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INTRODUCTION

Echinoderms comprise an ecologically important group
of marine invertebrates whose representatives inhabit coastal
shorelines and bays of the northern Gulf of Mexico. Sea ur-
chins, with their high densities and their capacity to rapidly
graze a variety of algae and seagrasses, play a key role in struc-
turing coastal communities (Valentine and Heck 1991, 1999,
2001, Valentine et al. 1997, Watts et al. 2013). For example,
seasonal grazing by Lytechinus variegatus has been observed to
stimulate seagrass production (Valentine et al. 1997, 2000)
in part because they provide nutrients to the local commu-
nity via their production of feces and ammonium (Greenway
1995, Watts et al. 2013). Lytechinus variegatus also influence
the community through their preferential consumption of
detrital seagrass leaves (Montague et al. 1991, Greenway
1995). Moreover, when aggregated in high density grazing
fronts, L. variegatus can alter community structure through
a dramatic loss of primary and secondary production that
reduce fishery habitat and refugia (Rose et al. 1999, Macia
and Liman 1999). Therefore, L. variegatus serves important
ecological roles and there is a need to better understand how
physical disturbances such as increasingly powerful storms
may impact their populations.

Studies that have examined the impacts of severe storms
such as hurricanes on populations of echinoderms suggest
that such events can cause a variety of outcomes (reviewed
by Lawrence 1995). For example, Hurricane John (2006) had
a significantly negative effect on coral reef communities in
the Gulf of California that resulted in the complete loss of 6
species of echinoderms (Hernandez et al. 2008). Hurricane
Donna (1960) swept inland across north Florida Bay and dis-
placed marine invertebrates including echinoderms inland
where they died of aerial exposure (Tabb and Jones 1962).
Hurricane Allen (1980) significantly reduced coral reef
populations of the sea urchin Diadema antillarum in shallow
water (< 10 m) of northern Jamaica (Woodley et al. 1981).
Other studies found that some storms, despite the potential
for mass mortality, had little to no effect on echinoderms.

For example, Hurricane Gilbert (1988) and Hurricane Hugo
(1989) did not significantly alter abundances of ophiuroid
or echinoid populations in backreef regions of Jamaica and
St. Croix (Aronson 1993). Following the immediate passage
of Hurricane Andrew (1992), seagrass communities and as-
sociated sea urchins at Lostman’s River in Everglades Na-
tional Park, in southwestern Florida generally survived intact
(Dawes et al. 1995). Because it is almost impossible to predict
and pre—sample a coastal site ahead of a hurricane strike,
the number of studies providing pre— and post—hurricane
comparisons is relatively small. Therefore, with limited num-
bers of such studies and a wide range of potential effects on
echinoderms, it is important to study echinoderms that may
be impacted by hurricanes whenever possible.

Saint Joseph Bay is a shallow, subtropical bay located on
the northwestern panhandle of Florida that is semi—enclosed
by the Saint Joseph Peninsula (Figure 1A). The bay contains
large regions of luxuriant seagrass beds and patches of well—
sorted sand (Valentine and Heck 1993), along with dense
populations of the sea urchin L. variegatus (Beddingfield and
McClintock 1994, Beddingfield 1997, Beddingfield and Mc-
Clintock 2000, Challener and McClintock 2017). Hurricane
Michael made landfall at Mexico City Beach, FL just west
of Saint Joseph Bay as a category 5 storm (notably the most
wind—intense hurricane to ever impact the Florida panhan-
dle) on 10 October 2018. Sustained winds were measured
at 250 km/h and peak storm surge was estimated at 4.2 m
(National Weather Service 2018). A weather monitoring sta-
tion in Apalachicola, located about 30 miles east of where
the hurricane made landfall, registered lower wind speeds
during the hurricane, yet winds still reached speeds as high
as 100 km/h (www.ndbc.noaa.gov; NOAA station APCF1—
8728690). Immediately following the hurricane’s passage
over the coast, aerial images indicated that the peninsula ad-
jacent to Eagle Harbor in T.H. Stone Memorial Saint Joseph
Peninsula State Park had been bisected by storm—generated
currents creating a large passage (cut) to the Gulf of Mexico
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FIGURE 1. Sampling locations in Florida. A. Map of Florida with the location of Saint Joseph Bay enlarged along the panhandle of northwest

Florida (black and white line indicates track of Hurricane Michael). B. Eagle Harbor within Saint Joseph Bay before Hurricane Michael. C. Dam-

age and formation of a pass between Saint Joseph Bay and the Gulf of Mexico caused by Hurricane Michael. Dotted lines indicate seagrass beds
that were sampled before and after Hurricane Michael (after Hurricane: Site T December 2018 and June 2019; Site 2 June 2019). White arrows
in B and C indicate the location of Eagle Harbor boat ramp for reference. B and C images obtained from NOAA (https://www.usgs.gov/media/

images/and-afterphotos-show-hurricane-michaels-destructive-power-2).

(Figure 1B, C).

With climate change accelerating ocean warming, high
intensity hurricanes are predicted to make coastal landfall in
greater frequency (Knutson et al. 2010, IPCC 2014). Accord-
ingly, understanding their potential impact on the ecology
of coastal marine ecosystems that provide habitat for marine
organisms and barriers to coastal erosion is important. The
purpose of the present study was to conduct a rapid post—
hurricane assessment of the status of a seagrass—associated
population of the sea urchin L. variegatus in a high impact
region of Saint Joseph Bay where population assessments
had been periodically conducted in the 16 months leading
up to the hurricane.

MATERIALS AND METHODS

Two study sites (Figure 1C) were selected because sea
urchin densities had been sampled at both sites prior to
Hurricane Michael monthly from June 2017 through April
2018 and again in June 2018. Site 1 was located 150 m from
shore within the bay in Eagle Harbor (29°46’14.78” N,
85°24’9.8” W) and was about 250 m from the storm—gener-
ated cut created by Hurricane Michael. Site 1 was sampled
twice post—hurricane, in December 2018 and again in June
2019. Site 2 was located 150 m from shore in Eagle Har-
bor (29°46’22.08” N, 85°24’7.82” W) and was about 300 m
from the storm—generated cut. However, site 2 was located
adjacent to the mouth of a small (25 m wide and 750 m
long) tidal creek. Site 2 was sampled once post—hurricane
in June 2019. Water depth at the study sites generally varied
between 0.75 and 1.25 m, with air exposure only briefly oc-
curring during the summer spring tides (R. Czaja, Jr., pers.
obs.). More broadly, annual sea water temperature in Saint
Joseph Bay ranges from 11-35°C, annual salinity from 26-
36 (Beddingfield 1997), and pH from 7.4-8.3 (Challener et
al. 2015). While Thalassia testudinum is the primary founda-

tion seagrass in the bay, other habitat—forming taxa occur
including Halodule wrightii, Rhodophyta, and semi—infaunal
bivalves including Modiolus americanus and Atrina rigida (Val-
entine and Heck 1993, Beddingfield 1997, Bologna 1998,
Munguia 2006).

Individuals of L. variegatus were collected by hand us-
ing snorkel equipment from 1 m? quadrats placed sequen-
tially along a 30 m transect line parallel to a seagrass bed
edge and 3 m into the seagrass bed at sites 1 and 2 in Eagle
Harbor, Saint Joseph Bay. Collections were made monthly
from June 2017 through April 2018, in June 2018 (pre—hur-
ricane), and June 2019 (250 d post Hurricane Michael). On
each sampling date, all individuals within a quadrat were
collected and test diameters of sea urchins were measured
and assigned to 10—mm size classes. Salinity was measured
with a refractometer and seawater temperature with a mer-
cury thermometer. Thalassia testudinum shoot density and
leaf lengths were measured in June 2018 (pre—hurricane)
and June 2019 (post hurricane) via 5 randomly placed 0.25
m? quadrats at each of the 2 sites. The quadrat was divid-
ed into 16 subsections with string, creating 9 intersection
points inside the quadrat. Shoots that were closest to a ran-
domly selected intersection point were used in measures of
leaf lengths. Leaves were snipped at the base and lengths
were measured in situ using a ruler.

In December 2018 (70 d post Hurricane Michael), L. var-
iegatus was sampled only at Site 1 in a similar manner as
described above by placing 1 m? quadrats every 5 m along
the length of a 50 m transect line (Fig. 1C). Images of all
sea urchins collected from each quadrat were taken using a
digital underwater camera and test diameters later obtained
from images using Image] (Rasband 1997—2018). Seawater
temperature (°C), dissolved oxygen (mg/L), and salinity were
measured using a YSI handheld multimeter.

To standardize sampling methods and intensity between
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pre— and post—hurricane urchin density surveys, every third
quadrat from transects sampled between June 2017 and
June 2018, as well as in June 2019, were used to compare
to data collected from December 2018 at Site 1. With only
one storm event, and one location sampled post—hurricane,
there is no formal statistical test of storm impact. Instead,
sea urchin density is presented as means with standard de-
viations and t—tests were used to compare months based on
variation among quadrats sampled at Site 1 (n=10 months
through June 2018, n=11 months for December 2018, n=10
months for June 2019) and Site 2 (n=10 months for June
2018 and 2019).

ResuLts

Sea water temperature at the study site in December 2017
(pre—hurricane sample) was 12°C and salinity was 32. Sea
water temperature at the December 2018 post—hurricane
sampling was slightly higher (14.2°C), dissolved oxygen was
11.21 mg/L, and salinity (28) was somewhat lower than that
sampled at the same site in December 2017. Small pieces
of the roadbed that had once straddled the nearby penin-
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FIGURE 2. Mean monthly Lytechinus variegatus densities per square meter
(X + sd) pre-hurricane (2017-2018, open squares) versus post-hurricane
(filled squares). A. Site 1. B Site 2.

sula were observed along the December 2018 transect, ly-
ing within 5 cm of the surface sediments. Live leaves and
shoots of T. testudinum were observed within all the quad-
rats sampled, indicating minimal storm disturbance to ei-
ther above—ground or below—ground biomass within the
seagrass bed.

At site 1 sea urchin density was similar between Decem-
ber 2017, prior to the hurricane (mean 2.90 + 2.38 sd), and
December 2018, just a little over 2 months after the hurri-
cane (mean 2.82 + 2.99 sd; ¢, = 0.07, p = 0.95; Figure 2A).
Mean sea urchin density sampled in December 2018 was
also within the variation of densities (sd) measured in all the
previous months except October 2017 (Fig. 2A). Sea urchin
density was also similar at site 1 in June 2018 (mean 10.90
+ 7.02 sd) and June 2019 (mean 6.30 + 3.37 sd; te= 187, p
= 0.08) (Figure 2A), and at site 2 in June 2018 (mean 2.02 +
2.74 sd) and June 2019 (mean 3.80 + 3.52 sd; ty= 113, p=
0.27) (Figure 2B). Mean sea urchin density sampled in June
2019 was also within the variation of densities (sd) measured
in all the previous months at both sites.

Sea urchins at site 1 in December 2017 included indi-
viduals occupying all 6 of the 10—mm size classes (0—10 mm
through 51—60 mm), whereas those sampled in December
2018 had diameters in only the 3 largest size classes (Figure
3A). While the 3 smallest 10—mm size classes of sea urchins
were absent in December 2018, the percentage of sea ur-
chins in the mid—size class (41—50 mm) was about three
times greater than the same size class at site 1 in December
2017 (Figure 3A). In June 2018 at site 1, the second small-
est size class (11—20 mm) comprised about 10% of the sea
urchins sampled, whereas no sea urchins in this same size
class were present in June 2019 (Figure 3B). Large sea ur-
chins (41—50 mm size class) at site 1 were about 6 times
more prevalent in June 2019 than in June 2018 (Figure 3B).
At site 2, sea urchins in the 31—40 mm size class were most
prevalent in June 2018 and June 2019. However, sea urchins
in the 21—30 mm size class were about 5 times more preva-
lent in June 2018 than in June 2019 (Figure 3C).

Seagrass shoot density at site 1 was similar in June 2018
and in June 2019, with a difference in mean shoot density of
only 10 shoots/0.25 m? (Table S1). At site 2, however, mean
shoot density was 1.7 times greater in June 2019 than in
June 2018 (Table S1). A similar trend was observed for leaf
length, with leaf length at site 1 being only 0.4 cm greater
in June 2019 than in June 2018; however, leaf length at site
2 was 2 times greater in June 2019 than in June 2018 (Table
S1).

DiscussioN

Although limited in scope, the results of this study indi-
cate that L. variegatus populations in Saint Joseph Bay and
possibly other impacted bays along the coast of the Gulf of
Mexico may be resilient to intense storms such as Hurri-
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FIGURE 3. Percentage of lytechinus variegatus individuals in each size
class sampled before and after Hurricane Michael. A. Site 1, December
(Dec) 2017 and December 2018. B. Site 1, June (Jun) 2018 and June
2019. C. Site 2, June 2018 and June 2019.

cane Michael. Despite the proximity of our sampling sites to
the storm—generated cut in the Saint Joseph Peninsula, we

found no definitive post—hurricane impacts on the resident
seagrass—associated population of the sea urchin L. variega-
tus. Similarly, there was no evidence that the seagrass itself
was negatively impacted at either of our 2 sampling sites.
Seagrass shoot density and shoot length were almost identi-
cal both pre— and post— hurricane at site 1 (samples taken
in June 2018 and June 2019). In contrast, shoot density and
shoot length doubled between June 2018 and June 2019 at
site 2. This 2—fold post—hurricane increase could be the
result of enhanced coastal nutrient productivity following
the storm. In their review of the influence of hurricanes on
coastal marine ecosystems of the northern Gulf of Mexico,
Connor et al. (1989) concluded that over recorded history
hurricanes generally enhance coastal nutrient productivity
and that while some marine species may be reduced tempo-
rarily, they quickly recover. If nutrient productivity increased
after Hurricane Michael, then both our sampling sites would
have been expected to respond accordingly. Another pos-
sibility is the higher seagrass productivity detected in June
2019 at site 2 reflects inter—annual variability in nutrient
input from the adjacent tidal creek at this site.

The post—hurricane densities of sea urchins measured in
December 2018 and in June 2019 at both sampling sites fell
within the range of sea urchin densities recorded over the
year before our December 2018 sample. Moreover, the per-
centages of the 3 largest size classes of sea urchins measured
in December 2018 at site 1 were similar to, or even greater
than, urchins in those size classes measured a year earlier
(December 2017) at the same site. It is possible the absence of
the 3 smallest 10—mm size classes of sea urchins noted in De-
cember 2018 at site 1 (a little over 2 months after Hurricane
Michael) could be attributable to small, lighter individuals
being swept away by the storm—generated currents. However,
it is not possible to rule out temporal or spatial differences
in local recruitment or predation as causative agents. In ad-
dition, at site 1 there is a large proportion of individuals that
fell into the 41—50 mm size cohort (~65%) in Dec 2018. In
contrast, < 5% of individuals occurred in this same size class
in June 2018. Some of this difference is attributable to the
lack of smaller size classes in December 2018 which inflates
the relative proportion of larger individuals. However, given
estimates of rapid growth in L. variegatus in Saint Joseph Bay
(Beddingfield and McClintock 2000), it is possible that in-
dividuals in the June 2018 31—40 mm cohort grew into the
41—50 mm December 2018 cohort over a 6 month period. A
detailed population study of L. variegatus over a 2 year period
in Saint Joseph Bay (mid—1992 to mid—1994) found mean
densities varied greatly with habitat and season, with a mean
of 13.4 individuals/m? for sea urchins living in seagrass beds
(Thalassia), while sizes of individuals were more stable with
mean test diameter ranging between 32—40 mm over the
course of the study (Beddingfield and McClintock 2000).

These densities and sizes are similar to those recorded in the
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current study.

Hurricanes worldwide, enhanced by global climate warm-
ing, are predicted to increase in both intensity and frequency
(Knutson et al. 2010, IPCC 2014). The Gulf of Mexico is
no exception to this pattern. It is likely that regional climate
warming contributed to the intensification of Hurricane Mi-
chael and the resultant destruction of the town of Mexico
Beach, FL and neighboring regions of adjoining Saint Joseph

Bay (National Weather Service 2018). Despite the physical
impacts to the human populations living in coastal areas, the
present study provides further support that sea urchins such
as L. variegatus residing in seagrass communities along the
northern Gulf of Mexico are largely resilient to hurricanes,
and in the present study remarkably so, given the intensity of
Hurricane Michael.
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