Chapter 58
Residency of Reef Fish During Pile Driving
Within a Shallow Pierside Environment

Joseph D. Iafrate, Stephanie L. Watwood, Eric A. Reyier,
Matthew Gilchrest, and Steven E. Crocker

Abstract The potential effects of pile driving on fish populations and commercial
fisheries have received significant attention given the prevalence of construction
occurring in coastal habitats throughout the world. In this study, we used acoustic
telemetry to assess the movement and survival of free-ranging reef fish in Port
Canaveral, FL, in response to 35 days of pile driving at an existing wharf complex.
The site fidelity and behavior of 15 sheepshead (Archosargus probatocephalus) and
10 gray snapper (Lutjanus griseus) were determined before, during, and after pile
driving. No obvious signs of mortality or injury to tagged fish were evident from the
data. There was a significant decline in the residency index for mangrove snapper at
the construction wharf after pile driving compared with the baseline, although this
may be influenced by natural movements of this species in the study area rather than
a direct response to pile driving.
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1 Introduction

It has been shown that high-intensity sound sources such as pile driving are capable
of inducing injury or hearing threshold shifts in fish at close range to the source
(California Department of Transportation 2009; Halvorsen et al. 2011). Although it
is expected that an intense source and its associated pressure waves would result in
injury to a very small percentage of a population, behavioral changes can occur at
greater distances from the source and therefore may affect a larger portion of a
population by causing movement of the fish away from a feeding or breeding ground
or changes in migratory or communicative behavior (Bridges 1997; Popper 2008;
Slabbekoorn et al. 2010).

There is a lack of in-depth behavioral studies examining the effects of high-
intensity sounds on fish in the wild (Popper 2008; Slabbekoorn et al. 2010;
Normandeau Associates Inc. 2012). The most prominent studies thus far have
explored the effects in enclosed environments where behavior cannot be confidently
extrapolated to wild animals (Schwarz and Greer 1984; Jgrgensen et al. 2005; Popper
et al. 2007), the immediate behavioral responses of a single species cannot be inves-
tigated (Knudsen et al. 1992, 1994; Gearin et al. 2000), or direct behavioral observa-
tions of individual fish could not be included (Culik et al. 2001; Bolle et al. 2012).

In this study, the movement of free-ranging reef fish in Port Canaveral, FL, is
documented through the use of acoustic telemetry in response to pile driving.
Sheepshead (Archosargus probatocephalus) and gray snapper (Lutjanus griseus)
were chosen as target species due to their abundance, their membership in diverse
reef fish families (Sparidae and Lutjanidae), and known high site fidelity to hard-
bottom habitats (Reyier et al. 2010). Underwater acoustic receivers were deployed
within Port Canaveral to complement an existing array of compatible receivers span-
ning a range of over 300 km along the east coast of Florida. The study design allowed
for a comparison of baseline residency and patterns of movement for unconstrained
fish before, during, and after exposure to high-intensity pile-driving sounds.

2 Methods

2.1 Study Area

Port Canaveral is a multiuse harbor that supports cruise ships, fishing ports, and
military testing and training activity. Specifically, the Port is composed of a main
navigation channel running east—west as well as West, Middle, and Trident (east)
Turning Basins (Fig. 58.1). The West Basin contains several cruise ship terminals,
while Poseidon and Trident Wharves in the Middle and Trident Basins, respectively,
are managed by the Naval Ordnance Test Unit as a US military facility.

The hard-bottom habitat and structure present from the expansive wharves and
adjacent stone revetments within the Port create valuable habitats that have resulted
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FACT Receivers (Canaveral)

Fig. 58.1 Top: Port Canaveral study area with Vemco VR2W receivers (MB1-MBS5; circles).
Bottom: Pile driving occurred along Poseidon Wharf in the Middle Basin. FACT Florida Atlantic
Coast Telemetry array

in robust resident populations of various tropical reef fish species (Reyier et al.
2010). Although these fish are exposed to low levels of anthropogenic noise regularly
from activity at Port Canaveral, events that produce noise at the source levels typical
of pile-driving construction are rare.

Pile-driving construction was part of a fender replacement project on Poseidon
Wharf in the Middle Basin for 35 days in November and December 2011. The
project involved removal of expired pressure-treated wooden piles and replacement
with 104 polymetric fiberglass-reinforced concrete piles. The square polymetric
piles were 16 in. on edge by 80 ft long and placed in two main sections along the
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center and northern outer faces of the wharf. Turbidity curtains were deployed
around the pile extraction and placement operations to minimize water turbidity
outside the work area. Bottom substrates in the dredged Port Canaveral harbor were
considered fine sediment sand or muddy sand, and the approximate depth at the
location of the pile driving was 10 m. No construction or other disturbance was
occurring in the Trident Basin concurrent with the pile driving along the Poseidon
Wharf, and the behavior of tagged fish in that location served as a separate control.

2.2 Acoustic Telemetry

Vemco VR2W autonomous telemetry receivers (Vemco Division, Amirix Systems,
Inc.) were deployed in the West, Middle, and Trident Basins to supplement the
existing Florida Atlantic Coast Telemetry (FACT) array (Fig. 58.1).

2.3 Collection and Tagging

For this study, a total of 15 sheepshead and 10 gray snapper were tagged in the
Middle Basin and 12 sheepshead and 3 gray snapper were tagged in the Trident
Basin. All fish were collected by either gill net or hook-line angling. Vemco V9-2 L
acoustic transmitters (Vemco Division, Amirix Systems, Inc.) were 29 mm in length
and 9 mm in diameter, had a weight of 2.9 g in water (4.7 g in air), and produced a
69-kHz unique coded signal with a nominal burst interval of 60-90 s at 146 dB re
1 pPa at 1 m. Target fish had a minimum weight of 300 g in air to ensure that the
tag accounted for no more than 2% of body mass (Winter 1983). Fish were anesthe-
tized in a seawater solution of 75 mg/L of tricaine methanosulfonate (MS-222,
Western Chemical, Inc.) and allowed to fully recover in aerated seawater for
5-15 min before release.

Fish were collected 11 days before the start of construction to maximize
collection of baseline data. The expected battery life of the Vemco V92L acoustic
transmitters was ~11.5 mo.

2.4 Sound Recording

Recordings were made during 4 days of the event at a range of distances from 10
to 370 m from the pile driving. Source levels were measured 10 m from the pile
being driven. Ambient recordings were taken when no piles were being driven.
Equipment utilized in this effort included two calibrated Cetacean Research
Technology (Seattle, WA) C55 hydrophones (mean sensitivity—165 dB re 1 V/
pPa), two calibrated High Tech, Inc. (Long Beach, MS) HTI-96-Min hydrophones
(mean sensitivity —185 dB re 1 V/pPa), and a DT9837 4-channel dynamic
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signal-acquisition module (Data Translation, Marlboro, MA). Conductivity,
temperature, and depth profiles were gathered with a YSI 6920 datasonde
(YSI Inc., Yellow Springs, OH).

Acoustic modeling in confined shallow-water environments such as the study
site is challenging, particularly in the open spaces of the interior wharf where receiv-
ers MB1, MB2, and MBS were located (Fig. 58.1). As a result, received levels for
these areas within the interior portions of the wharf were based on empirical data
recorded during the event. For open-water portions of the basins, transmission loss
was modeled using the appropriate environmental data (temperature, salinity, and
geoacoustic parameters) as defined in the shallow-water propagation-modeling tool
(Navy Standard Parabolic Equation [NSPE] Range-dependent Acoustic Model
[RAM]), and empirical measurements were utilized as a reference for the transmis-
sion loss calculated in the frequency domain. Received levels are presented as
root-mean-square (rms) and peak pressure level. The rms values were calculated
from the period of individual strikes accounting for 90% of the acoustical energy
(California Department of Transportation 2009).

2.5 Residency

Raw detection data were filtered to minimize the probability of accepting false-
positive detections (single coded detections within a 30-min window; Pincock
2008). Residency indices (RIs) were calculated for each tagged fish to represent the
proportion of days detected on a receiver or group of receivers. RIs were calculated
for individual receivers located at Poseidon (MB 1, MB2, MB5) and Trident Wharves
and for the full combination of receivers located at each wharf to examine broader
scale residency at these structures. Baseline comparison of RIs for time periods was
conducted utilizing the nonparametric Kruskal-Wallis test and IBM SPSS predic-
tive analytics software. The Wilcoxon matched-pairs signed-rank test was used for
post hoc comparisons between paired groups (before to during; during to after;
before to after). Significant differences were considered at an o level of 0.017 after
a Bonferroni correction for multiple comparisons. Before, during, and after con-
struction timelines were 1-11 November 2011 (days 1-11), 12 November to 16
December 2011 (days 12-47), and 17 December 2011 to 20 January 2012 (days
48-82), respectively. One fish (ID 3023) was caught and harvested by anglers after
75 days of release and was removed from data analysis subsequent to these dates.

3 Results

3.1 Sound Recording and Received Levels

The measured broadband source level using a representative recording of a series of
strikes collected 10 m from the pile-driving source was 182 dB re 1 pPa. This
recording was utilized as the reference data file for propagation loss as computed by
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NSPE RAM to obtain the received levels in subsequent analyses. Based on mea-
sured recordings along the outer and interior wharves, it is likely that fish present
within close proximity to Poseidon Wharf were repeatedly exposed to levels in the
range of 136—158 dB re 1 pPa rms for each strike over the duration of construction.
During pile driving in the central portion of the outer wharf, measured received
levels in the vicinity of the telemetry receiver MBS located in the middle interior
portion of the wharf was 136 dB re 1 pPa rms compared with 133 and 139 dB re
1 pPa rms for MB2 and MBI, respectively.

3.2 Residency

The number of fish of both species detected on three of the Middle Basin receivers
(MB1, MB2, and MB5S5) along the interior of Poseidon Wharf from 1 November
2011 through 20 January 2012 is shown in Fig. 58.2. The highest number of fish was
detected on receiver MB1, closest to the posttagging release site, followed by MBS,
located in the center of Poseidon Wharf. The mean number of unique fish detected
per day on the wharf decreased from 15.6 before pile driving to 11.7 and 11.3 during
and after pile driving, respectively. No signs of mortality or injury to tagged fish
were evident from the data of tagged individuals.

Median RI values for sheepshead in the Middle Basin increased on MB1 (south
end of Poseidon Wharf) from 0.3 before construction to 0.5 after construction, while
these values decreased on MBS (closest to the pile driving) from 0.4 to 0.2.
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Fig. 58.2 Number of fish detected each day on three Middle Basin receivers (MB2, MBS, and
MB1) located within Poseidon Wharf. The postsurgery release site was closest to MB1. Poseidon
Wharf represents detection of a particular fish on any of the three receivers. Gray shading indicates
days of active pile driving
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Residency of sheepshead at MB2 farthest from the tagging release site was consistent
with a median of O throughout the pile driving, and RI values for the Poseidon
Wharf combined receivers stayed relatively constant, ranging from 0.82 before
construction to 0.89 after construction. The median values for mangrove snapper
decreased on MB1 from 0.45 to 0.01 and from 0.18 to 0.09 on MB5 between the
before and after construction periods. The RI values for snapper on MB2 were
consistently low, ranging from 0.02 to 0.04, and decreased from 0.58 to 0.18 after
construction for the Poseidon Wharf combined receivers. There were significant
differences in the RI among time periods for the mangrove snapper on MB1
(H=17.99, df=2, P=0.018) and for Poseidon Wharf combined (H=9.63, df=2,
P=0.008), but no significant differences were observed for the sheepshead. Post
hoc analysis showed that only the before-to-during construction decrease in the RI
for the mangrove snapper on Poseidon Wharf combined was significant (z=-2.50,
n=10, P=0.013).

At Trident Wharf, the median RI values for sheepshead (n=12) stayed fairly
consistent across time periods, with a decrease in values at the receiver located at
the middle of the wharf from 0.95 to 0.53 before to after construction. Statistical
analysis performed for the sheepshead released in the Trident Basin showed no
significant differences among time periods at any of the receivers or for the Trident
Wharf combined. Analyses for the mangrove snapper captured in the Trident Basin
were not performed due to the small sample size.

4 Discussion

This study was designed to examine the potential changes in residency of
unrestrained reef fish in close proximity to impact pile driving. Timing of the fish
collection was important to allow sufficient before construction baseline data for
comparison with periods during and after construction. Given the success of moni-
toring tagged, unrestrained fish in the study area for a significant time period, it is
unlikely that the pile-driving fender replacement resulted in mortality or significant
injury to tagged individuals.

Receivers were deployed to maximize the detection of fish along the interior of
Poseidon Wharf and in key areas at the north and south ends. Based on measured
recordings along the interior of the wharf and 10 m from the source, it is likely that
fish present at Poseidon Wharf were repeatedly exposed to received levels in the
range of 136-158 dB re 1 pPa rms for each strike. It is likely that significant
attenuation of the pile-driving sound along the inside of the wharf due to obstruction
from pilings limited the intensity of sounds in this area and also limited any poten-
tial for injury or mortality to fish.

There were no major changes in residency observed for sheepshead along
Poseidon Wharf during the pile-driving event; however, there was a significant
decrease in snapper residency on Poseidon Wharf receivers from the before to
during construction time periods. Mangrove snapper are opportunistic predators
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and likely move between habitats and basins more readily than sheepshead.
Poseidon Wharf is also contiguous, with a well-developed subtidal rock revetment,
and fish do not have to traverse open water to move away from the wharf or even
into the adjacent Trident Basin. As a result, the decrease in snapper residency at
Poseidon Wharf during the construction is most likely a result of normal move-
ments for gray snapper in this location.

There are several potential responses of fish to anthropogenic acoustic distur-
bance, ranging from immediate reactions such as a startle or alarm response to
longer term changes in natural behavior. Behavioral response can vary based on a
number of factors, including location at the onset of disturbance, dependency on the
study area for key life history traits, and habituation to the source over the short
term. Mangrove snapper may be more susceptible to displacement because these
fish typically school on the fringes of the outer wharf and were therefore potentially
exposed to higher levels of sound.

As described above, examination of the potential behavioral impacts to fish
species must account for the baseline behavior of fish and characteristics of the
study area that may affect individual behavioral response. Additionally, examina-
tion of the impacts of high-intensity sound to fish other than reef fish should include
potential alteration of migration patterns, site fidelity, distribution, and associated
consequences to survivorship.
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