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Abstract
Coastal lagoons and other estuarine habitats are increasingly exposed to the negative effects of growing human populations with
associated intensifications in nutrient loading, harmful algal blooms, pollution, and habitat degradation.We examined population
dynamics of Gulf pipefish Syngnathus scovelli in estuarine waters of the Indian River Lagoon, on the Atlantic coast of Florida.
Substantial declines in abundance of this sentinel species were concurrent with significant losses of seagrass habitat associated
with ongoing harmful algal blooms, and other perturbations during the study period spanning from 1998 to 2018. Moderate
declines in S. scovelli were observed with early downward trends in seagrasses ahead of the onset of the precipitous seagrass
reductions observed. The massive decline of seagrass habitats in the Indian River Lagoon in recent years had negative influences
and was directly linked to population declines we observed in the S. scovelli population. Lack of seagrass habitat essential to this
and related syngnathid species may reduce optimum seagrass-associated prey, increase predation by lack of appropriate cover,
and increase energetic costs which may be realized through reduced growth rates and potential reproductive impairment.
Identification and monitoring of population trends of S. scovelli and related sentinel fish species allow for early implementation
of management actions that reduce the impact of anthropogenic pressures on the services that estuarine systems provide to the
fishes and fisheries they support.
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Population dynamics

Introduction

Estuaries provide critical habitats for many fish species and are
among the most productive yet most vulnerable coastal ecosys-
tems (Kennish 2002). Habitat loss and anthropogenic stressors
negatively influence estuaries globally (Lotze et al. 2006).
Shallow coastal lagoons and other estuarine habitats are increas-
ingly susceptible to the impacts of changing human populations
and urbanization via increased nutrient loading, contaminants,
and related anthropogenic influences (Kennish 2002;
McGlathery et al. 2007; Carstensen et al. 2011). The Indian
River Lagoon system (IRL) on Florida’s Atlantic coast is no

exception (Adams et al. 2019). Human population growth along
the IRL has put a substantial amount of pressure on the lagoon’s
ecological dynamics. Estimates of the human population of the
five coastal counties of the IRL region increased from 1,351,946
in 2000 to 1,724,438 in 2018, and recent projections estimate
that it will increase to approximately 2,024,353 by 2030 and
3,667,815 by 2045 (FBEBR 2011, 2021).

Coastal systems worldwide are experiencing increased fre-
quency and duration of harmful algal blooms due to eutrophica-
tion, pollution, and climatic and nonclimatic phenomena which
together may have a synergistic effect (Glibert 2020; Gobler
2020; Griffith and Gobler 2020). Eutrophication and long-
duration harmful algal blooms have been prominent in the IRL
during recent years (Lapointe et al. 2015; Phlips et al. 2015). An
extensive Pyrodinium bahamense bloom in the IRL coincided
with pufferfish toxicity events in 2002 (Phlips et al. 2004;
Landsberg et al. 2006). Beginning in 2011, a widespread and
long-duration phytoplankton bloom, termed the superbloom, oc-
curred within the IRL system. This superbloom was intensively
monitored by the Florida Fish and Wildlife Conservation
Commission’s Fish and Wildlife Research Institute’s (FWC-
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FWRI) Harmful Algal Bloom group and other agencies. The
following year, and again in 2016, widely distributed
Aureoumbra lagunensis blooms, also known as brown tides,
impacted IRL waters (Phlips et al. 2015; Lapointe et al. 2020;
Lopez et al. 2021; FWC–FWRI unpublished data). Sporadic and
variable-scale blooms of the dinoflagellate P. bahamense and an
array of other nanoplankton blooms have been recorded in the
northern IRL since and are monitored by FWC–FWRI during
weekly standardized water-sampling transects, as well as by on-
going efforts of other state agency and university groups (Lopez
et al. 2021).

FWC–FWRI established a Fish Kill Hotline as a means of
allowing other governmental entities and the public to report
fish kills and other observed fish anomalies (Abbott et al. 2009).
More than 220 fish kills were reported in the Indian River
Lagoon system from 2008 through 2019 (FWC–FWRI Fish
Kill Hotline database), although this number likely
underrepresents the full extent of fish kills, as many go unre-
ported, or the observations lack pertinent data for evaluation
(Phelps et al. 2019). Hypoxic events related to eutrophication
and subsequent harmful algal blooms were responsible for
some of these fish kills, but, for many others, the causes remain
unexplained. Concurrently, large-scale seagrass die-offs have
been observed in the northern IRL, associated with decreased
light penetration resulting from prolonged harmful algal blooms
(Morris et al. 2018; Lapointe et al. 2020).Within the time frame
of our study, declines in mean percent cover of seagrasses in the
northern IRL were observed at the onset in 1998 (Morris et al.
2021). Seagrass declines greater than 95% have been recorded
on several survey transects in the IRL since 2009 (Morris et al.
2018). In the northern Banana River Lagoon, an IRL basin that
has experienced severe seagrass die-offs, long-term transect
results reveal greater than 99% loss of seagrasses and an overall
decline in seagrass species diversity from 2009 through early
2020 (D.M. Scheidt, Kennedy Space Center Ecological
Program, personal communication, January 2020).

Declines in pipefishes and seahorses related to habitat
losses, overexploitation, pollution, and climate change have
been a continuing global concern (Pollom et al. 2021). Our
initial observations, based on data from the FWC-FWRI long-
term Fisheries-Independent Monitoring program, suggested
that abundance levels of some fish species, including
syngnathids, may be reduced along with changes in commu-
nity structure and species diversity in the IRL. These changes
may be associated with the significant losses of seagrass hab-
itat, ongoing harmful algal blooms, and other perturbations in
the system (e.g., reduced water quality, hypoxia, sporadic raw
sewage spills, and other pollution) (FWC–FWRI unpublished
data). Seahorses and pipefishes have been used as flagship
species in many areas worldwide for strategic conservation
and management endpoints (Shokri et al. 2009; Vincent
et al. 2011) and have the potential to serve as sentinel species
to detect sometimes cryptic ecosystem changes. Pipefishes

and seahorses are also commercially harvested in Florida wa-
ters as part of the Marine Life category; however, current
landings of pipefishes are not substantial (FWC-FWRI
Commercial Fishery Landings Data through Batch 1515, ex-
tracted March 25, 2022. Marine Fisheries Information
System. St. Petersburg, FL).

To investigate further, we analyzed population trends of the
Gulf pipefish Syngnathus scovelli (Evermann & Kendall
1896), a common species in the southeastern United States
that is resident in the lagoon with a limited home range and
is sensitive to habitat perturbations, with well-understood life
history parameters and habitat preferences (Joseph 1957;
Brown 1972; IUCN 2013). Effective sentinel species respond
rapidly to ecosystem variation, are common species or are
effectively monitored within the study system, are typically
resident to the study area with known life history parameters,
and have documented sensitivity to an array of environmental
stressors (Bortone et al. 2006; Adams et al. 2010).

Collectively, ongoing ecosystem perturbations in the
Indian River Lagoon may influence pipefish populations as
these species are particularly sensitive to habitat loss, habitat
degradation, and reduced water quality (Vincent et al. 2011).
Syngnathus scovelli has not been assessed by the International
Union for Conservation of Nature and Natural Resources
(IUCN) Red List of Threatened Species since 2012, and at
that time was classified as “Least Concern” with limited or
uncertain population data suggesting a relatively stable or
slowly declining overall population trend (IUCN 2013).
Considering all the major perturbations in the IRL over the
past 20 years, we sought to answer three questions related to
S. scovelli in the IRL: (1) How has the population abundance
of S. scovelli in the IRL changed over time? (2) How do
changes in the population relate to variations in habitat over
time? (3) Is the distribution of the IRL population of S. scovelli
stable over time?

Materials and methods

Study area

The sampling area identified as the northern Indian River
Lagoon (IRL) system is a narrow estuary located along the cen-
tral Atlantic coast of Florida and extends from the northern ter-
minus of the Indian River Lagoon proper south to Vero Beach.
The northern IRL is connected to the Atlantic Ocean by one
permanent inlet (Sebastian Inlet) and one intermittently open
conduit via the Canaveral Locks at Port Canaveral that links
the Banana River Lagoon to the Atlantic just south of Cape
Canaveral. The limited natural freshwater inflow comes primar-
ily from the St. Sebastian River and from numerous creeks lo-
catedmainly along the lagoon’s western shoreline (Bergman and
Donnangelo, 1998). Shoreline vegetation consists largely of

57    Page 2 of 10 Marine Biodiversity (2022) 52: 57



fringing mangrove (e.g., red mangrove Rhizophora mangle),
invasive Brazilian pepper Schinus terebinthifolius, and marsh
grasses (e.g., cordgrasses, Spartina spp.). Bottom substratum
types are typically characterized as sand or mudmixedwith shell
hash and occasional oyster reefs. Seagrasses, primarily shoal
grass Halodule wrightii and manatee grass Syringodium
filiforme have historically been the dominant rooted vegetative
cover in the northern IRL, although five other seagrass species
also occur in the system, though some have diminished over
time (Steward et al. 2006; Morris et al. 2021).

The FWC-FWRI Fisheries-Independent Monitoring
program has conducted intensive sampling of fish species
in the northern IRL since 1990. To standardize gear types
and have consistent geographic coverage in this study, we
focused our analyses on Fisher ies- Independent
Monitoring program data collected from 1998 through
2018. The area sampled for this study was divided into
3 geographically defined estuarine zones based on distinct
basin areas—Banana River Lagoon (BRL), Indian River
Lagoon north (IRLN), and Indian River Lagoon south
(IRLS) (Fig. 1)—that are representative of this segment
of the IRL system.

Experimental design

The FWC-FWRI Fisheries-Independent Monitoring program
uses a stratified-random sampling design. The IRLwas divided
into sampling zones based on geographic and logistical criteria,
and each zone was subdivided into 1 minute of latitude × 1
minute of longitude grids. Each grid was further subdivided
into 100 microgrids of equal area that were randomly selected
for sampling. Sampling grids were stratified by habitat and
depth. A single 21.3-m seine sample was collected at each
randomly selected site. Monthly sampling for this study was
conducted in BRL, IRLN, and IRLS using standardized 21.3-m
center-bag seines. The number of monthly samples collected in
each zone was proportional to the number of grids in the zone
that could be sampled with that gear type.

A 21.3-m center-bag seine (1.8m deep, with 3.2-mmknotless
nylonmesh) was used to sample fishes in water ≤1.5m deep and
selected sites were stratified by the presence or absence of sub-
mersed aquatic vegetation in or the presence of a shoreline di-
rectly adjacent to the area sampled. Each seine haul was stan-
dardized with the aid of guidelines attached to each seine pole
and secured to the substratum at the starting point (9.1-m length)
with a separate guide line (15.5-m length) connected between
seine poles. This technique allowed for a uniform sample cover-
age area (140m2) during each haul. All sampling was conducted
during daytime hours (1 h after sunrise to 1 h before sunset).

At each site, water temperature (°C), salinity (ppt), pH, and
dissolved oxygen (mg/l) were recordedwith amultiprobe water-
quality instrument (Hydrolab Surveyor or YSI 600 series).
Comprehensive fish habitat information, including percent

cover of submersed aquatic vegetation (hereafter refers to
seagrasses and attached algae Caulerpa spp.), was also assessed
visually at each sampling site according to standardized FWC-
FWRI Fisheries-Independent Monitoring program procedures
(FWC-FWRI 2016). Sample processing was standardized. All
fishes captured were identified to the lowest practical taxonomic
level, counted, and a random sample of at least 10 individuals
measured (standard length to the nearest mm).

Statistical analysis

Annual indices of relative abundance (IOA) were computed
using generalized linear models. To focus on the adult popula-
tion and reduce confounding effects of young-of-the-year re-
cruitment, we analyzed S. scovelli ≥60 mm standard length.
This size conservatively corresponds to known adult sizes from
throughout the range of this species (Joseph 1957; Brown 1972;
Jones and Avise 1997; Gasparini and Teixeira 1999) as well as
our observations in the IRL of sexually mature males with a
developed ventral brood pouch and of mature females with
complete silver trunk bars (Brown 1972; Jones and Avise
1997). We analyzed adult length-frequency distributions over
the entire study period to determine changes in or stability of
fish length over time. Mean fish per haul for positive S. scovelli
collections in habitats with differing submersed aquatic vegeta-
tion coverage (100% and 0% coverages; moderate to high cov-
erages [≥25%] and sparse coverage [1–24%]) were analyzed
using a Mann-Whitney rank-sum test.

The FWC-FWRI Fisheries-Independent Monitoring pro-
gram’s stratified-random sampling design generates count da-
ta, the distribution of which is bounded by zero. Often, the
frequency distribution of these counts is highly nonnormal.
Therefore, a negative binomial distribution was used to create
IOAs. Location, time, and environmental variables were treat-
ed in the analyses either as classification variables (IRL zone,
year, month, shore type, substratum type, and submersed
aquatic vegetation) or covariates (water temperature, salinity,
and depth). The GLIMMIX procedure (SAS Institute Inc.
2006) was used to complete all analyses. To normalize the
data, we natural log–transformed [ln(X+1)] water tempera-
ture, salinity, and depth before analysis. Akaike’s informa-
tion criterion (AIC) was used to determine whether vari-
ables contributed a substantial amount of explained vari-
ability to the model. With the exception of sampling year,
all nonsignificant (P > 0.05) variables that did not improve
the fit of the model based on AIC were eliminated, and the
analysis was repeated sequentially until only significant
variables remained or until AIC values increased. The final
model was completed using classification variables and co-
variates with the lowest AIC.

Relative abundance was calculated for each year as the
median number of fish per set. Median values were deter-
mined from least-squares-adjusted means by multiplying the
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standard error by a random normal deviate (μ = 0, σ = 1) and
adding it to the least-squares mean. These data were then
back-transformed (ex). The process was repeated 500 times
for each year to create a sampling distribution of back-
transformed values, and summary statistics (25 and 75 percen-
tiles) were then calculated and plotted to allow visualization of
annual trends in IOAs (Sokal and Rohlf 1981).

Count data used in the IOA analysis were plotted to allow
examination of changes in spatial distribution and abundance
within the IRL study area through time, and with changes in
seagrass coverage (seagrass mapping layers for the IRL ob-
tained from St. Johns River Water Management District
Geospatial Open Data website https://data-floridaswater.
opendata.arcgis.com/). Data were partitioned into 3-year seg-
ments and plotted on a graduated scale with four abundance
classes, representing zero, low (1–10 individuals), medium
(11–50 individuals), and high (>50 individuals) catches of

pipefish along with the latest year seagrass coverage mapping
layer during each time segment.

Results

A total of 7059 standardized 21.3-m seine hauls were com-
pleted in our study area within the NIRL, SIRL, and BRL
from 1998 to 2018. A total of 10,291 S. scovelli (≥60 mm
SL) was collected across all samples. The largest catch of this
species in a single seine haul (n = 96) was made in 1998 in
full-coverage seagrass habitat (80% widgeon grass Ruppia
maritima, 20% shoal grass,Halodule wrightii). Our extensive
sampling in the IRL indicates thatR. maritima has been rare or
nonexistent within the study area since 2011 and that seagrass
species richness has generally decreased during that time
(FWC–FWRI data; Morris et al. 2021). The areas that have
had the greatest seagrass loss in the NIRL either have

Fig. 1 Maps of study area with distribution and relative abundance of
Syngnathus scovelli in the Indian River Lagoon during 1998–2018
presented in 3-yr segments (1998–2000; 2001–2003; 2004–2006;
2007–2009; 2010–2012; 2013–2015; 2016–2018). Bubble sizes
indicate magnitude of abundance classes: (·, 0 individuals), low ( , 1–
10 individuals), medium ( , 11–50 individuals), and high ( , >50

individuals) catches of pipefish during each time segment. PC, Port
Canaveral. Green shading represents areal extent of seagrass during
each segment. Seagrass layers for Brevard and Indian River counties
obtained from St. Johns River Water Management District Geospatial
Open Data website https://data-floridaswater.opendata.arcgis.com/
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experienced an increase in Caulerpa spp. or have remained
bare substratum (FWC–FWRI data; L. Hall, St. Johns River
Water Management District, personal communication,
October 2021). Relative abundance of S. scovelli varied by
year and generally displayed a declining trend beginning in
2002, concurrent with large-scale declines in seagrass abun-
dance in the estuary (Figure 2). The longest period of consis-
tent year-to-year decline lasted from 2008 through 2013,
followed by minor increases in 2016 and 2018 and the lowest
21-year relative abundance observed in 2017. General linear
model analyses identified important environmental factors
that were significantly related to the relative abundance of
S. scovelli, including submersed aquatic vegetation, substra-
tum type, temperature, and depth; submersed aquatic vegeta-
tion was the most important (Table 1). During the study peri-
od, mean annual water temperature in the IRL increased ap-
proximately 0.9°C. Mean annual dissolved oxygen increased
approximately 0.3 mg/L, but was frequently reduced in spe-
cific areas at times during algal blooms, and salinity increased
7.6 ppt. Mean overall water temperature in the IRL was
24.9°C (± 4.9 SD), mean dissolved oxygen was 7.2 mg/L (±
1.8 SD), and mean salinity was 26.1 (± 6.4 SD).

For positive S. scovelli collections (where 1 or more pipe-
fish were collected), significantly more fish per haul were
collected in habitats where submersed aquatic vegetation
was 100% coverage than in habitats with 0% coverage (P <
0.001, Mann-Whitney rank-sum test). Mean fish per haul for
positive S. scovelli collections was 6.39 (± 0.226 standard
error) in habitats where submersed aquatic vegetation was
100% coverage and 3.0 fish per haul (± 0.459 standard error)

in habitats with 0% coverage. Significantly more fish per haul
were collected in habitats where submersed aquatic vegetation
was classified as moderate to high coverage (≥25%) than in
habitats with sparse coverage (1–24%, P < 0.001, Mann-
Whitney rank-sum test). Mean S. scovelli per haul was 4.60
(± 0.163 standard error) in habitats where submersed aquatic
vegetation was ≥25% coverage and 2.99 fish per haul (± 0.235
standard error) in habitats with 1–24% coverage. The majority
of S. scovelli were collected in depths below 1 m, with 3984
fish caught in the shallowest depth range of 0.2–0.5 m and
5454 fish in the 0.6–0.9 depth range. A total of 850 S. scovelli

Table 1 Generalized linear model results (GLIMMIX procedure, SAS
Institute Inc. 2006) of the effect of temporal, spatial, habitat, and
physicochemical metrics on the catch per unit of effort (number of
individuals per seine haul) of Syngnathus scovelli (≥ 60 mm standard
length) during stratified-random fisheries-independent monitoring in the
Indian River Lagoon (1998–2018). Significant variables included in the
final model run are presented. Significance level for model inclusion was
set at P = 0.05. df = degrees of freedom; SAV = submersed aquatic
vegetation

Model variable df F P

Class variables SAV Cover 1 130.46 <0.001

Substrate Type 3 34.47 <0.001

Year 20 17.75 <0.001

IRL Zone 2 13.27 <0.001

Month 11 7.78 <0.001

Covariates Depth 1 25.27 <0.001

Temperature 1 22.09 <0.001
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Fig. 2 Annual least-squares
means (± SE) of Syngnathus
scovelli relative abundance (fish
per haul) based on seine
monitoring surveys conducted in
the Indian River Lagoon, 1998–
2018 (black circles). Mean
percent cover of seagrass during
standardized summer transect
sampling in the northern Indian
River Lagoon by the St. Johns
River Water Management District
(gray triangles)
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were collected in the 1.0–1.3 m depth range and only 3 fish
collected in depths ≥ 1.4 m. This species was slightly more
seasonally abundant during the Summer (June–August, n =
3149 fish) than during Spring (March–May, n = 2724 fish),
Fall (September–October, n = 2101 fish), and Winter
(December–February, n = 2317 fish).

Smaller-scale reductions in spatial distribution of this spe-
cies were observed from 2004 through 2018 than in previous
years (Figure 1). The observed reductions in the different
zones of the IRL were remarkably consistent, with an absence
of high catches (>50 individuals) and only a few medium
catches (11–50 individuals) of pipefish beginning in 2004–
2006, followed by a period of slight decline in 2007 and a
return to relative stability in 2008 and 2009 across all IRL
zones. The greatest change in spatial distribution and abun-
dance throughout the entire study occurred between the 2007–
2009 and 2010–2012 time periods. This sharp abundance de-
crease and spatial contraction were concurrent with the steep
decline (~13,000 ha loss) in seagrass coverage between 2009
and 2011 (Figure 1). This was then followed by consistently
low catches through the remainder of the study period. Only a
fewmedium catches (~2/year) throughout the entire IRL study
area and high catches were nonexistent from 2010 through
2018, with the majority of the seine hauls yielding no
S. scovelli (Figure 1). This species was strikingly absent in
the BRL from 2010 through 2018 concurrent with overall
seagrass reductions or total seagrass losses throughout much
of this zone.While the overall spatial distribution of S. scovelli
in the IRL was vastly compressed over this recent time inter-
val, the core distribution of the species remained relatively
stable, at significantly lower abundance levels, throughout
the period of abundance decline compared to pre-2004 years.

Discussion

Substantial negative effects on estuarine fish populations have
been directly related to anthropogenic stressors in perturbed
estuaries, with many fish species now less likely to occur in
more polluted or stressed estuaries (Toft et al. 2018). The
population dynamics and responses of sentinel fish species
can reveal underlying and sometimes cryptic or unobserved
complications in an ecosystem. Syngnathus scovelli is an ef-
fective sentinel species in the IRL and would be useful for
similar ecosystem applications in estuaries throughout the
southeastern United States.

Dramatic long-term declines in the S. scovelli population
were observed in the IRL during the study period. While the
population declines were concurrent with large-scale declines
in seagrass coverage, habitat, and water-quality degradation
(Morris et al. 2018, 2022; Lapointe et al. 2020), moderate
declines in S. scovelli were observed with moderate down-
ward trends in seagrasses before the onset of the precipitous

seagrass reductions observed during the middle of the study
period (2010–2012). The declines observed in this sentinel
species indicate chronic impairment to the estuary that may
have pushed the system beyond a functional threshold for
many fish species, including those that support regional fish-
eries, despite ongoing efforts to restore lost habitat and reduce
excess nutrient inputs (Adams et al. 2019).

Pipefish species are particularly sensitive to anthropogenic
stressors due to their unique reproductive strategy: they are
live bearers with males carrying developing offspring. In es-
tuarine systems, live bearers, such as pipefishes, have exhib-
ited a higher positive correlation with anthropogenic distur-
bance than egg guarders, egg scatterers, and broadcast
spawners (Iacarella et al. 2018). In addition, environmental
contaminants can significantly affect sexual selection in pipe-
fish and influence population viability (Partridge 2009) and
male S. scovelli receptivity and fitness (Rose et al. 2013).
Persistent organic contaminants (e.g., PCBs, organochlorine
pesticides, herbicides) have been detected in pipefish from
other lagoon ecosystems (Roche et al. 2009), and laboratory
studies with pipefish from the U.S. Atlantic demonstrated that
exposure to PCBs may have negative physiological effects on
reproduction during embryo development (Ripley and Foran
2008). Similarly, synthetic estrogen found in human contra-
ceptives and widely distributed within aquatic ecosystems
from wastewater treatment effluent caused reproductive fail-
ure in male S. scovelli in laboratory exposure studies (Rose
et al. 2013). An array of known endocrine-disrupting com-
pounds has been found in other fishes in the IRL (Weijs
et al. 2015; Xiaohong et al. 2017; Bangma et al. 2018), but
the direct effects of these contaminants on S. scovelli repro-
ductive output and population viability in the IRL are not well
understood.

Reproductive impairment has been directly observed with
regard to reduced brood sizes inmaturemale S. scovelli during
our monitoring efforts in the IRL. Typical brood sizes of ma-
ture male S. scovelli can range from 30 to 92 eggs or embryos
(Gasparini and Teixeira 1999). In Florida waters, this species
has been described as breeding year-round (Joseph 1957;
Brown 1972) and most males are pregnant during the majority
of the breeding season (Flanagan et al. 2014). We have ob-
served reduced brood sizes in several mature males, including
one of 73 mm standard length (specimen UF 244074), collect-
ed on March 1, 2018, in the IRL, carrying only 3 late-term
embryos (Supplemental Material Figure S1). Further research
is needed to determine whether these are isolated abnormali-
ties or if they are an increasing phenomenon, i.e., what is the
extent and what are the causes of these reduced broods for
S. scovelli in the IRL, as well as, whether reproductive fitness
and abundances observed in the population have been reduced
as a result.

Factors such as turbidity can also have negative effects on
the viability of pipefish populations (Sundin et al. 2010).
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Turbidity due to algae blooms directly impairs male
pipefishes’ choice of larger and possibly more fecund females
(Sundin, et al. 2016). This finding focused on the reduced
ability to function where sexual selection can behaviors rely
on vision, however more recent research suggests that nega-
tive effects of visibility reduced by algal blooms may be tem-
pered when pipefish can use other senses (Sundin et al. 2017).
In addition, pipefish and the closely related seahorses are vi-
sual feeders that have been found to feed mostly during the
crepuscular portions of the day and rarely to never at night
(Howard and Koehn 1985; Felício et al. 2006). Just as feeding
by pipefish is reduced during periods of hypoxia (Ripley and
Foran 2007), which sporadically occur in the IRL, food intake
is also likely reduced with the diminished water clarity caused
by long-duration harmful algal blooms, which occur in the
IRL, as visual detection of prey and feeding effectiveness
may be lessened. Effective prey detection may have been fur-
ther exacerbated by the subsequent loss of seagrass habitat.
Large reductions in seagrasses can potentially contribute to a
loss of sediment stabilization and decreased water clarity in
the study area (de Boer, 2007).

Syngnathus scovelli is often clearly associated with
seagrass ecosystems (Diaz-Ruiz et al. 2000; Matheson et al.
2008; Hughes et al. 2009), and a higher catch per unit effort in
seine hauls over habitat with 100% or moderate to high
(≥25%) seagrass coverage observed in this study further illus-
trate that association. In mesocosm experiments, S. scovelli
was referred to as a habitat generalist among Gracilaria
spp., Caulerpa spp. and the seagrass Halodule wrightii, but
had a strong preference for seagrass habitats (Krejci 2012).
While others have observed a positive relationship between
the abundance of S. scovelli and that of submersed aquatic
vegetation in the core range of this species (Thayer and
Chester 1989; Kulczycki et al. 1981; Rydene and Matheson,
2003; Matheson et al. 2008), S. scovelli does occur to a limited
degree in other habitat types (Targett 1984; Matheson et al.
2008). Our data indicate that S. scovelli does inhabit areas in
lagoon basins with low seagrass cover or no seagrass cover
and may use alternative habitats (e.g., Caulerpa spp., drift
algae Gracilaria spp., sponge reefs). This species is also
found in seagrass areas with damage from boat propellers
andmay occur in higher densities there than in unscarred areas
with less edge effect (Bell et al. 2002). Seagrass habitats with
boat propeller scarring are commonly observed during FWC-
FWRI Fisheries-Independent Monitoring. Optimal prey may
occur in seagrass habitat for this often seagrass-associated
species, although some species of pipefish have been found
in higher abundance at the edges of seagrass habitats than in
the middle of seagrass beds, which was found to be related to
prey availability and associated factors (Macreadie et al. 2010;
Smith et al. 2008, 2011). Syngnathus scovelli in areas of coast-
al Georgia, USA, at the northernmost portion of its range,
have occurred in areas with no seagrass in comparatively

small numbers (n = 34 fish, with only 2 adult males)
(Targett 1984), but the fitness and viability of that population,
or the available prey base in the region, have not been well
studied. Pregnant male S. scovelli under low-food conditions
have been shown to have lower growth rates than pregnant
males under high-food conditions (Paczolt and Jones 2015).
Similarly, reliance on seagrasses for hydrodynamic shelter has
been demonstrated for pipefishes and the degradation or loss
of seagrass habitats can increase energy expenditures that
could contribute to subsequent pipefish population declines
(Castejón-Silvo et al. 2021).

Declines in related pipefish species have been observed in
other estuarine habitats where a >95% reduction of critical
seagrass habitat has occurred (O’Leary et al. 2021). The oc-
currence of the most threatened syngnathid species in the
world, the Critically Endangered estuarine pipefish
Syngnathus watermeyeri, was positively related to the avail-
ability of submersed aquatic vegetation, and loss of this im-
portant habitat has caused local extinction of the species
(Claassens et al. 2022). The significantly reduced seagrass
habitat in the IRL in recent years most certainly has negative
effects on the IRL S. scovelli population andmay have directly
resulted in the declines we observed. Collectively, the lack of
available seagrass habitat may reduce optimum seagrass-
associated prey, increase energetic costs, increase predation
as a result of lack of appropriate cover, and ultimately lead
to negative growth rates and reproductive impairment.

Population genomics of S. scovelli from estuarine waters of
the Florida Atlantic coast indicate that specimens collected
from the Cape Canaveral area of the IRL to the north and
directly to the south of our core study area comprise one ge-
netic population (Flanagan et al. 2016). If the large-scale pop-
ulation declines observed in our study continue the current
abundance and distribution trajectories, there may be concern
regarding continued maintenance of population connectivity
of the northernmost and southernmost portion of the popula-
tion in estuarine waters of the Florida Atlantic coast.
Continued monitoring of this portion of the population and
expanded monitoring in the region are of critical importance
given the recently declining habitat conditions and water
quality-related issues in the IRL ecosystem.

The results of this study provide evidence of a steep decline
in a formerly robust S. scovelli population that reflects chang-
es in the overall ecological health of the Indian River Lagoon
system. These changes may suggest broader declines
around peninsular Florida and in similar estuarine systems
throughout the southeastern United States for this and re-
lated species. Detection of abundance and distribution
trends is only possible where effective long-term monitor-
ing programs exist. There is a critical need for long-term
monitoring of syngnathids, as abundance estimates and
population changes for these species can rely solely on
trade surveys in some parts of the world (Vincent et al.
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2011). Expanded research regarding population dynamics
of pipefishes in other estuaries and comprehensive study of
the mechanics of potential reproductive impairment in this
and other syngnathids is warranted. Recommended conser-
vation efforts for syngnathids have focused upon reducing
fishing pressure and protecting critical habitat (e.g.,
seagrasses) supported by effective monitoring efforts
(Pollom et al. 2021). For pipefishes such as S. scovelli, di-
rectly affected by habitat degradation, reducing seagrass
habitat loss needs to be a central management focus. Early
detection of decline in sentinel species, including
S. scovelli, allows for more rapid implementation of man-
agement actions to reduce the effects of anthropogenic
pressures on our aquatic systems and the fishes and fisher-
ies they support.
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