
Coral 9.6 0.002
Mosquitofish 9.0 0.003
Damselfish (other than Sergeant Major) 8.7 0.003
Checkered puffer 8.4 0.004

(B) Regional Threat Index:
Taxonomic Grouping Log-Likelihood Ratio P
Turtle Grass 21.9 <0.001
Sponge 17.4 <0.001
Coral 14.3 <0.001
Sergeant Major 8.5 0.004
 Halimeda  spp. Macroalgae 7.9 0.005
Wrasse 5.0 0.03
Damselfish (other than Sergeant Major) 4.9 0.03
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threat index also correlated significantly 
with the fragmentation index. Taxa corre-
lated with the regional threat index tended 
to be species that were relatively seden-
tary, including plants, immobile inverte-
brates, and demersal fishes. Taxa correlated 
with the fragmentation index represented 
diverse taxonomic, trophic, body size, and 
motility characterizations. Examples of 
indicator taxa correlated with both regional 
and local impact indexes are pictured 
in  Fig. 1           . 

 Taxa presence/absence patterns across 
the two human impact gradients likely 
reflect a diverse suite of underlying com-
munity- and ecosystem-level factors 
(Layman et al. 2007; Valentine-Rose et al. 
2007a). For example, fragmentation of tidal 
creeks affects constituent biota through 
at least four mechanisms. First, fragmen-
tation disrupts metapopulation dynam-
ics, thereby reducing the supply of larvae, 
juveniles, and adults to fragmented areas 
(Gonzalez  et al.  1998; Pringle 2006). Second, 
overall ecosystem size (volume of water 
and/or surface area of inudated wetland) 
is reduced due to increased sedimentation 
following a reduction in water velocity. 
Third, variation in physico-chemical con-

ditions increases, especially in tempera-
ture and salinity, because of the lack of tidal 
flushing. And fourth, partially due to each 
of the preceding factors, there is an over-
all decline in abundance of structural flora 
(e.g., seagrasses and macroalgae) that pro-
vide important habitat for other organisms 
(Adams et al. 2006). 

 Despite the great variability in site char-
acteristics among surveyed creeks (e.g., in 
depth, current velocity, habitat availability, 
etc.), patterns were sufficiently consistent 
to identify a suite of taxa whose presence or 
absence was correlated with  a priori  charac-
terizations of human impacts. Thus, despite 
the myriad ways that humans affect coastal 
ecosystems, there may be some general 
similarities in impacts to local biota across 
impact gradients. More consistent results 
(i.e., more significantly correlated indica-
tor taxa) for the localized index reflects the 
fact that human impacts can best be catego-
rized at a site-specific scale. For example, a 
given tidal creek can be significantly more 
or less degraded within a regional classifi-
cation depending on local factors. Yet it is 
promising for regional-scale conservation 
efforts that some taxa may indeed indicate 
regional scale phenomena. 

Fig. 1. Four of the indicator taxa found to correlate significantly with both regional threat and local human 
impact indices: coral, sponge (around base of coral), wrasse (bottom right), and Halimeda spp. (left background). 
Organisms are listed at a broad taxonomic classification (i.e., to phylum or genus, rarely to the species-level) to 
allow for relative ease of identification.
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 Presence/absence of particular taxa 
alone cannot be used to elucidate mecha-
nisms that give rise to the emergent floral 
and faunal assemblages. Yet indicator spe-
cies have been used to help guide conserva-
tion efforts in a wide variety of ecosystems 
(e.g., Lindenmayer et al. 2000; Roth and 
Weber 2008), and we believe the indicator 
taxa presented herein represent one useful 
tool in developing conservation strategies 
in Caribbean and Bahamas coastal ecosys-
tems. The system proposed herein can be 
immediately applied to assess ecosystems in 
the areas examined as part of this study. In 
areas that differ substantially in abiotic (e.g., 
freshwater input or water depth) or biotic 
(e.g., a different biogeographic region) fac-
tors, we encourage researchers to identify 
other indicator species that reflect human 
impacts. Detailed study of coastal ecosys-
tems and how they are impacted by human 
activities are direly needed. Contributions 
by parataxonomists using indicator taxa 
can be one critical component of conserva-
tion, restoration, and management efforts at 
both local and regional scales. 
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