


Fig. 1 The study site on the Cape Rose Flats, Shark Bay, Western Australia. The inset
shows the location of the Cape Rose Flats within Shark Bay. The study site was divided
into six transects representing nearshore (black), sand (gray), and patchy (white)

microhabitats. Black circles represent the location of temperature data loggers
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Fig.4 Conceptual model illustrating how use of sandflat habitats can result in decreased
growth rates for rays. When large shark abundance is high, rays shift from productive
habitats, which allow for large rations, to safe sandflat habitats with limited prey
resources, resulting in smaller rations. Sandflat habitats are also warmer, resulting in

increased metabolic costs and possibly lower assimilation efficiency
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Abstract

Movement patterns and habitat use are important in determining the ecological
role of species. Understanding these patterns for marine mesopredators are particularly
important because they link upper and lower trophic levels, but often are overlooked.
Using acoustic telemetry, I examined coarse-scale diel and seasonal movements within a
guild of co-occurring elasmobranch mesopredators on the shallow sandflats of Shark
Bay, Western Australia. The two most common species, giant shovelnose rays,
Glaucostegus typus, and reticulate whiprays, Himantura uarnak, were most often
detected in nearshore microhabitats and were regularly detected day and night, as well as
during both the warm and cold seasons, although reticulate whiprays tended to frequent
the monitored array over longer periods. Pink whiprays, H. fai, and cowtail stingrays,
Pastinachus atrus, which tend to be more active species, were also detected during the
day and night, but were far less frequently detected on the sandflats. Overall, there was
no apparent spatial or temporal partitioning of the sandflats, but residency to the area did
vary among species. In addition, presence throughout the year, suggests that previously
observed differences in seasonal abundance are likely a result of seasonal changes in
habitat use rather than large-scale migrations. While diurnal use of the sandflats may be
motivated by predation risk, particularly during the warm season, nocturnal use of the
flats may potentially provide energetic benefits because of slower metabolism associated
with lower temperatures. Continuous use of the sandflats by this ray community suggests

that rays have the potential to be a structuring force on this system.
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Introduction

Understanding patterns of habitat use and movement are critical for understanding
the ecological role of species because they determine the spatiotemporal pattern of
species interactions (e.g., Morris 2003), and identify areas that may be critical for species
conservation. Such as understading is especially important for elasmobranchs, which
tend to occupy upper trophic levels (Cortés 1999, Ebert and Bizzarro 2007) and as a
result may play an important role in many ecosystems (Heithaus et al. 2010). Therefore,
studies of their habitat use and movement are potentially important for understanding
marine community dynamics. Such studies have taken on a greater importance in light of
dramatic declines in the abundance of large sharks populations (e.g., Musick et al. 1993,
Baum et al. 2003) and possible increases in population sizes of smaller-bodied
elasmobranchs (Sheperd and Myers 2005, Myers et al. 2007, Feretti et al. 2010) that may
transmit top-down effects to lower trophic levels.

Movement patterns of several elasmobranchs have been examined using a variety
of tagging and telemetry methods, but studies have tended to focus on large predators
(e.g., Andrews et al. 2010, Jorgensen et al. 2010, Meyer et al. 2010), commercially
important species (e.g., Conrath and Musick 2010, King and McFarlane 2010, Sulikowski
et al. 2010), species with conservation concerns (e.g., Skomal et al. 2009, Whitty et al.
2009, Simpfendorfer et al. 2010), or in easily accessible coastal shark nurseries (e.g.,
Heupel and Hueter 2002, Heupel et al. 2004, Carlson et al. 2008). Little attention has
focused on the movements of batoids (e.g., rays) — (but see Cartamil et al. 2003, Vaudo

and Lowe 2006, Collins et al. 2007, 2008) — even though they have the potential to be
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ecologically and economically important (VanBlaricom 1982, Thrush et al. 1991, 1994,
Peterson et al. 2001).

Shark Bay, Western Australia, which because of its limited anthropogenic
impacts, has served as a model system for investigating the role of tiger sharks,
Galeocerdo cuvier (Heithaus et al. 2007), also provides habitat to a wide diversity of
elasmobranch mesopredators, especially rays (White et al. 2004, Vaudo and Heithaus
2009). Previous work has shown that based on visual surveys, several of the most
abundant ray species display similar daytime behaviors, patterns of seasonal abundance
and microhabitat use on Shark Bay’s sandflats (Vaudo and Heithaus 2009, Chapter V).
In addition, there is a large degree of dietary overlap among the most abundant rays
(Vaudo and Heithaus 2011). It remains unknown, however, whether these species might
partition habitats through interspecific variation in seasonal and diel patterns of the use of
sandflat habitats. Understanding these patterns of ray sandflat habitat use will help
provide insights into how and at what scales rays may influence sandflat community
dynamics under near pristine conditions. The goal of this study was to investigate
coarse-scale residency patterns of individual rays and diel patterns of habitat use of

prominent ray species found on Shark Bay’s sandflats using passive acoustic telemetry.

Materials And Methods
Study Site

Shark Bay, Western Australia (25°45°S, 113°44°E), located approximately 800
km north of Perth, is a large (ca. 13,000 km?) semi-enclosed bay containing vast seagrass

shoals and several expansive shallow nearshore sandflats with fringing seagrass beds.
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Several ray species frequent these sandflats throughout the year and are extremely
abundant during the warm season (September-May) when water temperatures exceed
20°C (Vaudo and Heithaus 2009). Within the Cape Rose Flats (~8.3 km?), I have
previously defined three microhabitats: nearshore, sand and patchy. Nearshore
microhabitats are adjacent to the shoreline and intertidal, sand microhabitats have depths
of 1-2 m, and patchy microhabitats are 1-3 m deep and are covered with patchy seagrass

(Vaudo and Heithaus 2009).

Acoustic Monitoring

To examine diel and seasonal use of the Cape Rose Flats by individual rays, I
used acoustic monitoring. Rays were captured using longlines and netting techniques
described in Vaudo and Heithaus (2009). Once captured, rays were measured (disc width
or total length), externally tagged with a coded acoustic transmitter (V16-5H-R4k, delay:
30-90s; V16-5H-R64k, delay: 60-180s, Vemco Ltd) attached to an M-tag, and released at
the site of capture. Ray processing time did not exceed 5 min and all individuals swam
away from the release location in a manner similar to untagged rays within a few minutes
of release.

Between 16 May 2006 and 26 January 2007, I used an array of 14 omni-
directional automated acoustic receivers (VR2, Vemco Ltd) providing nearly full
coverage of the Cape Rose Flats (Array 1, Fig 1) to estimate fidelity to these flats. In an
attempt to elucidate movements at a microhabitat scale, I changed the arrangement of
receivers to create larger overlap in receiver detection areas. The resulting array (Array

2, Fig 1), consequently, provided coverage of only the western edge of the Cape Rose
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Flats (Array 2, Fig 1). The second receiver array was in place from 27 January 2007 to
27 February 2008.

I conducted range testing of acoustic receivers on the Cape Rose Flats prior to
designing Array 1 and within both arrays. All range tests took place during the warm
season. During range tests, [ towed an acoustic transmitter across the flats and using a
VR60 acoustic receiver (Vemco Ltd) and GPS recorded the time and position of my
vessel every time the transmitter emitted a signal. Transmitter position was compared to
detections recorded by the automated acoustic receivers.

Bottom water temperatures were recorded within Array 2 using three temperature
loggers (HOBO Water Temp Pro v2, Onset Computer Corporation, accuracy: 0.2°C,
resolution: 0.02°C) placed across the sandflat (Fig. 1). Water temperatures were logged
at midnight and noon from 12 February 2007 (23 April 2007 for the logger furthest from
shore) until 31 December 2007. I analyzed temperature data using season, time of day
and location as factors and day as a random blocking factor. Temperature data spanned

two separate warm seasons, so I considered each warm season separately.

Acoustic Monitoring Data Analysis

I grouped the detections of each individual ray on each receiver into half hour
bins. Because detection frequencies of acoustic transmitters are affected by a variety of
environmental factors (Heupel et al. 2006, Simpfendorfer et al. 2008) and therefore using
uncorrected detection frequencies could potentially lead to incorrect inferences about
animal behavior (Payne et al. 2010), I considered only the presence of individuals on

receivers as opposed to the total number of detections on receivers. For each ray, |
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assigned each half hour block to a microhabitat type based on the combination of
receivers that ray was detected on during that block. To examine the effects of season
[warm (September-May) and cold (June-August)], time of day [daytime (sunrise-sunset)
and nighttime (sunset-sunrise)], and microhabitat on each species’ total number of time
blocks spent within the array, I used a standard least squares model with individual as a
random factor. Most rays were tagged on different days, so we divided the number of
time blocks by the time at liberty for each ray. Because it is not possible to differentiate
between rays that never return to the array and those that may have lost their transmitters
outside of the array, time at liberty was defined as the number of days between the day of
tagging and the last detection. Length of stay on days rays were present was also
examined in the same manner as total time within the array, using the number of time

blocks per day as the dependant variable.

Results
Range Tests

Prior to establishing Array 1, during range tests conducted at tidal heights >1.5m
and under light winds, I measured a maximum detection range of 920m. Within the
maximum detection range, 55 of 88 (62.5%) transmitter signals were detected. Within
500m of the acoustic monitor, 49 of 67 (73.1%) transmitter signals were detected. Range
tests within Arrays 1 and 2 took place during tidal heights ~1-2m and tended to take place
when visibility conditions on Cape Rose Flats did not allow for other work. Poor
visibility conditions were most often the result of winds causing Beaufort sea states of

greater than three. Within Array 1 only 47 of 476 (9.9%) of signals with 500m of a
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receiver were detected. Individuals receivers detected 0-44.4% of signals emitted within
500m. Seventy-two of 182 (39.6%) of signals within 500m of a receiver were detected
within Array 2 and one detection was made from a distance of 708m. Individuals

receivers within Array 2 detected 0-51.9% of signals emitted within 500m.

Array 1

Between 21 May 2006 and 9 November 2006, I tagged nine reticulate whiprays,
Himantura uarnak (73-113 cm disc width), within Array 1. On the basis of body size, all
were immature, with the possible exception of the largest individual. Reticulate whiprays
were detected over periods ranging from 17-171 days (85.67 = 50.46 days; mean + SD)
and all four individuals tagged prior to September 2006 were detected during the cold
season (June-August). The total amount of time reticulate whiprays were present on the
flats was influenced by the interaction between time of day and microhabitat (F = 6.73, p
=0.012; Fig 2). Regardless of time of day, rays spent more time in the nearshore
microhabitat than the other two microhabitats, but the use of nearshore areas was greatest
at night. Length of stay was longer at night than during the day (F = 123.48, p < 0.0001;
nighttime = 6.4 + 0.2, daytime = 4.7 + 0.2 half hr blocks; mean + SE), during winter (F =
11.14, p=0.013; warm = 4.1 + 0.5, cold = 7.0 + 0.5 half hr blocks), and in nearshore
microhabitats (F = 14.29, p = 0.0005; Fig 3). During the warm season, reticulate
whiprays were detected on 72.5-100% of days between tagging and their last detection.
Rays that were present in the cold season were detected on 54.9-100% of days prior to

their last detection.
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We tagged eight juvenile giant shovelnose rays, Glaucostegus typus (151-205 cm
total length), between 6 June 2006 and 21 October 2006. Shovelnose rays were detected
within the receiver array for periods of 2-90 days (22.6 + 28.6 days; mean + SD), which
was less than that of reticulate whiprays (Mann-Whitney U-test, W = 108.0, p = 0.011).
Time x season (F = 9.07, p = 0.024) and time x microhabitat (F =7.20, p =0.011)
interactions influenced the total amount of time shovelnose rays spent within the array.
During the warm season, there were no diel differences in the amount of time shovelnose
rays were detected on the flats, but shovelnose rays were detected for more time at night
during the cold season (Fig 4). During the day, there was no spatial variation in the
amount of time that shovelnose rays were detected, but at night, rays used nearshore areas
more often (Fig 5). Shovelnose ray length of stay within the array was longer at night (F
= 8.46, p < 0.026; nighttime = 5.8 + 0.7, daytime = 4.0 = 0.7 half hr blocks; mean + SE)
and in nearshore microhabitats (F = 4.37, p = 0.048; Fig 6). From the date of their
tagging to the date of their last detection, shovelnose rays were present on 46.7-100% of

days during the cold season and 18.0-100% of days during the warm season.

Array 2
Malfunctions of automated receivers within Array 2 limited my ability to assign
time blocks to microhabitats after 22 April 2007, so quantitative analyses involving
microhabitat were limited to the time period between 27 January 2007 and 22 April 2007
(warm season) and species with at least five tagged individuals during that time period.
We tagged two additional reticulate whiprays (108 and 94 cm disc width) on 18

and 19 February 2007. These rays were detected within Array 2 over periods of 42 and
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295 days. Both rays were detected during both daytime and nighttime periods and the ray
detected over a period of 295 days, remained in the area throughout the cold season,
being detected on 96.7% of cold season days. Overall rays were detected 84 and 100% of
days between tagging and the date of their last detection.

On 20 February 2007, I tagged three giant shovelnose rays (182-201 cm total
length. I detected these rays for periods ranging from 15 to 185 days and were present
during daytime and nighttime periods. All the shovelnose rays had left the array by the
end of April, but one individual returned in mid-August for 5 days during a period of 10
days. The shovelnose rays present in the array for 15 and 59 days were detected on 100%
of days. The ray that returned during the cold season was present on 80.6% of the 62
days prior to its cold season return and 29.7% of days overall.

Between 20 February 2007 and 6 April 2007, I tagged five juvenile pink
whiprays, H. fai (84-100 cm disc width). These rays were detected for periods ranging
from 7 to 112 days (34.80 + 44.06 days; mean = SD) and all of the pink whiprays had left
the array before the start of the cold season. During the cold season one individual
returned to the array for a 3-day period after a 2-month absence and then again for 2 days
after about 3 weeks. Pink whiprays were detected on 50.0-85.7% of days prior to their
last warm season detection. On the basis of the limited data available for pink whiprays,
I found no effect of time of day (F = 0.25, p = 0.641) or microhabitat (F = 0.638, p =
0.558) on the total time spent within the array. Similarly, I found no effect of time of day
(F=0.001, p=0.976) or microhabitat (F = 0.98, p =0.419) on length of stay.

Nine cowtail stingrays, Pastinachus atrus (a mix of juveniles and possible adults:

89-133cm disc width) were tagged between 17 February 2007 and 29 March 2007.
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Cowtail stingrays were detected in the array for periods of 4-189 days (32.9 + 58.8 days;
mean + SD), with only one ray detected after early April. This individual was not
detected during the cold season, but was detected briefly in early September. Between
tagging and their last detection within the array prior to the cold season, cowtail stingrays
were recorded on 9.0-70.0% of days. With limited data for cowtail stingrays, I found no
effect of time of day (F = 0.83, p = 0.388) or microhabitat (F = 0.85, p = 0.447) on the
total time spent by these animals within the array. Similarly, I found no effect of time of

day (F =1.75, p = 0.235) or microhabitat (F = 1.02, p = 0.439) on length of stay.

Temperature

Midnight temperatures ranged from 15.2-28.0 °C, 13.9-22.2 °C, and 16.6-27.3 °C
for the late warm (February-May), cold, and early warm (September-December) seasons,
respectively. Noon temperatures ranged from 16.7-29.2 °C, 14.4-22.8 °C, and 17.9-29.0
°C for the late warm, cold, and early warm seasons, respectively. The interaction
between season, time of day and location resulted in temperature differences (F = 11.27,
p <0.001). Mean cold season temperatures were >3°C lower than warm season
temperatures and daytime temperatures were warmer than nighttime temperatures except
at the location furthest from shore. Mean temperatures tended to increase with distance
from shore during the late warm season and cold season, while offshore temperatures

were cooler during the days in the early warm season (Fig 7).
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Discussion

Working in Shark Bay’s nearshore sandflats presented some problems for
acoustic monitoring. Shallow waters coupled with tidal effects and Shark Bay’s regular
windy conditions can severely hamper signal detection (Finstad et al. 2005, Heupel et al.
2006). These conditions may be most problematic in the nearshore microhabitat, which
has the shallowest waters. As a result these environmental factors, especially wind, and
the presence of the vessel itself may have contributed to the low rates of detection
observed during range tests. The high volume of detections of several animals over
extended periods suggests an underestimation of receiver detection efficiency, although
spotty detection patterns within the arrays also suggests that at times detection efficiency
may have been compromised by environmental conditions. Although not examined, such
variation in detection efficiency may have a seasonal component, as the warm season
tends to be windier than the cold season in Shark Bay and the lowest tides take place
early in the warm season. Because of the apparent variability in detection efficiency, I
used a conservative approach to animal presence by using time blocks that had detections
as my variable as opposed to using the total number of detections in time blocks, which
has been used in other studies (e.g., Collins et al. 2007, Meyer et al. 2007, Carlson et al.
2008, Collins et al. 2008). Given that more detections were recorded in the nearshore
microhabitat than any other microhabitat despite the higher likelihood of missed signals
and the conservative approach I used, my results are robust. In addition, the variable
detection efficiency combined with the open nature of the arrays and long periods of ray
movements that were extremely limited or nonexistent (i.e., continuous periods of up to

days detected at a single receiver) prevented examination of diel movement rates.
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Previous studies of Shark Bay’s sandflat ray community have shown that rays are
abundant during the warm season, especially in nearshore microhabitats, and that ray
densities decrease in the cold season (Vaudo and Heithaus 2009). Acoustic monitoring
showed somewhat similar spatial patterns but provide new insights into seasonal patterns
of habitat use and abundance. Shovelnose rays, Glaucostegus typus, and reticule
whiprays, Himantura uarnak, that I monitored spent the most time in nearshore
microhabitats. However, rays were often detected on the sandflats during the cold season
and interestingly, season did not influence the total amount of time these species were
detected on the sandflats when they were present. In fact, on days reticulate whiprays
were detected, they were recorded for more time on the sandflats during the cold season,
although these results may be confounded by receiver detection efficiencies. The
continued presence of individual shovelnose rays and reticulate whiprays on the sandflats
during winter, therefore, suggests that the observed decrease in densities of these species
in winter may be a result of differences in habitat use (i.e., more time spent in deep
habitats not sampled here or during visual surveys) during the cold season rather than
migration out of Shark Bay, which would have resulted in no detections during the cold
season. On the basis of dietary information (Vaudo and Heithaus 2011), examination of
potential prey densities on the sandflats, ray behaviors, and large shark densities, I
suggested that increased ray densities during the warm season might be a method of
avoiding predation from tiger sharks, Galeocerdo cuvier, and great hammerhead sharks,
Sphyrna mokarran, which are common in Shark Bay during the warm season, rather than
exploiting available prey or thermal heterogeneity (Chapter V). It is possible, however,

that nocturnal use of the flats could be thermally motivated. Nearshore microhabitats,
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which were used most frequently, tended to be the coolest at night and rays may benefit
energetically by residing in cooler water, especially if they have been feeding (Matern et
al. 2000, Sims et al. 2006, Wallman and Bennett 2006, Di Santo and Bennett 2011).
Energy conservation associated with use of cool waters may be extremely important in
light of the high temperatures experienced during the day, especially in the warm season
(Chapter V) and requires further study.

Of the two most common species, reticulate whiprays showed a more consistent
presence on the Cape Rose flats than other species. Seven of the nine whiprays
monitored with Array 1 were detected over the course of two months, two rays were
present for over five months, and all were present at least 72% of days between tagging
and their last detection. Further, within the smaller area covered by Array 2, the
reticulate rays were present for 42 and 295 days, and they were present for at least 84%
of days. These data suggest that at least on the scale of months juvenile reticulate
whiprays make relatively limited movements. Shovelnose rays spent much less time on
Cape Rose flats, with five animals from Array 1 detected for less than two weeks and
only one shovelnose ray detected for over one month. One of the shovelnose rays from
Array 2, however, was detected for 59 consecutive days. Juvenile shovelnose rays,
therefore, may be more nomadic than reticulate whiprays. However, it is unlikely that
shovelnose rays move great distances. Indeed, two shovelnose rays last present at the end
of the cold season (late August) returned briefly the following March and one shovelnose
ray from Array 2 returned after a four-month absence. Additionally, shovelnose rays
tagged with dorsal fin tags were spotted on flats near Monkey Mia, ~10 km southeast of

the Cape Rose flats, over one year after being tagged on the Cape Rose Flats (Vaudo
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personal observation), further suggesting that shovelnose rays may have larger home
ranges than whiprays, but still remain within the eastern gulf of Shark Bay. Limited
movements over similar timescales have been observed in other rays that spend large
amounts of time resting on the bottom (Vaudo and Lowe 2006, Simpfendorfer et al.
2010) and even in more mobile elasmobranch species, juveniles have often shown
restricted movements (e.g., Morrissey and Gruber 1993, Garla et al. 2006, Wetherbee et
al. 2007).

Pink whiprays, H. fai, and cowtail stingrays, Pastinachus atrus, are less
frequently observed on the flats of my study area (Vaudo and Heithaus 2009) and, not
surprisingly, were detected for shorter periods of time. Most individuals were detected
over periods of less than two weeks and present for <70% of days. Array 2, however, did
not provide full coverage of the Cape Rose flats, so it is possible individuals left the array
but remained on the flats. Cowtail stingrays may exhibit movement patterns similar to
those observed for the shovelnose rays. Cowtail stingrays are known to move into the
shallow nearshore waters of Shark Bay’s sandflats to rest in groups (Semeniuk and Dill
2005), but are also more often seen swimming than reticulate whiprays (Vaudo
unpublished), which may indicate a more active lifestyle. Cowtail stingrays appear to
forage more heavily on sandflat-associated prey than other ray species that I studied
(Vaudo and Heithaus 2011) and, therefore, may be responsible for many of the feeding
pits observed on the sandflats (Vaudo and Heithaus 2011). Prey densities on the
sandflats, however, are low (Wells et al 1985, Chapter V), which may require cowtail

stingrays to forage over large areas to locate adequate prey resources.
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Pink whiprays appear to be more active than the other rays monitored.
Approximately 75% of pink whiprays observed within the study site were swimming
(Chapter V), therefore, it is not surprising that individuals would not remain within the
detection range of the array for long, especially considering the size of Array 2. Other
mobile rays, such as cownose rays, Rhinoptera bonasus, have been known to use areas
approximately three times larger than the Cape Rose flats over the course of a single day
(Collins et al. 2007). Pink whiprays are also the only species regularly observed
swimming in groups within the study area (Vaudo and Heithaus 2009) and large groups
(>30 individuals) have been observed foraging together (Heithaus personal observation).
Such group feeding may rapidly deplete prey within an area (Peterson et al. 2001)
necessitating movements to new areas.

Although residency to the Cape Rose flats varied between species, all species
were regularly present on the flats during the day and night, despite daytime behaviors
and diets that would suggest moving into seagrass habitats at night to forage (Vaudo and
Heithaus 2011, Chapter V). Further, some reticulate whiprays continued to visit the
sandflats during the cold season and overall, giant shovelnose rays were detected for
longer periods of time on the sandflats during cold season nights than any other time of
the year, indicating that the shallow waters of the sandflats may serve as more than just a
refuge from predators, which are most abundant during the warm season, although even
low predator abundances could trigger anti-predator behaviors (Heithaus and Dill 2002).
The continued use of the sandflats, especially nearshore microhabitats, by rays combined
with the high densities often observed (Vaudo and Heithaus 2009) suggests that rays may

play an important role in the structure of the sandflat community, not limited to predatory
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effects because rays’ benthic nature contributes to bioturbation, reworking sediments and
potentially altering nutrient dynamics (Thrush et al. 1991, Myrick and Flessa 1996, Yahel
et al. 2008). Understanding the role this ray community plays will require more detailed
information of ray movements and behaviors, especially during the night, which acoustic
monitoring does not allow. Knowledge of the fine-scale movements and the factors
affecting movements of this ray community combined with manipulative experiments to
determine ray effects on prey communities and nutrient flux could provide important

insights into the dynamics of tropical and subtropical nearshore soft bottom ecosystems.
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Fig. 1 This study was conducted on the Cape Rose Flats, Shark Bay, Western Australia.

White dots represent acoustic receiver locations for Array 1 (21 May 2006 — 9 November
2006). Black dots are the locations of acoustic receivers for Array 2 (27 January 2007 —

8 February 2008). Asterisks indicate receivers with temperature loggers
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Despite considerable interest in the behavior and ecology of large sharks,
relatively little research has been focused on smaller-bodied elasmobranch
mesopredators, especially batoids. This is a potentially important oversight since batoids
have the potential to exert top-down impacts of their own (VanBlaricom 1982, Thrush et
al. 1994, Peterson et al. 2001, Myers et al. 2007) and, therefore, transmit indirect effects
of apex predators (Myers et al. 2007, Ritchie and Johnson 2009). In my review of
elasmobranch trophic relationships in Chapter I, I found that studies have primarily
focused on elasmobranch diets and there is little information available on how
elasmobranchs interact with or effect their predators and prey. Further impeding an
understanding of the ecology and importance of batoids and other elasmobranch
mesopredators is the lack of systems with relatively undisturbed populations of batoids
and their predators (large sharks). By examining a batoid community in an isolated, near
pristine system, I was able to examine habitat use patterns and foraging ecology of
several batoid species and the biotic and abiotic factors that could potentially influence
these behaviors in the absence of major anthropogenic impacts.

I found that the batoid community of Shark Bay is very diverse (Chapter II), with
12 species found on the nearshore sandflats of Shark Bay during my study, including a
species that at the time of my fieldwork was undescribed. With at least 18 species of
batoids, Shark Bay supports species richness similar to that found in much larger areas,
like Australia’s Gulf of Carpentaria (Blaber et al. 1994). Batoids on the sandflats of
Shark Bay were mostly juveniles and, surprisingly, the most common species of batoids

displayed similar patterns of seasonal abundance and microhabitat use, with densities
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increasing in nearshore microhabitats during Shark Bay’s warm season (September to
May).

In addition to having similar daytime microhabitat use patterns, the most common
species have a great deal of dietary overlap, feeding primarily on crustaceans, which are
most abundant in seagrass habitats (Chapter III). Stable isotopic analysis showed that
within species there was considerable variation, most of which could not be attributed to
ontogenetic dietary shifts, hence there may be varying levels of individual specialization
within these populations. Further, these batoid populations are highly dependant on
seagrass derived carbon. The combination of similar microhabitat use patterns and diets
contrasts with predictions for populations that are limited primarily by food — where
greater niche segregation would be expected in diets or habitat use — and raises the
intriguing possibility that populations are regulated by other factors such as predation.

With information on diet and behaviors observed during surveys, I was then able
to assess the factors that may affect habitat use in Chapter IV. By examining water
depth, thermal heterogeneity, and the abundance of predators and prey, I showed that
daytime batoid microhabitat use during the warm season is likely related to predator
avoidance. Choosing to rest in shallow waters (the nearshore microhabitat) as a means of
avoiding predators, however, appears to represent an energetic tradeoff. Not only are the
batoids using microhabitats with limited food availability, but these habitats are also
often the warmest microhabitats available, which for poikilothermic species such as
batoids will result in increased metabolic rates and therefore costs, but can lead to faster

growth rates if energy intake increases at a higher rate than metabolism.
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Acoustic monitoring data presented in Chapter V also supports the hypothesis that
use of the sandflats is related to batoid predators. Individual batoids use the sandflats
throughout the diel cycle and during the cold season (June to August), suggesting that
lower abundances of batoids on the sandflats during the cold season are likely a result of
habitat shifts (i.e., movements into deeper waters where visual surveys and acoustic
monitoring were not practical) rather than a seasonal migration out of Shark Bay.

Overall, the nearshore sandflats of Shark Bay appear to act as a nursery habitat for
juvenile batoids, providing protection from the seasonally abundant tiger shark,
Galeocerdo cuvier, and great hammerhead (Sphyrna mokarran) populations. Given the
large number of batoids within the system and their use of the sandflats throughout the
diel cycle, batoids have the potential to influence the sandflat community of Shark Bay,
especially during the warm season. Interestingly, their largest impact is not likely to be
the result of their foraging activities, but rather bioturbation because they often bury in
the sand while resting. Bioturbation could displace and remove meiofauna (VanBlaricom
1982, Cross and Curran 2000) as well as resuspend nutrients within the sediments (Yahel
et al. 2008), potentially altering nutrient dynamics and ultimately community
composition.

The use of the nearshore sandflats as a refuge may also alter the dynamics
between batoids and their non-sandflat associated prey. The large amount of time batoids
spend resting on the sandflats to avoid predation risk equates to lost foraging
opportunities. Such risk effects can maintain mesopredator populations below the
carrying capacity set by their prey (Heithaus et al. 2008), effectively releasing

mesopredators from prey limitation. When resources are abundant, species face lessened
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competitive pressures and are able to use the same resources, which may in part explain
the high dietary overlap observed among the dominant batoid species and may be a
contributor to the high batoid diversity observed.

Also of interest is the relationship between Shark Bay’s batoids and temperature.
Although the batoids can tolerate the highest water temperatures found in Shark Bay, the
relationship between their metabolic rates and temperature are unknown. Batoids
undoubtedly incur higher metabolic costs in warm water (Du Preez et al. 1988, Hopkins
and Cech 1994), which can negatively affect growth rates unless increased feeding can
offset the higher costs (Wurtsbaugh and Davis 1977, Russell et al. 1996). Depending on
the metabolic costs of inhabiting high temperatures, increasing global temperatures could
at some point in the future eliminate the shallow waters of the nearshore microhabitat as a
viable refuge from predators, altering the interactions between batoids and large sharks
and, ultimately, the dynamics of nearshore communities.

Top-down pressure from large sharks does appear to play an important role in
Shark Bay’s batoid community. Throughout the warm season, juvenile batoids select
habitats that provide protection from large sharks (i.e., habitats too shallow for large
sharks to enter). Batoids may then impact these shallow habitats through bioturbation
and limited foraging; therefore, large sharks, through their interaction with batoids, may
indirectly affect the dynamics of Shark Bay’s shallow sandflats, despite not normally
having access to these areas. Thus, my study provides further evidence for the
importance of apex predators and how their interactions with mesopredators can shape

systems.
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