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ABSTRACT

For top terrestrial predators, the main driver of their
abundance and behavior is prey availability. While
some studies have found the relative abundance of
prey influence the relative abundance of sharks,
more studies are needed to confirm this
phenomena. This study used baited remote
underwater video stations (BRUVS) and scientific
drumlines to examine the relationships between the
abundance of sharks and the availabllity of their
prey. Six trophic specific relationships were found.
These relationships support that the distribution of
animals is not randomly through space; their
abundance Is Iinfluenced by a variety of factors,
iIncluding the availabllity of prey and the risk of
predation.

OBJECTIVES

Developing an understanding of the foraging
behavior and spatial distribution of apex predators
IS necessary for a complete understanding of
marine ecosystems. This study addressed following
three gquestions:

1. Is the abundance of sharks related to the
abundance of teleosts?

2. Given the wide diversity of trophic levels among
sharks and teleosts, Is there a relationship between
the abundance of sharks at different trophic levels
and the abundance of teleosts at different trophic
levels?

3. Is there a relationship between the abundance of
large bodied/medium bodied sharks sand the
abundance of small bodied sharks?

Results of this thesis will contribute to the growing
knowledge base on shark behavioral ecology, and
potential for conservation and management
strategies. This study seeks to examine the
ramifications of prey abundance on shark habitat
use on multiple time scales across a variety of
shark species with different trophic positions.
Additionally, the proximity of the study location to
the Miami metropolitan areas allows for exploration
on the effects of urbanization on both fish
abundance and diversity and shark abundance and
diversity.

METHODS

Study Site

Biscayne Bay iIs a shallow subtropical lagoon on the southeastern
coast of Florida and is bordered to the west by the mainland and to
the east by barrier islands and keys. This naturally clear-water bay is
enriched with tropical flora and fauna. The ecosystems of Biscayne
Bay have been subject to severe anthropogenic impacts as the
Miami metropolitan area expands. Miami-Dade is the second largest
county area in the state of Florida, and it is home to the state’s
largest population. There are nearly 2.5 million people living in the
Miami area, with many more visiting the area as a tourist destination
each year. Prior to the population boom of the 20" century, Miami-
Dade was home to mangroves, freshwater marshes, seagrass beds,
and coral reefs. Over the past one hundred years of development,
many of these ecosystems have been altered and removed to make
way for massive amounts of waterfront development. Many of these
ecosystems are fragments of what they once were, surrounded by
other, particularly urban land uses (Alonso and Heinen 2011).

Scientific Drumlines for Medium and Large Sharks

The relative abundance of large bodied, medium bodied, and nurse
sharks measured using a drumline system. Sampling was done
opportunistically; drumline surveys are contributing to several other
long-term research projects. The large hook size, and fileted bait
targets primarily larger species. Sampling occurred within the
Biscayne Bay and Miami area between September 2019- March
2020, including both dry (November-April) and wet seasons (May-
October). Sharks were captured and CPUE was measured using a
standardized drumline system, as described in Gallagher et. al 2014.
Drumlines were deployed in a transect line at each sampling location
and left to soak for one hour. After an hour had passed, the
drumlines were retrieved and redeployed. Sharks caught on lines
were quickly reeled in and secured on a semi-submerged platform.
The sharks were released in a sampling process which took no more
than seven minutes.

Baited Remote Underwater Video Stations (BRUVS) for small sharks
and teleost fishes

To measure the relative abundance of small bodied sharks and
teleost fishes BRUVS were used. BRUVS were deployed at the
beginning and end of each set of drumlines, at the same sampling
locations. Due to the bait type (sardines) the species which are
primarily surveyed are teleost fish and small bodied sharks. BRUVS
are a valuable tool as they enable scientists to survey fishes in a
variety of areas without requiring the capturing and handling of fish.
The BRUVS used in this study consisted of a rig made of PVC piping
and a camera mounted in a fixed position (Figure 2.3). The fixed
positioning allows the recording of organisms which come into view.
Fish and small bodied shark counts were recorded using the MaxN
method (Cappo, Speare et al. 2004). MaxN is advantageous for
several reasons. This method counts the maximum number of
Individual fish of a given species in a field of view at one time
(Cappo, Speare et al. 2004), the MaxN for each one-hour
deployment was recorded for small sharks, teleosts, and each
defined trophic guild of teleost fishes. This prevents individual fish
from being counted more than once.

Trophic Levels

Prior to any analysis, the species which were surveyed were
provisioned into trophic levels based upon their past studies on diets
and sizes
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Diagram of BRUV used in this study. The BRUVS used in
this study consisted of a rig made of PVC piping and a
camera mounted in a fixed position.

Study locations throughout Biscayne Bay.

RESULTS

Between September 2019 and March 2020, a total of 98 sharks at 15
different sampling sites were caught using drumline surveys, all were
tagged and released a standard scientific workup was conducted for
the purpose of other research projects. The 98 sharks were from 8
different species. Within the same timeframe 40 baited remote
underwater videos were deployed at the 15 different sampling sites.
A variety of fish were identified.

Across 27 correlations, six significant relationships were found
between potential predators and prey:

Medium Bodied Sharks vs. Teleosts: There is a moderate positive
relationship (Spearman Rho= 0.341, P-Value=0.034) between the
abundance of medium bodied sharks and the abundance of teleosts
(Figure 2.4),

Large Bodied Sharks vs. Piscivores: There is a moderate positive
relationship (Spearman Rho= 0.348, P-Value=0.030) between the
abundance of large bodied sharks and the abundance of piscivores
(Figure 2.5).

Nurse Sharks vs. Generalist Omnivores: There is a moderate
negative relationship (Spearman Rho=0.323, P-Value=0.045)
between the abundance of nurse sharks and the abundance of
generalist omnivores (Figure 2.6).

Small Bodied Sharks vs. Crustacean Zoobenthivores: There is a
moderate positive relationship (Spearman Rho= 0.335, P-
Value=0.037) between the abundance of small bodied sharks and
the abundance of crustacean zoobenthivores (Figure 2.7)

Medium Bodied Sharks vs. Crustacean Zoobenthivores: There is a
moderate positive relationship (Spearman Rho= 0.338, P-
Value=0.035) between the abundance of medium bodied sharks and
the abundance of crustacean zoobenthivores (Figure 2.8)

Large Bodied Sharks vs. Small Bodied Sharks: There is a strong
negative relationship (Spearman Rho=-0.414, P-Value=0.009)
between the abundance of large bodied sharks and the abundance
of small bodied sharks (Figure 2.9).

Teleosts Piscivores Herbivores Generalist Omnivores Crustcean Zoobenthivores | Small Bodied Sharks
r p r p r p r P r p r p
Small Bodied Sharks 0.314 | 0.053 | -0.053 | 0.748 | 0.03 0.855 0.106 0.522 0.335 0.037
Medium Bodied Sharks | 0.341 | 0.034 | 0.107 | 0.518 | 0.277 0.088 0.21 0.183 0.338 0.035 -0.198 0.226
Nurse Sharks -0.186 | 0.257 013 | 0429 | -0.277 0.165 0.323 0.045 -0.202 0.217 -0.094 0.568
Large Bodied Sharks 0.007 | 0.99 | 0.348 | 0.03 | -0.131 0.522 0.005 0.976 0.042 0.801 -0.414 0.009

highlights denotes a significant relationship

Results of Spearman rho test for correlation for deployment MaxN and daily CPUE.
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CONCLUSIONS

The distribution of animals is not randomly through space, their
movement ecology is influenced by a variety of factors; one of these
factors is the landscape of fear. The landscape of fear model is a
concept in ecology which predicts how animals move throughout
their environment- it predicts that as an animal’'s landscape changes
from low to high risk of predation, prey will alter their behavior to
mitigate predation risk (Hammerschlag, Broderick et al. 2015). The
negative correlation between the relative abundance of large bodied
sharks and small bodied sharks displays the potential for the ability
of surveyed small bodied sharks in Biscayne Bay to recognize and
even mediate the risk of predation, affirming the concept of the
landscape of fear. This also displays the top down affects of large
sharks in the Biscayne Bay ecosystem. The results of this study
support the idea that predators not only exert consumptive effects on
their prey (causing mortality), but they also have non-consumptive
(risk effects) on their, altering the foraging behavior, relative
abundance, and habitat use of their prey.

While this study found correlation between prey relative abundance
and shark relative abundance, it cannot confirm that prey abundance
has a direct effect on shark habitat use as whole. Future studies can
seek to use this data or methodology combined with the active
tracking of sharks, whether it be through satellite telemetry or
acoustic telemetry to examine how prey abundance in different areas
throughout the Biscayne Bay affects shark residency patterns,
movements, and habitat use. Moreover, with more active tracking
and further BRUV surveys- and understanding of the foraging
behavior and site fidelity in relationship to prey abundance can be
developed. In order to truly understand the trophic relationships
between sharks and fishes- more data is needed. For example,
stable isotope analysis can be used for assessing the trophic
positions and diet of elasmobranchs to estimate their trophic level
and role in their ecosystems (Shiffman, Gallagher et al. 2012). Data
such as stable isotope analysis, active tracking, abundance data
from CPUE and BRUVS can be used comprehensively to better
understand ecosystems and interactions between predators and
prey. Rather than a simple focus on characteristics and ecology of
the predator, there is a predation (Hammerschlag 2019).
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