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ABSTRACT 

 

Concentric circular plots are widely used in terrestrial environments but are 

underutilized in marine environments. We tested the feasibility of using this method 

coupled with mark-resight and recapture designs within a Tampa Bay coastal marine 

seagrass bed. Two circular, 20-m diameter sites with four rings each were sampled 

during each event to collect adult Gulf pipefish, Syngnathus scovelli, a flagship species 

for seagrass ecosystems. In August 2022, we conducted a mark-resight experiment with 

7 sampling events that collected 2,065 adult pipefish (802 individuals marked) and 

registered 246 recaptures (193 distinct fish). Although the population surveyed was male 

biased, more females were recaptured. Additionally, recaptured males disproportionally 

moved within the sites and were repeatedly recaptured. The immigration-emigration 

mixed logit-normal Mark model could not converge due to its sensitive parameters but 

suggested a residential superpopulation. In February 2023, we conducted a standard 

mark-recapture with 6 sampling events that collected 194 adult pipefish (187 individuals) 

and registered 6 recaptures (5 distinct fish). The POPAN Mark model estimated a 

superpopulation of 1,967 fish surrounding our sites and indicated a transient 

superpopulation. Repeated sampling disturbance within the sites had no significant 

impact on fish densities, but the seagrass habitat experienced significant negative 

effects. Data collected using concentric circular plots and linear transects during this 

study were similar. Therefore, our results indicate concentric circular plots are feasible in 

coastal marine environments and can be coupled with marking techniques to elucidate 

movement patterns and habitat use, but future use of this methodology should monitor 

habitat sampling effects. 
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INTRODUCTION 

Concentric circular plots are a field technique to collect data where circles with 

varying radii are nested within one another to create rings. This methodology has been 

used to conceptually visualize positions, measure the distance from a centralized area, 

and estimate densities across research disciplines like music theory, engineering, 

electromagnetics, and ecology (Benadon 2007; Hao et al. 2009; Hamdi et al. 2016). 

Most ecological applications of concentric circular plots have been focused on forest 

ecosystems due to their various applications in terrestrial ecology. They have been used 

for censusing trees and estimating national forest inventories as well as a technique for 

bird censuses and assessing habitats surrounding bird nests (Nanos and de Luna 2017; 

Reynolds et al. 1980; Ripple et al. 1997). Other terrestrial studies have used concentric 

circular plots to test plant regrowth after burning and estimating deer density from pellet 

counts (Del Barrio et al. 1999; Smith 1968).  

There has been limited use of concentric circular plots in the marine 

environment. Schoch et al. (2014) and Daugomah et al. (2007) utilized the idea of 

concentric circular plots as buffers within mapping software to classify marine habitats 

and grass shrimp densities. Findlay et al. (1995) had a simplified field application where 

they sampled sediment at fixed distances using the cardinal directions around a salmon 

pen. To our knowledge, only Dumont et al. (2004) has utilized concentric circular plots 

within the marine field to test animal density and movement. Their study used green sea 

urchins, Strongylocentrotus droebachiensis, to combine concentric circular plots with 

marking techniques to assess the movement of tagged individuals within their sites at 8 

– 10 m depth. They recognized the potential of concentric circular plots coupled with 

marking techniques, like mark-recapture, for identifying a species’ density, habitat usage, 

and small-scale movement patterns within an environment; however, this methodology 
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needs to be tested to determine if it has wider applications than urchin barrens and can 

be used across coastal marine environments. 

Mark-recapture techniques have long been utilized for estimating population 

sizes but have not been coupled with concentric circular plots in a marine ecosystem. 

These marking techniques within a marine seagrass environment have primarily focused 

on economically important species (e.g., red drum, Sciaenops ocellatus, Williams et al. 

2016; gag grouper, Mycteroperca microlepis, Koenig and Coleman 1998; blue crab, 

Callinectes sapidus, Etherington et al. 2003; Johnson and Eggleston 2010) or on 

threatened species (e.g., green sea turtle, Chelonia mydas, Lelong et al. 2024; hawksbill 

sea turtle, Eretmochelys imbricata, Bjorndal and Bolten 2010; dugong, Dugong dugon, 

Lanyon et al. 2002). Common tagging methods are physical tags that are attached 

externally (Koenig and Coleman 1998; Lanyon et al. 2002; Bjorndal and Bolten 2010), 

physical internal tags (Williams et al. 2016; Etherington et al. 2003; Johnson and 

Eggleston 2010; Lelong et al. 2024; Lanyon et al. 2002), and body patterning unique to 

individuals for identification (Correia et al. 2014; Martin-Smith 2011). Although tagging 

methods vary between species due to their behavior and environment, assessing 

species with mark-recapture requires background knowledge on the natural history of 

the species (Cooch and White 2022).  

Tampa Bay, Florida provides a model costal ecosystem to test mark-recapture 

techniques within concentric circular plots. Tampa Bay is a large, semi-enclosed estuary 

with a bay-wide mean depth of 4 m and shipping channels dredged to about 13 m depth 

(Greening et al. 2018). The region experiences a wet season from June to September 

with an increase in both rainfall and temperatures and then a dry season from October to 

May with decreased rainfall and cooler temperatures (Beck et al. 2024). There is a 

salinity gradient across the Bay with higher salinity at the mouth and lower salinity in the 
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upper Bay due to the freshwater input, but this gradient becomes less differentiated 

across Tampa Bay during the dry season (Beck et al. 2024; Dusek et al. 2017). Although 

water temperature changes seasonally, there is no temperature gradient across and 

within the Bay like the salinity gradient. (Dusek et al. 2017).  

 Tampa Bay has shallow seagrass beds which are a primary indicator of Tampa 

Bay’s health (Beck et al. 2024). This vital ecosystem is dominated by Thalassia 

testudinum, Halodule wrightii, and Syringodium filiforme (Sherwood et al. 2017). The 

seagrasses undergo seasonal changes with their peak growing season from July to 

October. The blades then die off for the winter and the short shoots begin to regrow 

around February (Beck et al. 2024, personal observation). Historically, Tampa Bay has 

been a model estuary for seagrass restoration. Nutrient pollution, anthropogenic 

activities (dredging), and population growth contributed to about a 50% seagrass loss 

between the 1950s and 1980s (Greening et al. 2018). Since then, seagrass has 

recovered to pre-1950s coverage thanks to public and private efforts to reduce nutrients 

and increase water clarity (Greening et al. 2018; Lizcano-Sandoval et al. 2023); 

however, there has been seagrass loss since 2016 associated with warmer water 

temperatures and decreased salinity within the Bay (Beck et al. 2024). Monitoring 

flagship species, like syngnathids, living within these seagrass beds can be used as a 

proxy to understand how the current seagrass loss (tied to new stressors) affects local 

fauna and as a tool for conservation efforts (Shokri et al. 2009).  

The Gulf pipefish, Syngnathus scovelli, is one of seven species of syngnathids in 

Tampa Bay (Masonjones et al. 2010). They have a polyandrous mating system with sex-

role reversal (Jones and Avise 1997). Male S. scovelli have a brood pouch to carry 

embryos full term and females have bright iridescent bands as a secondary sex trait 

(Jones and Avise 1997; Joseph 1957). They live within submerged aquatic vegetation 
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ranging from Florida’s Atlantic coast, around the Gulf of Mexico, and down to Brazil 

(Adams et al. 2022; Joseph 1957; Flanagan et al. 2021; Díaz-Ruiz et al. 2000; Gasparini 

and Teixeira 1999). Recently, there have been population declines of S. scovelli on 

Florida’s east coast due to the decline in seagrass coverage (Adams et al. 2022). 

Considering the recent seagrass declines in Tampa Bay (Beck et al. 2024), the lack of 

recently published S. scovelli population monitoring (Masonjones et al. 2010), and their 

role as a flagship species for seagrass beds (Shokri et al. 2009), current Gulf pipefish 

population assessments are needed. Therefore, using Gulf pipefish as a model system 

for testing coastal concentric circular plots coupled with mark-recapture techniques 

would establish current population benchmarks. 

In our study, we aimed to test if 1) concentric circular plots are feasible in a 

coastal marine environment and can be coupled with mark-recapture techniques to 

assess habitat usage and small-scale movement patterns; 2) mark-resight and mark-

recapture models can estimate and compare population sizes of our model organism S. 

scovelli; 3) identify Gulf pipefish habitat usage, site fidelity, and differences between 

sexes; 4) concentric circular plot results are similar to linear transect results; and 5) the 

concentric circular plot methodology impacted the environment. We hypothesize 

concentric circular plots will be repeatable, they can elucidate movement patterns, and 

that S. scovelli populations will change seasonally with the seagrass. Additionally, we 

hypothesize concentric circular plot methodology will produce similar results to linear 

transects and its environmental impact will be dependent on the amount of disturbance 

during sampling. 
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METHODS 

Site selection 

Our study area occurred within a Thalassia testudinum dominated seagrass bed 

located in Old Tampa Bay near Port Tampa (N 27.872333, W -82.536500). The seagrass 

bed is semi-protected from open waters with a sandbar on the west side and is bordered 

by mangroves with residential areas on the east side. Fishermen often frequent the 

seagrass bed for bait collection or fishing (J. Ambrosio personal communication). 

Several syngnathid studies have occurred near this location due to its robust population 

of dwarf seahorses, Hippocampus zosterae, and Gulf pipefish (Masonjones et al. 2010; 

Masonjones et al. 2019; Rose et al. 2019; Tosto et al. 2023). We performed a pilot study 

May – July 2022 to determine Syngnathus scovelli densities across the seagrass bed. 

The highest densities occurred within the T. testudinum dominant middle corridor of the 

continuous seagrass bed. Two sites (North and South) were established within the T. 

testudinum dominant corridor (Fig. 1). Sites were selected for visibly similar habitats and 

seagrass coverage. At establishment, both sites had 100% T. testudinum coverage 

within the site which equates to a maximum score of 5 on the Braun-Blanquet cover-

abundance scale (Poore 1955). The two sites were located 168 m apart which 

encompassed the furthest distance S. scovelli travelled in the previous mark-recapture 

study (Masonjones et al. 2010; Masonjones and Rose unpublished data). At each site, 

four concentric circular plots 1.5 m wide were centered on the site and had a 1 m 

walking space between each ring (Fig. 2). The sample site had a radius of 10 m and the 

transects covered a total area of 207.34 m2. Ring 1, the innermost ring, was horizontally 

divided in half for two transects. Rings 2 and 3 were divided evenly into four transects 

using the cardinal directions. Ring 4, the outermost ring, was divided evenly into eight 

transects using the cardinal and ordinal directions. In addition to this paper’s sampling, 
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these sites were sampled once a month September 2022 – July 2023 for a yearlong 

population study (unpublished). All fish were collected under Florida Fish and Wildlife 

Conservation Commission’s Special Activity License #SAL-22-2455-SR and handled in 

compliance with Valdosta State University’s Animal Use Protocol #AUP-00082-2022. 

Data collection 

During a sampling event, at each site one person would stand in the center with 

a pole orienting the cardinal and ordinal directions. A rope would connect the center pole 

to a 1.5 m wide push net described by Strawn (1958) and modified with zip ties as 

described by Masonjones et al. (2010) to comb through the seagrass. Transect sampling 

would start in Ring 4 and work clockwise. Once a ring was completed, we would move 

inwards to the next ring. This limited fish from leaving the site while we were collecting. 

 

 
 

Fig. 1 Location of the North Site in red and the South Site in blue within a continuous 
seagrass bed in Tampa Bay. Images were taken in Arc Pro software, version 3.2.1 
(ArcGIS, ESRI, Redmond, CA, USA) with the light gray base layer and imagery hybrid 
base layer. 
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Gulf pipefish collected within the transects were then separated into adults and juveniles 

(lacking female banding or male brood pouch) and the demographics were recorded. 

Once the site was completely sampled, juveniles were released in the center of the site 

and adults were processed. Adult S. scovelli were then lightly anesthetized and marked 

on days designated for marking using Visible Implant Fluorescent Elastomer tags (VIFE; 

Northwest Marine Technology, Inc) following protocols in Woods and Martain-Smith 

(2004) in addition to Masonjones et al. (2010). Tags were placed intradermally on the 

ventral tail posterior to the urogenital pore in females or the brood pouch in males (Fig. 

3). The position of the tags along with the tag color indicated the day and the site where 

the fish were collected (Fig. 4). Tag colors that looked similar to each other, identified by 

 

 
 

Fig. 2 Diagram of the concentric circular plots at each site with a 10 m radius. Each ring 
(dark gray) is 1.5 m wide with a 1 m walking buffer (light gray) in between. At the center, 
a pole is connected to the sampling net with a rope. Ring 4 is broken into 8-10.90 m2 
transects, Ring 3 is broken into 4-15.9 m2 transects, Ring 2 is broken into 4-10.02 m2 
transects, and Ring 1 is broken into 2-8.25 m2 transects. The transects cover a total of 
207.34 m2. The figure was created with Arc Pro software, version 3.2.1 (ArcGIS, ESRI, 
Redmond, CA, USA). 
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Fig. 3 Location of the subcutaneous marking area on Syngnathus scovelli’s ventral tail. 
Female (top) marks are located posterior to the urogenital pore and male (bottom) marks 
are located posterior to the brood pouch. 
 

 

 
 
Fig. 4 Representative pictures of the position and color of marks for August (on the left) 
and February (on the right). All photographs are oriented with the female urogenital pore 
and the male brood pouch on the left. a) North Site marks with Aug. 1st red in position 1, 
Aug. 13th yellow in position 2, and Aug. 27th red in position 3. b) South Site marks with 
Aug. 1st green in position 1, Aug. 13th orange in position 2, and Aug. 27th green in 
position 3. c) and d) are the North Site and South Site marks, respectively, fluorescing 
under UV light. e) North Site marks with Jan. 29th red in position 1, Feb. 2nd yellow in 
position 2, Feb. 6th yellow in position 3, Feb. 10th red in position 4, Feb. 17th red in 
position 5, and Feb. 25th yellow in position 6. f) South Site marks with Jan. 29th green in 
position 1, Feb. 2nd orange in position 2, Feb. 6th orange in position 3, Feb. 10th green in 
position 4, Feb. 17th green in position 5, and Feb. 25th orange in position 6. 
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Curtis (2006), were not used in the same tag position for the North Site versus South  

Site color order and the August tagging pattern was different than February. The fish 

were then photographed with a metric scale for a full body picture, a head picture, a 

band picture for females, and brood pouch picture for males. These pictures were then 

catalogued with their sex and reproductive status. After processing, the adults were 

released at the center of their respective sites and there was no mortality during the 

marking and holding process.  

Abiotic parameters were collected at each site during all sampling events. For 

each site, the start time, depth (cm), the amount of time it took to sample, and the 

number of people within the site were recorded. Water quality samples were collected 

mid-depth upon arrival to the sites and tested for water turbidity (Oakton T-100 

Turbidimeter, measured in nephritic turbidity units, ntu), salinity (Extech refractometer, 

Model RF20, ppt), pH (API), phosphate (API, ppm), ammonia (API, ppm), nitrite (API, 

ppm), and nitrate (API, ppm). In addition, pH, water temperature (°C), and salinity (ppt) 

were collected with a multiparameter meter (Extech Instruments Model DO700). We 

tried measuring flow rate with a stream flowmeter (Geopacks MFP51), but the tidal flow 

was less than the meter’s range of 0.05 m/s and therefore not collected. Tide height 

(MLLW, m), wind speed (m/s), wind direction, air temperature (°C), barometric pressure 

(mb), and water temperature (°C) were collected from NOAA’s Old Port Tampa Station 

#8726607. Repeated measurements for the same tests were averaged together.  

Biotic factors within the sites were measured as well. Total vegetative coverage 

including macroalgae, seagrass coverage and coverage by seagrass species was 

measured with the Braun-Blanquet System using a 0.25-m square quadrat (Poore 1955; 

Sherwood et al. 2017). In August and October, coverage was recorded directly outside 

of Ring 4 where we walked for each site’s cardinal direction. Within the sites, handfuls of 
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macroalgae collected in the net were recorded and converted into estimated dry weight. 

Six representative samples of macroalgae handfuls were dried and weighed using 

Protocol: Seagrass Macroalgae (2020). After completion of the mark-recapture studies in 

February 2023, we conducted a one-month and four-month post assessment seagrass 

survey. During these coverage surveys, each site had 60 total, evenly spaced locations 

that were sampled within the rings and the walking area directly outside of Ring 4. In 

addition, seagrass blade counts, short shoot counts, and 6 blade heights were recorded 

0.75 m outside of Ring 4 in the walking area, between Rings 3 and 4, in the middle of 

Ring 3, between Rings 1 and 2, and in the middle of Ring 1 at evenly spaced locations in 

each site (Short and Coles 2001). 

Random sampling outside of sites 

Outside locations within the seagrass bed were sampled using linear transects 

following the Masonjones et al. (2010) protocols and compared to our sites. We 

randomly sampled four locations in June 2022, 12 locations in July, 20 locations in 

October, 21 locations in March 2023, 33 locations in April, and 41 locations in July 

across the T. testudinum dominant areas surrounding our sites (Fig. 5). Location, fish 

density, demographics, and seagrass percent cover were recorded. In addition, blade 

counts, short shoot counts, and 6 blade heights were recorded for each location in April 

and July (Short and Coles 2001). GPS points were recorded (Garmin GPSMAP 78S) 

and then displayed in Arc Pro software, version 3.2.1 (ArcGIS, ESRI, Redmond, CA, 

USA). All maps were made with a WGS 1984 projection. 

Mark models and analysis 

We conducted a mark-recapture study in August 2022 and February 2023 to test 

if our sampling method was repeatable in addition to estimating S. scovelli’s population. 

Due to the high number of fish captured in August, we used the immigration-emigration 
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Fig. 5 Locations of random sampling outside of the North Site (white triangle) and South 
Site (white square) used to compare inside the sites to outside the sites. There were 16 
samples for before sampling (red), 20 samples for one month post mark-resight (yellow), 
21 samples for two weeks post mark-recap (green), 33 samples for one month post 
sampling (blue), and 41 samples for four months post sampling (purple). The image was 
taken in Arc Pro software, version 3.2.1 (ArcGIS, ESRI, Redmond, CA, USA) with the 
imagery base layer. 
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mixed logit-normal model for mark-resight sampling. There were three primary intervals 

each consisting of two secondary sampling occasions. The first primary interval had 

marks introduced on August 1st with secondary sampling on August 5th and 13th. The 

second primary interval had marks introduced on August 13th with secondary sampling 

on August 18th and 27th. The third primary interval had marks introduced on August 27th 

with secondary sampling on August 31st and September 16th. This led to seven sampling 

occasions with an average of 6.5 days (SE = 1.95) in between samples. During the first 

sampling occasion, adults from all four rings were collected and marked. In subsequent 

resights and markings, unmarked fish in Ring 4 were not marked and catalogued due to 

time and labor constraints. August mark-resight data was analyzed with Program Mark 

(Version 10.0; White and Burnham 1999) and the RMark package (Laake 2013) in R (R 

Core Team 2021). One requirement of the model we failed to meet was identifying the 

number of marked fish in the study area prior to resights. Since the walking areas were 

the only sections not sampled in the study site, and walking within the area would disturb 

the pipefish into relocating, we assumed the number of recaptures in the study area was 

the number of available marked fish in the study site. Possible abiotic and biotic 

covariates had their variance tested across the experiment (Table 1). If the standard 

deviation was over 1, then the covariate averages by day were incorporated into the 

Mark model’s framework. 

 In February, we conducted a standard mark-recapture sampling scheme with 6 

sampling occasions (Jan 29, Feb 2, 6, 10, 17, 25) with an average of 4.6 days (SE = 

0.98) between samples. Adult S. scovelli collected from all four rings were marked and 

catalogued. The mark-recapture data were analyzed using a POPAN model in Program 

Mark (Version 10.0; White and Burnham 1999) and RMark (Laake 2013; R Core Team 

2021). Fish were coded without individual heterogeneity since they were marked for their 



13

Table 1 List of the possible mark-resight and mark-recapture covariates with their mean 
and standard deviation (± SD) for August 2022 and February 2023. The covariates used 
within the monthly models are designated with an asterisk (*). 
 

 Covariate 
August 2022 

Mark-resight model 
 (mean ± SD) 

February 2023 
Mark-recapture model 

(mean ± SD) 

En
vi

ro
nm

en
ta

l 

Total seagrass Braun-Blanquet 
coverage 

4.21 ± 1.10 2.73 ± 0.85 

Thalassia testudinum Braun-Blanquet 
coverage 

3.58 ± 1.70 2.23 ± 1.03 

Syringodium filiforme Braun-Blanquet 
coverage 

0.16 ± 0.55 0 ± 0 

Halodule wrightii Braun-Blanquet 
coverage 

0.64 ± 1.38 0.3 ± 0.72 

Macroalgae Braun-Blanquet coverage 0.67 ± 0.76 0.5 ± 0.88 

Macroalgae density (estimated g/m2) 1.09 ± 1.00* 2.59 ± 4.38* 
Time between samples (days) 6.5 ± 4.76* 4.6 ± 2.19 

Number of previous disturbances 
(days) 3 ± 2.16* 2.5 ± 1.87* 

Fi
sh

 Total density (fish/m2) 1.11 ± 0.73 0.18 ± 0.17 

Adult density (fish/m2) 0.74 ± 0.51 0.08 ± 0.10 

O
bs

er
-

ve
r Number of people in circle 4.57 ± 0.94* 4 ± 1.71* 

Total time it took to sample (minutes) 87.92 ± 26.68* 55.08 ± 18.97* 

Ph
ys

ic
al

 

Time of day (hours) 10.52 ± 1.54* 10.73 ± 1.67* 
Depth during sampling (cm) 87.45 ± 12.96* 59.67 ± 22.97* 
Wind speed (m/s) 2.56 ± 0.70 3.33 ± 2.23 

Wind direction (degrees) 143.93 ± 36.37 182.5 ± 72.37 

Air temperature (°C) 28.55 ± 1.71 21.91 ± 1.82 

Barometric pressure (mb) 1017.86 ± 2.47* 1022.67 ± 2.45* 
Water temperature (°C) 32.67 ± 0.64* 23.23 ± 1.79* 
pH 8.10 ± 0.12 8.04 ± 0.09 

Turbidity (ntu) 2.59 ± 0.79* 1.78 ± 1.01* 
Phosphate (ppm) 0.07 ± 0.12 0.25 ± 0.1 

Ammonia (ppm) 0.02 ± 0.05 0.07 ± 0.14 

Nitrite (ppm) 0 ± 0 0 ± 0 

Nitrate (ppm) 0 ± 0 0.83 ± 1.95 

Salinity (ppt) 27.75 ± 0.87 27.83 ± 0.83 
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location and day. The abiotic and biotic covariates collected were assessed for their 

variance across the month (Table 1). If the standard deviation was over 1, the covariate 

averages by day were incorporated into the Mark model’s framework. 

During both marking studies, recaptures were identified visually in the field and 

by UV light while being processed. The full body photographs taken during processing  

were used to collect standard length (tip of snout to base of caudal fin) and body width 

measurements for all fish using Image J (Schneider et al. 2012). The facial photographs 

and female band photographs were used to identify individual fish. Gulf pipefish seem to 

have individually unique line patterns across the face and the females seem to have 

individually unique iridescent banding patterns. Both the facial photographs and female 

band photographs were used in I3S Pattern (Version 4.02; Hartog and Reijns 2014) and 

Wild-ID (Version 1.0; Bolger et al. 2011), but both programs failed to identify individuals. 

Recaptured fish were then matched visually using the combination of facial and band 

patterning with morphometric measurements. This allowed for the creation of a more 

robust capture history for both months. 

Statistical analysis 

August recaptures were tested for an association between recapture status and 

sex using a Fisher’s Exact Test in R (R Core Team 2021). This association could not be 

tested in February since only one male was recaptured. Sex ratio was analyzed across 

each experimental month using a Paired T-test comparing male and female counts 

paired by date. February counts were normalized using a square root transformation. 

Within August, the sex ratio was inconsistent across the month (Paired T-test, t6 = 3.83, 

p = 0.0087) so an ANOVA was used to test the change in sex ratio across the 

experiment’s duration. 
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To investigate movement patterns, the site rings were translated into distance 

away from the site’s center release point. Since there was a small number of recapture 

events in February, only the mark-resight experiment in August was used for movement 

patterns within the sites. Recapture events were tested for equal distribution across the 

ring distances using a Χ2 test. Movement outside of the sites was measured from the 

GPS location of the recaptured fish to its marked site’s center release point in ArcPro 

(ArcGIS, ESRI, Redmond, CA, USA). For all recaptured fish, the change in standard 

length between recaptures was then divided by the days between recaptures to estimate 

growth rates. Caudal fin regrowth from the base of the caudal fin to the tip was also 

measured in ImageJ (Schneider et al. 2012). 

Density changes within each site across the mark-resight and mark-recapture 

experiments were tested with an ANOVA. Differences in densities between inside and 

outside the sites were tested at 6 time points: before sampling comparing August 1st 

sites to June and July random samples, one month post mark-resight comparing sites 

and random samples in October, immediately after mark-recapture comparing February 

25th sites to March random samples, two weeks after mark-recapture comparing sites 

and random samples in March, one month post sampling comparing sites and random 

samples in April, and four months post sampling comparing sites and random samples in 

July. Comparison across months for before sampling and immediately after mark-

recapture were reasonable since previous seasonal densities were similar across the 

months compared (Masonjones et al. 2010). Outside random samples were categorized 

for North or South based on their proximity to the closest site. All data were tested for 

normalcy with the Shapiro-Wilk Normality Test in R (R Core Team 2021) and non-normal 

data were transformed to normal with a square root transformation or a natural log 

transformation with an added constant of 1 to correct for zeros in the data.  
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To determine the appropriate testing for comparing both inside the sites and 

outside random samples, North and South were compared using a Welch Two Sample 

T-test for normalized data or a Wilcoxon Rank Sum Test with continuity correction for 

non-normalized data in R (R Core Team 2021). The before sampling time point in 

August had a significant density difference between inside North Site and South Site (T-

test, t22.92 = -3.82, p = 0.00088), but not within the outside samples (T-test, t3.91 = 0.58, p 

= 0.59). Due to the significance, the inside to outside comparison was analyzed with a 

two-way ANOVA followed by a post-hoc Tukey Honestly Significant Difference Test. All 

other time points had no difference between North and South inside the sites (one month 

after mark-resight: T-test, t34 = -1.13, p = 0.27; immediately after mark-recapture: 

Wilcoxon Test, W = 159, p = 0.93; two weeks after mark-recapture: Wilcoxon Test, W = 

125.5, p = 0.19; one month post sampling: Wilcoxon Test, W = 164.5, p = 0.95; four 

months post sampling: T-test, t32.46 = 0.086, p = 0.93) and therefore North and South 

data were combined. Additionally, there was no difference between North and South 

within the outside samples (one month post mark-resight: T-test, t9.64 = -0.89, p = 0.40; 

immediately after and two weeks after mark-recapture: Wilcoxon Test, W = 27, p = 0.14; 

one month post sampling: Wilcoxon Test, W = 93, p = 0.25; four months post sampling: 

T-test, t30.17 = -1.36, p = 0.18) so the North and South data were combined. The 

combined densities inside the sites were compared to the combined densities outside 

the sites using a Welch Two Sample T-test for normalized data or a Wilcoxon Rank Sum 

Test for non-normalized data in R (R Core Team 2021). 

Sampling effects on total vegetative coverage (including macroalgae coverage) 

and seagrass coverage used similar timepoints as the density comparisons at before 

sampling, one month post mark-resight, one month post sampling, and four months post 

sampling. All seagrass comparisons were tested for normality using Shapiro-Wilk 
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Normality Test then compared with a T-test for normalized data or a Wilcoxon Rank Sum 

Test for non-normalized data in R (R Core Team 2021). Inside the sites, walking area 

and net samples were tested for differences within disturbance type. They were then 

combined and compared to samples outside of the sites since both sites experienced 

the same amount of disturbance. Total coverage and seagrass coverage using the 

Braun-Blanquet system were treated as continuous data without transformations 

(Furman et al. 2018). Seagrass blade count, short shoot count, and averaged blade 

height were compared using T. testudinum since Halodule wrightii was recorded in the 

sites, but with low sample sizes.  
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RESULTS 

Methodology and mark-recapture 

During our August mark-resight experiment, we collected a total of 2,065 adult 

Syngnathus scovelli, cataloged 1,495 fish, and created capture histories for 1,255 

individuals. There were a few fish who escaped between collection and 

photographing/marking, so some totals fluctuate. Each sampling averaged 295 fish (n = 

7, SE = 38.84, range = 185 – 502). We collected a total of 1,373 males (average per 

collection date = 196.14, SE = 32.00, range = 105 – 369) and 692 females (average per 

collection date = 98.86, SE = 7.10, range = 80 – 133). We marked a total of 871 fish 

(622 male, 249 female) with 500 marks on August 1st (370 male, 130 female), 202 marks 

on August 13th (141 male, 61 female), and 169 marks on August 27th (111 male, 58 

female) (Table 2). There were 246 registered recapture events (159 male, 87 female).  

 
Table 2 Male (M) and female (F) recaptures across both sites during the mark-resight 
method in August 2022. The number of fish captured includes fish collected but not 
marked in Ring 4. The percentage recaptured is calculated by the number of fish 
recaptured divided by the total individual fish marked to date. 
 

Day Date 
Number 
of Fish 

Captured 

Total 
Marking 

Occasions 
to Date 

Total 
Individual 

Fish 
Marked to 

Date 

Number 
of Fish 
Recapt-

ured 

Percent 
Recaptured 

Number of Marks 
Recaptured 

1 
mark 

2 
marks 

3 
marks 

1 
mark 

Aug. 
1 

M: 370 
F: 133 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

2 
Aug. 

5 
M: 177 
F: 86 

M: 370 
F: 130 

M: 370 
F: 130 

M: 24 
F: 20 

M: 6.49% 
F: 15.38% 

M: 24 
F: 20 

M: - 
F: - 

M: - 
F: - 

3 
mark 

Aug. 
13 

M: 223 
F: 114 

M: 370 
F: 130 

M: 370 
F: 130 

M: 18 
F: 10 

M: 4.86% 
F: 7.69% 

M: 18 
F: 10 

M: - 
F: - 

M: - 
F: - 

4 
Aug. 
18 

M: 188 
F: 100 

M: 511 
F: 191 

M: 493 
F: 182 

M: 45 
F: 19 

M: 9.13% 
F: 10.44% 

M: 39 
F: 17 

M: 6 
F: 2 

M: - 
F: - 

5 
mark 

Aug. 
27 

M: 169 
F: 93 

M: 511 
F: 191 

M: 493 
F: 182 

M: 28 
F: 18 

M: 5.68% 
F: 9.89% 

M: 22 
F: 14 

M: 4 
F: 2 

M: - 
F: - 

6 
Aug. 
31 

M: 142 
F: 86 

M: 622 
F: 249 

M: 578 
F: 224 

M: 24 
F: 17 

M: 4.15% 
F: 7.59% 

M: 18 
F: 14 

M: 4 
F: 3 

M: 2 
F: 0 

7 
Sept. 

16 
M: 105 
F: 80 

M: 622 
F: 249 

M: 578 
F: 224 

M: 20 
F: 3 

M: 3.46% 
F: 1.34% 

M: 16 
F: 3 

M: 4 
F: 0 

M: 0 
F: 0 
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Some fish were recaptured more than once, so the total individual fish recaptured was 

193 (120 male, 73 female) and the total number of individual fish marked was 802 (578 

male, 224 female) (Table 2). 

Capture histories were developed with confirmed and artificial encounter data. All 

fish that were recaptured with the previous collection’s mark (i.e., recaptures on Aug. 5th 

with marks from Aug. 1st) were not matched to their original marking photo and instead 

artificial encounter histories were created. Fish that were recaptured past the initial 

recapture (i.e., recaptures on Aug. 13th with marks from Aug. 1st) were visually assessed 

for matches with prior recaptured fish having the same mark and if they matched, a 

confirmed encounter history would be used. Lastly, fish with multiple recaptures were 

matched to create confirmed encounter histories past their initial recapture.  

 The highly sensitive immigration-emigration mixed logit-normal model failed to 

converge in both Program Mark and Rmark. The model was run with the individual fish 

marked superpopulation (500, 500, 675, 675, 802, 802), the unmarked seen (217, 306, 

223, 215, 186, 161), 0 marks unidentified, time intervals indicating shifts between 

primary sampling occasions (0, 1, 0, 1, 0), and σ fixed to 0 since the fish were not 

marked for individual heterogeneity (Cooch and White 2022). The environmental 

covariates tested as individual additives to the model were macroalgae density, time 

between sampling, number of previous disturbances, number of people in the circle, total 

time it took to sample, time of day, depth during sampling, barometric pressure, water 

temperature, and turbidity (Table 1). Seagrass characteristics were not included in the 

models because they were previously statistically analyzed to determine if the variation 

was large enough to meet our cutoff for incorporating into Mark and barometric pressure 

encompassed weather variation. Although the model without covariates (32 individual 

models) and the model with covariates (624 individual models) could not converge, 
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across the top models the estimated number of fish utilizing the area around the sites 

was similar to the average number of fish for each sampling occasion. Also, the top 

models suggested the time between sampling events may impact capture probability. 

 During the February mark-recapture, we collected a total of 194 adult S. scovelli, 

cataloged 193 fish since one male escaped before photographing/marking, and created 

capture histories for 187 individual fish. Each sampling averaged 32.33 fish (n = 6, SE = 

7.15, range = 13 – 63). We collected a total of 107 males (average per collection date = 

17.83, SE = 3.30, range = 6 – 29) and 87 females (average per collection date = 14.5, 

SE = 4.14, range = 7 – 34) (Table 3). We marked a total of 193 fish (106 male, 87 

female) with 6 registered recapture events (1 male, 5 female) (Table 3). One fish was 

recaptured twice, so the total individual fish marked was 187 (105 male, 82 female). 

Each fish was visually matched back to their original tagging event to create the capture 

histories.  

 
Table 3 Male (M) and female (F) recaptures across both sites during the mark-recapture 
method in February 2023. The percentage recaptured is calculated by the number of fish 
recaptured divided by the total individual fish marked to date. 
 

Day Date 
Number 
of Fish 

Captured 

Total 
Marking 

Occasions 
to Date 

Total 
Individual 

Fish 
Marked to 

Date 

Number 
of Fish 
Recapt-

ured 

Percent 
Recaptured 

Number of Marks 
Recaptured 

1 
mark 

2 
marks 

3 
marks 

1 
Jan. 
29 

M: 29 
F: 34 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

2 
Feb. 

2 
M: 23 
F: 14 

M: 28 
F: 34 

M: 28 
F: 34 

M: 0 
F: 3 

M: 0% 
F: 8.82% 

M: 0 
F: 3 

M: - 
F: - 

M: - 
F: - 

3 
Feb. 

6 
M: 18 
F: 10 

M: 51 
F: 48 

M: 51 
F: 45 

M: 1 
F: 0 

M: 1.96% 
F: 0% 

M: 1 
F: 0 

M: 0 
F: 0 

M: - 
F: - 

4 
Feb. 
10 

M: 6 
F: 7 

M: 69 
F: 58 

M: 68 
F: 55 

M: 0 
F: 1 

M: 0% 
F: 1.82% 

M: 0 
F: 1 

M: 0 
F: 0 

M: 0 
F: 0 

5 
Feb. 
17 

M: 19 
F: 15 

M: 75 
F: 65 

M: 74 
F: 61 

M: 0 
F: 1 

M: 0% 
F: 1.64% 

M: 0 
F: 0 

M: 0 
F: 1 

M: 0 
F: 0 

6 
Feb. 
25 

M: 12 
F: 7 

M: 94 
F: 80 

M: 93 
F: 75 

M: 0 
F: 0 

M: 0% 
F: 0% 

M: 0 
F: 0 

M: 0 
F: 0 

M: 0 
F: 0 
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The POPAN model converged in both Program Mark and Rmark with these  

capture histories. The covariates used in the model framework were macroalgae density, 

number of previous disturbances, number of people in the circle, total time it took to 

sample, time of day, depth during sampling, barometric pressure, water temperature, 

and turbidity. Seagrass characteristics were not included since they are statistically 

analyzed separately, the time between samples is coded into the model itself, barometric 

pressure represented weather variation, and nitrate was not included because it did not 

affect the sampling. Each covariate was added by itself to the models to identify that the 

number of people in the circle and the turbidity influenced the top models. The two 

covariates were then used for candidate models with additive effects to find the top 

model out of 343 models. The best fitting model was Phi(.) p(.) pent(number of people in 

the circle) N(.) with an AIC of 102.85 and a weight of 0.07. In this model, the probability 

of survival between sampling events, the probability of capture during a sampling event, 

and the superpopulation estimate were all time independent. Additionally, the probability 

of fish entering and exiting the sites was dependent on the number of people in the 

circle. The model estimated a density-dependent superpopulation of 1,967 fish 

surrounding the sites. 

Recapture rates and sex ratio 

In August, the overall male recapture rate was 27.51% and the overall female 

recapture rate was 38.84%. The recapture rate during each sampling period varied for 

both males and females and across sites (Tables 2, 4, and 5). Across both sites, males 

had an average recapture rate of 5.63% (n = 6, SE = 0.76%) and females had an 

average recapture rate of 8.72% (n = 6, SE = 1.74%) during the sampling periods (Table 

2). During the mark-resight experiment, there was a significant association between 

recapture status and sex (Fisher’s Exact Test, p = 0.031). More males were captured 
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Table 4 North Site male (M) and female (F) recaptures during the mark-resight method 
in August 2022. The number of fish captured includes fish collected in Ring 4. The 
percentage recaptured is calculated by the number of fish recaptured divided by the total 
individual fish marked to date. 
 

Day Date 
Number 
of Fish 

Captured 

Total 
Marking 

Occasions 
to Date 

Total 
Individual 

Fish 
Marked to 

Date 

Number 
of Fish 
Recapt-

ured 

Percent 
Recaptured 

Number of Marks 
Recaptured 

1 
mark 

2 
marks 

3 
marks 

1 
mark 

Aug. 
1 

M: 129 
F: 50 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

2 
Aug. 

5 
M: 66 
F: 24 

M: 129 
F: 49 

M: 129 
F: 49 

M: 10 
F: 7 

M: 7.75% 
F: 14.29% 

M: 10 
F: 7 

M: - 
F: - 

M: - 
F: - 

3 
mark 

Aug. 
13 

M: 73 
F: 39 

M: 129 
F: 49 

M: 129 
F: 49 

M: 5 
F: 3 

M: 3.88% 
F: 6.12% 

M: 5 
F: 3 

M: - 
F: - 

M: - 
F: - 

4 
Aug. 
18 

M: 69 
F: 37 

M: 180 
F: 69 

M: 175 
F: 66 

M: 14 
F: 6 

M: 8.0% 
F: 9.09% 

M: 12 
F: 5 

M: 2 
F: 1 

M: - 
F: - 

5 
mark 

Aug. 
27 

M: 51 
F: 32 

M: 180 
F: 69 

M: 175 
F: 66 

M: 8 
F: 6 

M: 4.57% 
F: 9.09% 

M: 6 
F: 5 

M: 2 
F: 1 

M: - 
F: - 

6 
Aug. 
31 

M: 55 
F: 39 

M: 214 
F: 94 

M: 201 
F: 85 

M: 12 
F: 8 

M: 5.97% 
F: 9.41% 

M: 10 
F: 6 

M: 0 
F: 2 

M: 2 
F: 0 

7 
Sept. 

16 
M: 33 
F: 36 

M: 214 
F: 94 

M: 201 
F: 85 

M: 7 
F: 0 

M: 3.48% 
F: 0% 

M: 6 
F: 0 

M: 1 
F: 0 

M: 0 
F: 0 

 
 
Table 5 South Site male (M) and female (F) recaptures during the mark-resight method 
in August 2022. The number of fish captured includes fish collected in Ring 4. The 
percentage recaptured is calculated by the number of fish recaptured divided by the total 
individual fish marked to date. 
 

Day Date 
Number 
of Fish 

Captured 

Total 
Marking 

Occasions 
to Date 

Total 
Individual 

Fish 
Marked to 

Date 

Number 
of Fish 
Recapt-

ured 

Percent 
Recaptured 

Number of Marks 
Recaptured 

1 
mark 

2 
marks 

3 
marks 

1 
mark 

Aug. 
1 

M: 241 
F: 83 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

2 
Aug. 

5 
M: 111 
F: 62 

M: 241 
F: 81 

M: 241 
F: 81 

M: 14 
F: 13 

M: 5.81% 
F: 16.05% 

M: 14 
F: 13 

M: - 
F: - 

M: - 
F: - 

3 
mark 

Aug. 
13 

M: 150 
F: 75 

M: 241 
F: 81 

M: 241 
F: 81 

M: 13 
F: 7 

M: 5.39% 
F: 8.64% 

M: 13 
F: 7 

M: - 
F: - 

M: - 
F: - 

4 
Aug. 
18 

M: 119 
F: 63 

M: 331 
F: 122 

M: 318 
F: 116 

M: 31 
F: 13 

M: 9.75% 
F: 11.21% 

M: 27 
F: 12 

M: 4 
F: 1 

M: - 
F: - 

5 
mark 

Aug. 
27 

M: 118 
F: 61 

M: 331 
F: 122 

M: 318 
F: 116 

M: 20 
F: 12 

M: 6.29% 
F: 10.34% 

M: 16 
F: 9 

M: 2 
F: 1 

M: - 
F: - 

6 
Aug. 
31 

M: 87 
F: 47 

M: 408 
F: 155 

M: 377 
F: 139 

M: 12 
F: 9 

M: 3.18% 
F: 6.47% 

M: 8 
F: 8 

M: 4 
F: 1 

M: 0 
F: 0 

7 
Sept. 

16 
M: 72 
F: 44 

M: 408 
F: 155 

M: 377 
F: 139 

M: 13 
F: 3 

M: 3.45% 
F: 2.16% 

M: 10 
F: 3 

M: 3 
F: 0 

M: 0 
F: 0 
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and marked, but females had a higher recapture rate. The sex ratio during each 

sampling period significantly differed across the month (Paired T-test, t6 = 3.81, p = 

0.0087) and ranged from a strong, male-biased population (0.74 on August 1) to a more 

even sex ratio (0.57 on September 16). The sex ratio significantly decreased over the 

month (ANOVA, F(1, 5) = 41.82, p = 0.0013). 

In February, the overall male recapture rate was 1.08% and the overall female 

recapture rate was 6.67%. Recapture rates across the sampling sites were low and 

there were no recaptured males at South Site (Tables 3, 6, and 7). Across both sites, 

males had an average recapture rate of 0.39% (n = 5, SE = 0.33%) and females had an 

average recapture rate of 2.46% (n = 5, SE = 1.38%) during the sampling periods (Table 

3). The sex ratio did not significantly vary across the month (Paired T-test, t5 = 1.75, p = 

0.14). The population was slightly male-biased ranging from 0.64 (February 6) to 0.56 

(February 17). 

Movement patterns and recapture findings  

 Within all 246 recapture events in August, there was no difference in the 

recaptured distance from the site’s center release point (Χ2, Χ2
(3, 246) = 1.84, p = 0.61). 

Females did not have a significant difference in recapture distance (Χ2, Χ2
(3, 87) = 6.20, p 

= 0.1), but males did (Χ2, Χ2
(3, 159) = 8.22, p = 0.042) with 33.33% of males being 

recaptured within 2.5 m of the center. There were 35 individual fish (25 male, 10 female) 

that were recaptured two or more times in August. Females were at most recaptured 

twice and males were recaptured up to four times (3 males). Individually unique facial 

patterns and female iridescent banding patterns were consistent across the recapture 

period. There were 6 fish that were recaptured outside of the sites. The distance from 

the fish’s marked site center point to where they were recaptured ranged from 15.5 m 

(South marked and found outside of South Site) to at least 178 m (South marked and 
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Table 6 North Site male (M) and female (F) recaptures during the mark-recapture 
method in February 2023. The percentage recaptured is calculated by the number of fish 
recaptured divided by the total individual fish marked to date. 
 

Day Date 
Number 
of Fish 

Captured 

Total 
Marking 

Occasions 
to Date 

Total 
Individual 

Fish 
Marked to 

Date 

Number 
of Fish 
Recapt-

ured 

Percent 
Recaptured 

Number of Marks 
Recaptured 

1 
mark 

2 
marks 

3 
marks 

1 
Jan. 
29 

M: 11 
F: 9 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

2 
Feb. 

2 
M: 10 
F: 7 

M: 11 
F: 9 

M: 11 
F: 9 

M: 0 
F: 2 

M: 0% 
F: 22.22% 

M: 0 
F: 2 

M: - 
F: - 

M: - 
F: - 

3 
Feb. 

6 
M: 12 
F: 1 

M: 21 
F: 16 

M: 21 
F: 14 

M: 1 
F: 0 

M: 4.76% 
F: 0% 

M: 1 
F: 0 

M: 0 
F: 0 

M: - 
F: - 

4 
Feb. 
10 

M: 0 
F: 3 

M: 33 
F: 17 

M: 32 
F: 15 

M: 0 
F: 0 

M: 0% 
F: 0% 

M: 0 
F: 0 

M: 0 
F: 0 

M: 0 
F: 0 

5 
Feb. 
17 

M: 5 
F: 3 

M: 33 
F: 20 

M: 32 
F: 18 

M: 0 
F: 0 

M: 0% 
F: 0% 

M: 0 
F: 0 

M: 0 
F: 0 

M: 0 
F: 0 

6 
Feb. 
25 

M: 6 
F: 4 

M: 38 
F: 23 

M: 37 
F: 21 

M: 0 
F: 0 

M: 0% 
F: 0% 

M: 0 
F: 0 

M: 0 
F: 0 

M: 0 
F: 0 

 
 
 
 
Table 7 South Site male (M) and female (F) recaptures during the mark-recapture 
method in February 2023. The percentage recaptured is calculated with the number of 
fish recaptured divided by the total individual fish marked to date. 
 

Day Date 
Number 
of Fish 

Captured 

Total 
Marking 

Occasions 
to Date 

Total 
Individual 

Fish 
Marked to 

Date 

Number 
of Fish 
Recapt-

ured 

Percent 
Recaptured 

Number of Marks 
Recaptured 

1 
mark 

2 
marks 

3 
marks 

1 
Jan. 
29 

M: 18 
F: 25 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

M: - 
F: - 

2 
Feb. 

2 
M: 13 
F: 7 

M: 17 
F: 25 

M: 17 
F: 25 

M: 0 
F: 1 

M: 0% 
F: 4.0% 

M: 0 
F: 1 

M: - 
F: - 

M: - 
F: - 

3 
Feb. 

6 
M: 6 
F: 9 

M: 30 
F: 32 

M: 30 
F: 31 

M: 0 
F: 0 

M: 0% 
F: 0% 

M: 0 
F: 0 

M: 0 
F: 0 

M: - 
F: - 

4 
Feb. 
10 

M: 6 
F: 4 

M: 36 
F: 41 

M: 36 
F: 40 

M: 0 
F: 1 

M: 0% 
F: 2.5% 

M: 0 
F: 1 

M: 0 
F: 0 

M: 0 
F: 0 

5 
Feb. 
17 

M: 14 
F: 12 

M: 42 
F: 45 

M: 42 
F: 43 

M: 0 
F: 1 

M: 0% 
F: 2.33% 

M: 0 
F: 0 

M: 0 
F: 1 

M: 0 
F: 0 

6 
Feb. 
25 

M: 6 
F: 3 

M: 56 
F: 57 

M: 56 
F: 54 

M: 0 
F: 0 

M: 0% 
F: 0% 

M: 0 
F: 0 

M: 0 
F: 0 

M: 0 
F: 0 
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 found north of North Site). Marked fish from the mark-resight experiment were last seen 

on November 4th, 2022 as part of the tandem monthly population study. This one male 

was marked on August 1st and was recorded as the longest timeframe since being 

marked for a recaptured individual. Across the mark-resight and mark-recapture 

experiments, one fish was recorded with tag loss which was identified through matching 

facial patterns and there was one record of a misread/unidentified tag caught using the 

photographs. 

Fish recaptured more than once during the August mark-resight had an average 

growth rate of 0.17 mm per day (n = 50, SE = 0.04). Males averaged 0.15 mm per day (n 

= 40, SE = 0.05) and females averaged 0.26 mm per day (n = 10, SE = 0.09). In 

February, the four recaptured females had an average growth rate of 0.36 mm per day 

(SE = 0.30). The one recaptured male in February had a growth rate of 0.16 mm per 

day.  

 At least 13 fish were recorded with abnormally short, truncated tails. Of these 

fish, two had truncated tails without a caudal fin and 11 had truncated tails that regrew a 

caudal fin. One male was initially recorded with a truncated tail without a caudal fin on 

August 27th. It was then recaptured on September 16th and had grown a caudal fin where 

the tail truncated that measured 1.70 mm from base to tip.  

Densities 

 Before our mark-resight experiment, S. scovelli densities inside and outside the 

sites had a significant interaction between site and location (Two-Way ANOVA, F(1, 48) = 

5.07, p = 0.029) as well as a significant difference in location (p = 0.0002) (Fig. 6). The 

post-hoc Tukey Honestly Significant Difference Test yielded significance only between 

inside South and outside South densities (p < 0.0001). Although preliminary analysis 

indicated a significant difference in densities between North and South Sites (T-test, t22.92 
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= -3.82, p = 0.0009), the post-hoc Tukey Test did not identify significance with its 

adjusted p-value (p = 0.58). August densities started at 0.86 fish/m2 (North Site) and 

1.56 fish/m2 (South Site) on August 1st then decreased throughout the month to 0.33 

fish/m2 (North Site) and 0.56 fish/m2 (South Site) on September 16th (Fig. 7). The North 

Site densities did not significantly change across the mark-resight experiment (ANOVA, 

F(1, 5) = 5.46, p = 0.067), but the South Site significantly decreased (ANOVA, F(1, 5) = 

8.38, p = 0.034) (Fig. 7). One month after the mark-resight experiment, densities inside 

the sites and outside of the sites were similar (T-test, t34.56 = -0.50, p = 0.62) (Fig. 6). 

 

 

 
 

Fig. 6 Boxplots of Gulf pipefish densities inside and outside of the sites at six timepoints. 
Before sampling there were significantly higher densities inside the sites than outside 
(Wilcoxon Test, W = 443, p = 0.0022). All other timepoints had no significance between 
the inside and outside densities (one month post mark-resight: T-test, t34.56 = -0.50, p = 
0.62; immediately after mark-recap: Wilcoxon Test, W = 334.5, p = 0.42; two weeks post 
mark-recap: Wilcoxon Test, W = 327, p = 0.35; one month post sampling: Wilcoxon Test, 
W = 450, p = 0.08; four months post sampling: Wilcoxon Test, W = 866.5, p = 0.19). 
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Gulf pipefish densities during the month of February had a slight decreasing 

trend throughout the month but did not significantly change (North Site: ANOVA, F(1, 4) = 

2.83, p = 0.17; South Site: ANOVA, F(1, 4) = 2.20, p = 0.21) (Fig. 7). The highest densities 

for both sites were recorded on January 29th (North Site: 0.096 fish/m2, South Site: 0.21 

fish/m2). The lowest density for North Site was 0.014 fish/m2 (Feb. 10th) and the lowest 

density for South Site was 0.043 fish/m2 (Feb. 25th) (Fig. 7). Immediately after the mark- 

recapture experiment, the densities inside and outside of the sites were similar 

(Wilcoxon Test, W = 334.5, p = 0.42). There continued to be no difference in S. scovelli  

 

 
 
Fig. 7 Densities within each site across the mark-resight experiment in August 2022 and 
the mark-recapture experiment in February 2023. August’s South Site significantly 
decreased across the experiment (ANOVA, F(1, 5) = 8.38, p = 0.034). All other sites did 
not significantly decrease across the experiments (August North Site: ANOVA, F(1, 5) = 
5.46, p = 0.067; February North Site: ANOVA, F(1, 4) = 2.8, p = 0.17; February South Site: 
ANOVA, F(1, 4) = 2.20, p = 0.21). 
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densities inside and outside of the sites two weeks post mark-recapture (Wilcoxon Test, 

W = 327, p = 0.35), one month post sampling (Wilcoxon Test, W = 450, p = 0.080), and 

four months post sampling (Wilcoxon Test, W = 866.5, p = 0.19) (Fig. 6). 

Seagrass comparisons 

  Before sampling began in August, the sites were similar to outside locations in 

total vegetative coverage including macroalgae (Wilcoxon Test, W = 25, p = 0.17) and in 

total seagrass coverage (Wilcoxon Test, W = 48, p = 0.21) (Fig. 8). There was also no 

difference between inside and outside of the sites one month after the mark-resight 

experiment (Total coverage: Wilcoxon Test, W = 69, p = 0.58; Seagrass coverage: 

Wilcoxon Test, W = 81, p = 0.98) (Fig. 8). One month after sampling completed (April), 

total coverage, seagrass coverage, and Thalassia testudinum blade counts were 

significantly lower inside the sites than outside of them (Total coverage: Wilcoxon Test, 

W = 1138, p < 0.0001; Seagrass coverage: Wilcoxon Test, W = 1398, p = 0.0049; Blade 

count: T-test, t27.39 = -3.50, p = 0.0016) (Fig. 8). There were no differences between 

inside and outside of the sites for T. testudinum short shoot counts (Wilcoxon Test, W = 

267, p = 0.19) and average blade height (T-test, t44.06 = 1.27, p = 0.21). Within the sites, 

there was no difference between the walking area and the net area for T. testudinum 

blade counts (T-test, t22.96 = -1.0, p = 0.33), short shoot counts (T-test, t28.04 = -1.06, p = 

0.3), and average blade height (T-test, t19.32 = -0.004, p = 0.997). The four-month post 

sampling (July) yielded similar results to the one month. In July, inside of the sites had 

significantly lower total coverage (Wilcoxon Test, W = 841.5, p < 0.0001), seagrass 

coverage (Wilcoxon Test, W = 814, p < 0.0001), T. testudinum blade counts (Wilcoxon 

Test, W = 445, p = 0.015), short shoot counts (Wilcoxon Test, W = 18, p < 0.0001), and 

average blade height (T-test, t63.95 = -2.67, p = 0.0097) than outside of the sites (Fig. 8). 

Within the sites, there was no difference between the walkway area and the net area for 
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T. testudinum blade counts (T-test, t25.81 = -0.11, p = 0.92), short shoot counts (Wilcoxon 

Test, W = 112.5, p = 0.32), and average blade height (T-test, t21.10 = -1.62, p = 0.12).  

 

 

 
 
Fig. 8 Boxplot of total seagrass coverage compared at four timepoints using the Braun-
Blanquet coverage scale. The scale dictates 0 = no coverage, 0.5 = < 1% coverage, 1 = 
1 – 5% coverage, 2 = 5 – 25% coverage, 3 = 26 – 50% coverage, 4 = 51 – 75% 
coverage, and 5 = 76 – 100% coverage (Poore 1955). There was no significant 
difference in seagrass coverage between inside of the sites and outside of the sites 
before sampling began (Wilcoxon Test, W = 48, p = 0.21) and one month post mark-
resight (Wilcoxon Test, W = 81, p = 0.98). There was, however, a significant difference 
between inside and outside of the sites at one month post sampling (Wilcoxon Test, W = 
1398, p = 0.0049) and at four months post sampling (Wilcoxon Test, W = 814, p < 
0.0001). 
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DISCUSSION 

Concentric circular plot methodology is feasible and repeatable in a coastal 

marine seagrass environment. Assessment of concentric circular plot impacts indicated 

a negative sampling effect based on repeatedly sampling in the same location. Initially 

both sites were visually and statistically comparable in habitat complexity and seagrass 

coverage during Thalassia testudinum’s peak growing season (Beck et al. 2024). The 

mark-resight sampling in August had at most 40 individuals walking through the sites 

within a month. Similar trampling in T. testudinum beds in Puerto Rico had a significant 

decrease in seagrass coverage (Eckrich and Holmquist 2000), but we reported no 

difference in seagrass coverage one month after the mark-resight experiment.  

Conversely, the T. testudinum regrowth period in February did experience similar 

significant seagrass coverage results as Eckrich and Holmquist (2000). During this time, 

the February mark-recapture experiment had at most 25 individuals walking through the 

sites within a month. Within the sites, there was no difference between the walkway area 

and the net area one month post sampling and four months post sampling indicating that 

walking and pulling the net are a similar level of disturbance. Inside the sites there was a 

significant decrease in seagrass coverage and blade counts at one month (April) and 

four months (July) post sampling which are similar findings to Eckrich and Holmquist 

(2000); however, they also experienced significant decreases in short shoot count and 

blade height which we saw at four months post sampling, but not at one month post 

sampling. It is possible that T. testudinum has an initial short-term recovery in short 

shoot density similar to T. hemprichii which recovered three weeks post trampling 

(Nurdin et al. 2019), but long-term trampling effects decreased seagrass density. It is 

also possible that removing macroalgae from the sites while sampling and seasonal 

changes in light attenuation due to macroalgae coverage and turbidity had unrecorded 



31

negative effects on the sites’ seagrass growth. Eckrich and Holmquist (2000) sampled 

during T. testudinum growing and die off seasons, but comparisons were not made 

between the timepoints. Therefore, it seems likely that trampling effects may be 

dependent on the seasonality of the seagrass and its growing stage. Application of 

concentric circular plots in coastal marine areas should assess their sampling effects on 

a habitat a priori to determine the effects’ intensity. 

Additionally, some negative sampling effects were recorded with Syngnathus 

scovelli densities. At the beginning of August, South Site had significantly higher 

densities than North Site and outside of the sites. Although the sites were visually 

similar, it is possible unrecorded microhabitat differences contributed to the significance. 

As the sampling disturbance continued, the South Site density significantly decreased 

and became similar to the decreased densities in North Site and outside of the sites. 

Increased disturbance may have negatively impacted the densities within the site, but it 

does not explain the density decrease outside of the sites. More likely, a combination of 

disturbance influence and seasonal changes in movement patterns would explain the 

overall decreasing density in the fall. Prior studies have indicated that Gulf pipefish 

exhibit a seasonal shift in densities with high densities in the summer/rainy season and 

low densities in the winter/dry season (Masonjones et al. 2010; Bolland and Boettcher 

2005; Díaz-Ruiz et al. 2000). The current study inadvertently captured this shift in 

seasonality and therefore, the intensity of disturbance effects on density cannot be 

disentangled from seasonal shifts during the August mark-resight experiment.  

Although there is a difference in habitat utilization in February, the sampling 

disturbance effects can be assessed during the mark-recapture experiment. The 

February POPAN model indicated that the probability of fish entering and exiting the 

sites was dependent on the number of people sampling within the site. Sampling 
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disturbance seemed to have slight negative non-significant effects on density since it 

decreased throughout the experiment, but at the end of the experiment there was no 

difference between densities inside and outside of the sites. Although previous studies 

have not indicated a drastic seasonal shift in densities during this time (Masonjones et 

al. 2010), density could still have unaccounted seasonal influences. These results are 

within a small timeframe of the population and do not account for long term seasonality 

variations within this population. Also, the marking process could have negatively 

impacted the densities. In gag grouper, Mycteroperca microlepis, densities declined as 

sampling progressed in mark-recapture transects, but did not change in transects 

without marking (Koenig and Coleman 1998). Conversely, in dwarf seahorses, 

Hippocampus zosterae, there were no differences for distances moved between 

recapture events (Masonjones et al. 2019). Sampling effects on densities from site 

disturbance or marking may vary by species and should be considered in future studies.  

Concentric circular plots had slight negative sampling effects on site density, but 

linear transects yielded similar results to the concentric circular plots. At one month post 

mark-resight (October), immediately after mark-recapture (February), two weeks post 

mark-recapture (March), one month post sampling (April) and four months post sampling 

(July), there were no differences in densities between the circular plots and the linear 

transects indicating both methods produce comparable results. This was also the case 

for a study focused on forest sampling (Jones et al. 2022). Jones et al. (2022) suggested 

that since both concentric circular plot and linear transect methods were similar, ease of 

implementation would dictate which method to use. Conversely, linear transects by 

Nakajima et al. (2011) had more accurate estimations of woody vegetation variables in 

dense forests than concentric circular plots. Another concept in comparing the methods 

is tracking movement. Concentric circular plots are more accurate for small scale 
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movement patterns (Dumont et al. 2004), while linear transects are more reasonable for 

identifying large scale movements (Masonjones and Rose, unpublished data; Bjorndal 

and Bolten 2010). 

We were able to successfully couple mark-recapture techniques with the 

concentric circular plots, but it was difficult for the mark-resight model to converge. The 

August data did not fully fit the immigration-emigration resight model because we could 

not identify the number of marked individuals that could be recaptured prior to sampling. 

We had to assume that we captured all marked individuals within the sites, but that may 

not have been the case. It is possible that marked fish were in the site, but just outside of 

the net area, or that they were in the net area but swam out of it before the net was 

pulled.  

Fish density ultimately dictated our sampling effort and therefore the Mark 

modeling. While both mark-resight and mark-recapture models can yield a 

superpopulation, they are incomparable to each other. The August mark-resight model’s 

superpopulation is density-independent and only estimates the number of animals 

utilizing the area, unlike the February density-dependent mark-recapture model which 

estimates the total number of animals in the area (Cooch and White 2022). Estimating 

densities ad hoc from mark-resight models may overestimate or underestimate the 

density; however, Rich et. al (2014) had no significant difference between mark-

recapture and ad hoc mark-resight density estimations. If pattern recognition programs 

like I3S could identify patterning from a similar colored background, then we could use 

our August mark-resight photos as photographic mark-recapture and directly estimate 

densities (Martin-Smith 2011). We could then identify if unmarked fish or newly marked 

fish were previously captured during resight only samples and compare the density-

dependent output to February. February models indicated fish were leaving the sites 
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which may have resulted in underestimating the density. A mark-recapture study on 

Nerophis lumbriciformis experienced an underestimation in their Jolly-Seber capture 

recapture for an open population model due to fish traveling to other habitats (Monteiro 

et al. 2005). Occupancy sampling, as Erb et al. (2015) termed the immigration-

emigration mark-resight model, should only be exercised over mark-recapture when an 

animal’s habitat usage, and not density, is the main focus of a study. 

Mark-recapture studies yield more information than a snapshot study. Both mark-

recapture studies and snapshot studies can record demographics and morphometrics at 

a moment in time, but mark-recapture allows researchers to assess how animals utilize 

their environment (Lelong et al. 2024; Masonjones et al. 2019). In addition, recapturing 

the same individual across time points reveals growth rates, sexual development, and 

the ability to heal from injuries (Mellado et al. 2022). Without conducting a mark-

recapture study on flagship species, novel information like growth rates and caudal fin 

regrowth would have never been identified in previous snapshot studies (Bolland and 

Boettcher 2005, Masonjones et al. 2010). Additionally, running mark-recapture studies at 

different timepoints in the year can elucidate seasonal habitat usage. In August, Gulf 

pipefish had a low superpopulation estimate and high recapture rates suggesting that 

pipefish are utilizing the area. Females had higher recapture rates, but males had more 

multiple recaptures. Although small scale movement patterns of Gulf pipefish might be 

influenced by tidal driven currents at their release, the currents were undetectable by a 

stream flow meter within the sites. Future studies where slow flow currents might impact 

behavior should use methods with better detection such as dye crystals (Ismail 1970; 

Wiegel et al. 1986) or hot wire anemometers (Melani et al. 2008). 

At the South Site, a larger amount of S. scovelli were captured than the North 

Site possibly due to unidentified microhabitat differences. Adult densities in August were 
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similar to the highest recorded total density (including juveniles) in the Indian River 

Lagoon system (0.69 fish/m2 in 1998, Adams et al. 2022). August adult densities also 

were higher than the maximum recorded total densities in Tamiahua Lagoon, Mexico 

(0.0058 fish/m2 in October 1994, Díaz-Ruiz et al. 2000) and in the same seagrass bed 

(1.04 fish/m2 in 2006 wet season; Masonjones et al. 2010). More males were captured in 

August, but more females were recaptured. Females might be more area specific similar 

to N. lumbriciformis where lekking behavior was female specific and not site specific 

(Monteiro et al. 2017). Male counts decreased across study which could be related to a 

change in habitat usage or as a result of the disturbance within the site. Although males 

had lower recapture rates, there was a higher proportion of males captured multiple 

times. It is possible that overall, males travel shorter distances than females. This would 

support why we saw a larger proportion of recaptured males in Ring 1, although this 

could be biased towards the one outlier. We recaptured 17 males from South Site’s Ring 

1 on August 18th, 16 of them were marked on August 13th. Additionally, males might 

reduce activity and utilize a smaller habitat area when they are pregnant because they 

are not actively seeking mates, reducing feeding behaviors, or reducing the risk of 

predation (Paczolt and Jones 2015; Berglund 1993). Accurate assessment of habitat 

usage between pregnant and nonpregnant S. scovelli could not be analyzed due to the 

high percentage of pregnancy (Sims, Masonjones, and Rose, unpublished data), but 

future studies are encouraged to identify if pregnancy status changes male habitat use. 

Unlike N. lumbriciformis, it is unlikely S. scovelli have site fidelity but rather use areas 

within the seagrass bed as a home range (Monteiro et al. 2005). Broadening the scope 

of future studies could elucidate long range movement patterns and if these patterns 

differ by sex.  
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Although the immigration-emigration mark-resight model did not converge, 

themes from the top models give insights into the population. The top models estimated 

a low density-independent superpopulation suggesting that Gulf pipefish are utilizing the 

area around the sites. This is supported by the high recapture rates and multiple 

recaptures during the experiment. Although we cannot directly compare the mark-resight 

model to the mark-recapture model, it seems the habitat usage changed. In February, 

the density-dependent estimated superpopulation was similar to the density seen within 

the sites. Since the only time dependent parameter was the probability of entry/exit and 

the density decreased throughout the mark-recapture experiment, Gulf pipefish seemed 

to be transient throughout February. Additionally, the low recapture rates support that 

the population was passing through the sites. This transient habitat usage contrasts the 

August residential population suggesting habitat usage shifts throughout the year. The 

shift between habitat ranges could be for food availability, mate availability, or predator 

avoidance due to the shift in seagrass height and coverage. 

Gulf pipefish facial patterning and female banding patterns were individually 

identifiable and consistent across three months. Picture lighting was not consistent, but 

visual matching indicated there are possible facial pigmentation changes like N. 

lumbriciformis (Monteiro et al. 2017). Further investigation similar to Monteiro et. al 

(2005 and 2017) is needed to determine if Gulf pipefish facial patterning is consistent 

long term, if facial patterns are asymmetrical between sides, and if facial pigmentation 

changes as well as signals for an individual’s readiness to mate.  

Concentric circular plots were successfully implemented within a coastal marine 

seagrass bed. We were able to couple this sampling method with mark-resight and 

mark-recapture techniques using the model system S. scovelli to estimate population 

size and investigate small scale movement patterns after capture. Considering recent 
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seagrass declines in Tampa Bay, this study reports the current baseline for Gulf pipefish. 

With the mark-resight experiment in August 2022 and the mark-recapture experiment in 

February 2023, we were able to identify that Gulf pipefish are more residential during the 

wet season, more transient during the dry season, and they likely do not have site 

fidelity. Although the mark-resight model did not converge, the density-independent 

August superpopulation estimated that the fish utilizing the area around our sites were 

similar to what was recorded within our sites. The February mark-recapture model was 

able to converge and estimated the density-dependent superpopulation to be 1,967 fish. 

Within both experiments, more males were captured, but proportionally more females 

were recaptured. In August, recaptured males disproportionally were collected within 2.5 

m of their release location and were collected up to five times.  

Some negative sampling effects occurred with the concentric circular plot 

method. Over the course of two experiments, repeated site disturbance negatively 

affected density, but there was no significant difference when comparing site density to 

outside locations. Additionally, this comparison indicated that there is no difference in 

data collected between concentric circular plots and linear transects. There was, 

however, a significant sampling effect on the habitat. Repeated trampling of the sites 

affected seagrass coverage, T. testudinum blade counts, short shoot counts, and 

average blade height. Both the net area and the walkway area yielded the same amount 

of disturbance. Based on these results, concentric circular plots are feasible in coastal 

communities, but researchers should be cautious about negative sampling effects. When 

studying a cryptic species, some level of disturbance is necessary to accurately assess 

the population. This disturbance could impact mark-recapture estimates, but the results 

are applicable for habitat and animal population management practices.  
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