ABSTRACT

FRIEDL, SARAH ELIZABETH. Telemetry-based Mortality Estimates of Juvenile Spot in
two North Carolina Estuarine Creeks. (Under the direction of Jeffrey A. Buckel and Joseph
E. Hightower.)

Spot (Leiostomus xanthurus), an estuarine dependent species, are ecologically and
economically important in North Carolina. No formal stock assessment has been conducted
for spot due to a lack of biological and fisheries data and it has recently been recognized that
additional information on mortality is a key factor in developing such an assessment. We
estimated natural mortality rates (M) of age-1 spot (Leiostomus xanthurus) using a sonic
telemetry approach. A total of 123 age-1 spot were surgically implanted with sonic
transmitters in two North Carolina estuarine creeks in the spring of 2009 and 2010 and were
tracked up to ~80 days using a stationary acoustic receiver array and manual tracking. The
fates of telemetered age-1 spot were inferred using telemetry information from estimated
locations and swimming speeds. Potential competitors of age-1 spot were collected using an
otter trawl, while potential spot predators were collected using gill and trammel nets. The
stomach contents of potential predators were collected when possible and analyzed. No
natural mortalities were observed in 2009 but ten were assumed in 2010, based on 31
telemetered spot at risk for an average of 23 days in 2009 and 60 at risk for an average of 24
days in 2010. Catches of potential competitors or predators did not differ between the two
years suggesting these factors were not responsible for the difference in M. Moreover,
longnose gar, which dominated the predator catch, was found to feed almost exclusively on
Atlantic menhaden (Brevoortia tyrannus) in both years. Our estimated 30-d M of 0.11 for
the two years combined was higher than that predicted from Lorenzen’s (1996) weight-based

model. Our field-based estimate of M for age-1 spot in this estuarine system can assist in the



assessment and management of spot. In addition, the telemetry techniques used here provide

guidelines for future telemetry work with juvenile fish in open dynamic habitat systems.
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INTRODUCTION

Natural mortality rate (M) is an important parameter in many stock assessment
models and incorrect values can have significant effects on harvest recommendations (Clark
1999). M is often estimated using life history parameters such as weight (Lorenzen 1996) or
maximum age (Hoenig 1983), typically as a fixed annual rate for adults, with mortality data
for juvenile stages being fairly deficient (Heupel and Simpfendorfer 2002). It has been
argued that these methods of determining M do not account for variability among ages or
between years (Vetter 1988; Quinn and Deriso 1999; Hightower et al. 2001; Young and Isely
2004). As important as M is to stock assessments, it is difficult to estimate because natural
deaths are generally not observable and are confounded by the effects of harvest (Quinn and
Deriso 1999).

Spot (Leiostomus xanthurus), an estuarine dependent Sciaenid fish, are found along
the Atlantic coast from the Gulf of Maine to the Bay of Campeche, Mexico, mostly occurring
from the Chesapeake Bay to South Carolina (Phillips et al. 1989; ASMFC 2010). Adult spot
spawn offshore in the Atlantic during late fall/early winter and their larvae move across the
continental shelf into estuarine nursery habitats with peak abundance in December and
January (Weinstein and Walters 1981; Flores-Coto and Warlen 1993; ASMFC 2010).
Juvenile Sciaenids represent some of the most numerous fishes in estuarine environments,
and spot represents one of the most ecologically and economically important species in North
Carolina (Currin et al. 1984; Phillips et al. 1989; Flores-Coto and Warlen 1993).

Spot serve an ecologically important role by influencing benthic production and

providing an important source of prey for pelagic predators (Phillips et al. 1989).



Economically, spot is consistently the number one recreational fishery in North Carolina by
numbers of fish, and one of the top ten recreational fisheries by weight
(www.ncfisheries.net). Though the fishery continues to be of value, the number of spot
landed in the recreational fishery has recently declined; numbers caught in 2009 are 1/3 of
those in 2007 and 1/2 of those in 2008. The commercial fishery is also significant, but
landings have declined since 2001, except for a slight increase reported for 2009
(www.ncfisheries.net). Due to these trends, the most recent North Carolina stock status
report lists spot as a species of concern.

Spot are managed through an interjurisdictional fishery management plan first
adopted by the Atlantic States Marine Fisheries Commission (ASMFC) in 1987. No formal
stock assessment has been conducted for spot due to a lack of biological and fisheries data.
Spot are currently managed by individual states, and the ASMFC (2010) recently highlighted
future research needs such as merging data from individual states, evaluating mortality by
age, evaluation of size and age at maturity, and identifying stocks and coastal movements
through tagging or genetic studies.

Various methods of marking or tagging animals have been employed in aquatic
studies to estimate mortality. Non-telemetry tags include dyes and pigments, as well as
conventional tags (e.g., bar or internal anchor tags). Telemetry studies have generally
utilized passive integrated transponder (PIT) tags and radio transmitters (Winter 1996; Lucas
and Baras 2000), though these methods can be hindering due to limited signal range and
attenuation in saltwater (Winter 1996; Thorsteinsson 2002). Sonic transmitters work well in

saltwater and have been increasingly applied in both fresh and saltwater environments (e.g.,



Hightower et al. 2001; Heupel et al. 2006; Bacheler et al. 2009). Data from transmitters have
the advantage of not being reliant on reporting by fishers and can provide detailed spatial and
temporal information about mortality (Hightower et al. 2001; Simpfendorfer et al. 2002)

A general rule regarding internal telemetry tags is that the tag weight should be no
more than 2.0% of the weight of the fish in air or 1.25% of the weight of the fish in water
(Winter 1996). This rule has been challenged because studies have shown that transmitters
representing as high as 10 — 12% fish body weight can be surgically implanted without
adverse effects on behavior, swimming performance and growth (Adams et al. 1998;
Martinelli et al. 1998; Brown et al. 1999; Thorsteinsson 2002; Jepsen et al. 2005). Age-1
spot range in length from ~150 — 250 mm total length (TL) (Pacheco 1962) and ~45 - 175 g
(Dawson 1965). If the 2.0% rule was strictly followed for this study, appropriate age-1 spot
would be limited to a minimum of 220 mm TL (assuming a 2.9 g sonic tag) which would
severely constrain the length range of the study fish as well as provide an unreliable estimate
of M for age-1 spot. We therefore hypothesized that transmitters weighing between 3 — 7%
fish weight would not adversely affect age-1 spot, allowing us to study the majority of the
size range of age-1 spot.

The primary goal of this project was to determine the magnitude and sources of
natural mortality of age-1 spot in estuarine habitats using state-of-the-art fish tracking
technologies and mark-resight models. We also assessed possible covariates of age-1 spot
natural mortality such as competitor and predator composition and abundance, and tested

several assumptions surrounding aquatic telemetry work with small fish including



elimination of transmitters consumed by predators, stationary receiver error and tag retention,

and survival of small fish implanted with relatively large tags.

METHODS

Study site

The telemetry study occurred in Clubfoot and Hancock creeks, two southern
tributaries of the Neuse River in eastern North Carolina (Fig. 1). Each creek is
approximately 7 km long, 300 — 500 m wide and on average 1 — 3 m in depth. These
tributaries were chosen because they are known nursery areas for spot (NCDMF 2008
unpublished data), and can be passively monitored with a fixed receiver array. Clubfoot and
Hancock creeks are minimally influenced by tides, and changes in depth are mainly wind-
driven. Both commercial and recreational fishing are permitted in Clubfoot Creek, though

Hancock Creek is limited to recreational fishing only.

Transmitter implantation

Transmitters were implanted in a total of 123 age-1 spot which were captured and
released in Clubfoot and Hancock creeks. Spot were captured in April and May 2009 using
an otter trawl (5.0 m headrope, 20 mm mesh, 3.2 mm tail bag) and a multipanel experimental
gill net (6 panels: 25.4, 50.8, 76.2, 101.6, 127.0 and 152.4 mm stretch, 7.0 m long and 2.5 m
deep each), and using a multipanel gill net (3 panels: 50.8, 63.5 and 76.2 mm stretch, 15.2 m

long and 2.5 m deep each) alone in April 2010.



After capture, fish were placed ina 117 L tank on-board the ~7 m research vessel.
For the surgery, an individual fish was anesthetized in a 19 L tank with 100 ppm tricaine
methanosulfate (MS-222). When the spot could no longer maintain equilibrium it was
weighed (g) and measured for both fork and total length (mm) and placed ventral side up in a
foam cushioned surgical platform fitted onto a 38 L cooler containing a re-circulating water
pump. To maintain the anesthetized condition, water containing 50 ppm MS-222 was
pumped continuously over the gills until the surgical procedure was complete. An incision
approximately 10 mm in length was made into the peritoneal cavity and a VEMCO V9-6L
ultrasonic transmitter (VEMCO Ltd., Nova Scotia, Canada; 9x21 mm, 2.9 g in air, 69 khz
frequency, 60-90 s ping rate, 80 and 105 d active life) was inserted. The incision was closed
with 3 to 5 simple interrupted sutures using 4.0 PDO absorbable suture material. This suture
pattern was found to be superior to simple continuous sutures (see Testing assumptions
below). The spot was then returned to a 19 L recovery tank until normal swimming behavior
was observed (~2 — 5 minutes) and released. Each transmitter was verified to be functioning

properly before the implanted fish was released into the creek in which it was captured.

Telemetry relocations

Telemetered spot were manually relocated at least every seven days to determine their
location using a VEMCO VR100 manual receiver and omnidirectional hydrophone; searches
for telemetered fish were more frequent immediately following implantation. Manual
searches continued for 80 days after the final implantation in 2009 and 105 days in 2010; the

length of time differed due to differing tag battery lives between years (2009 tag life = 80 d;



2010 tag life = 105 d). Listening with a manual receiver and hydrophone occurred at 33
fixed stations in each study creek which were no more than 500 m apart; water temperature,
salinity, and dissolved oxygen (DO) were recorded at each station. If a telemetered spot was
detected with the manual receiver at a fixed station, we continued to search for it until it was
detected with a signal strength that indicated we were as close as possible to the telemetered
fish. Latitude and longitude coordinates were recorded each time a telemetered fish was
detected.

In order to detect spot emigration and movement, an array of submersible receivers
was stationed throughout each study tributary (2009: Clubfoot n=11, Hancock n=12; 2010:
Clubfoot n=13, Hancock n=15). Within our study creeks VEMCO stationary receivers (VR2
and VR2W, which will be referred to as VR2/W hereafter) detected VV9-6L tags at 300 m
nearly 100% of the time, and therefore were stationed in fixed positions 600 m apart from
one another and within 300 m of shore (Fig. 1). In this way, we ensured that 100% of
emigrating fish were observed.

Four possible fates were assigned based on the behavior of telemetered spot after
release, following a logic flowchart (Fig. 2): surgery related mortality (SxM), emigration
(EM), battery life end (BL) or natural mortality (NM). We limited our analysis to fish
confirmed to be present and alive at least seven days after transmitter implantation to reduce
the risk of misinterpreting surgery related mortalities. Therefore, if a telemetered spot
permanently stopped moving within seven days of implantation it was considered to be a
SxM and was consequently censored from analysis. If a fish was alive and present for at

least seven days following implantation but was detected leaving the study site, it was



considered an EM and was censored from any further analysis beginning the day following
the emigration event. If a fish was alive and present for the entire possible battery life of the
transmitter and was no longer detected after that time, it was considered at risk for all
analyses to the point when the transmitter no longer functioned (BL); at that point, it was
censored from the analysis.

A telemetered spot was assigned the fate of NM from three sets of criteria. The first
was if the fish permanently stopped moving after at least seven days following implantation.
This could occur due to a variety of factors, but the most likely explanation is predation
(Lorenzen 1996). A stationary transmitter within the study area would suggest that a
predator had consumed and subsequently eliminated the transmitter while still in the study
creek. It was assumed that the mortality event occurred the day prior to becoming stationary.
The second was if estimated latitudinal changes and/or swimming speeds were observed that
were not within the “normal” ranges of age-1 spot, and was based on the assumption that we
were able to differentiate moving age-1 spot from moving predators. The third was if the
transmitter was not observed emigrating from the creek, but after at least seven days
following implantation was no longer detected (having been relocated at least once manually
or by the VR2/W array prior to the disappearance). We assumed this third circumstance to
be a result of bird predation or a natural mortality where the transmitter cannot be detected
(e.g., because the fish washed up onto the shore or sank into mud). Another possibility is
that the fish was harvested (fishing mortality [F]).

To assign fates a series of analyses were performed. First, we summarized daily

detections of all receivers for each fish in order to identify broad daily patterns of movement



or a lack thereof. This summary allowed us to quickly identify dates of emigration events
and censor fish that were not present for at least the first seven days after tagging.

The second step was to estimate average hourly latitudinal positions for each fish
considered at risk, which were estimated solely from VR2/W detections using the method
described in Simpfendorfer et al. (2002). This method uses detection data from multiple
stationary receivers and generates estimates of fish position from the weighted mean receiver
latitudes and longitudes where weights are the number of detections for a unique fish at each
receiver during a 60-minute time period. This step provided a finer scale of movement of
telemetered age-1 spot. Maximum variance in latitude for 24-hour periods was calculated for
each telemetered fish and compared with all other telemetered fish to determine if outliers
existed, which would warrant further examination as potential predation events. These were
examined within each year since changes in VR2/W locations between years can influence
our estimates of latitudinal location. Latitudinal position was adequate (i.e., we did not need
longitude) for our study because the two study creeks are oriented north to south.

The third step was to estimate average hourly swimming speeds for each fish
considered at risk, using the same method as above, and these were compared with average
hourly latitudinal positions. Maximum swimming speeds were calculated for each
telemetered fish as distance travelled in meters between two hourly weighted mean locations
divided by 3600 seconds and compared with previously estimated cruising and burst
swimming speeds for age-1 spot (Wyllie et al. 1976; Neumann et al. 1981; Moser 1987).
Fish exhibiting an estimated swimming speed of =0.7 m/s were automatically considered to

be predation events as this speed cannot be maintained for an hour by this size fish. These



telemetered fish were categorized as NM due to predation the day the abnormally high
swimming speed occurred. Additionally, we compared average observed emigration
swimming speeds of assumed telemetered age-1 spot to swimming speeds of known
predators such as red drum (Sciaenops ocellatus) and bottlenose dolphin (Tursiops
truncatus).

For ~ 25 days in late April/early May 2010, three receivers in Clubfoot Creek did not
function correctly for unknown reasons. Because these receivers did not record transmitter
detections for that time, the position and swimming speeds estimated during this time period

may not be as precise as with the full array.

Estimating mortality

Survival of spot was estimated using multiple relocations of internally tagged age-1
spot using manual and stationary receivers. The staggered entry Kaplan-Meier approach
(Pollock et al. 1989) was used to estimate daily survival from detections of telemetered age-1
spot. This design took into account that new fish could be considered at risk and entered into
the analysis on a daily basis. Survival over the study period (S) was estimated for 20009,
2010, and the two years combined, and converted to monthly Ms [(-In(S)/days at risk)*30].
Because of the small sample sizes and similar number of natural mortalities observed within
each creek, estimates were based on pooled results from both creeks. Within each year, the
study period was limited to periods when at least seven fish were at risk.

Our observed estimate of natural mortality for spot from the combined year analysis

was compared to predicted estimates of M from a published weight-based model. Lorenzen



(1996) described natural mortality as a power function of weight using the equation

M.=M,W®, where M, is the natural mortality rate at weight W, M, is natural mortality at unit

weight, and b is the allometric scaling factor. In addition to this comparison, our observed

estimates of natural mortality and mean spot weight in our study were used to calculate a new

M, parameter value, where M,, is the observed M from this study and W is the average weight

(g) of telemetered spot from both years.

Assumptions of the mark-resight data:

(1) All marked fish present in the study area at time i (whether alive or dead) have the same
probability (p;) of being relocated.
The tributaries were small enough to be searched thoroughly so that live and dead fish
should have been found with equally high probability. On occasions when a fish was not
detected during a manual relocation search, the fish was accounted for and the detection
probability was treated as if it were equal to one if it was not detected emigrating the
creek by the VR2/W array at the creek mouth, and was detected during the immediately
prior and following manual searches or by the VR2/W array within the creek.

(2) All marked fish alive in the study area at time i have the same survival rate to the next
timei +1.
Because we tagged fish over a relatively narrow size range, we assumed all telemetered
fish had similar survival rates.

(3) The probability of transmitter failure or of a transmitter being shed is negligible.
Hightower et al. (2001), Heupel and Simpfendorfer (2002) and Bacheler (2008) all used

VEMCO transmitters and none found evidence of transmitter failure. Of 123 transmitters

10



we had two apparent failures, and we were able to assume failure because the transmitters
were not detected either manually or by the VR2/W array immediate after release.

(4) Marked and unmarked fish have the same survival rates.
There were no surgery related deaths in age-1 spot implanted with similar transmitters in
laboratory holding studies (see Results below, for ~65 g spot with sonic tag of 2.9 g in
air); additionally, acute deaths (deaths within seven days of surgery) were censored as
potential surgery mortalities.

(5) Movement patterns can be used to determine whether a tagged fish remains alive or has
died due to natural mortality.
Jepsen et al. (1998), Hightower et al. (2001), Heupel and Simpfendorfer (2002), Waters
et al. (2005) and Bacheler et al. (2009) used movement patterns from telemetered fish to
infer the fate of individual fish.

(6) Natural mortality occurs immediately prior to the previous relocation.
By maintaining high relocation rates and having a stationary VR2/W array continuously
monitoring the study creeks, the timing of natural mortalities was assumed to occur on
the day prior to when the transmitter stopped moving.

(7) Emigrating fish can be detected and censored from the analysis.
Emigrating fish were detected leaving the creeks by the VR2/W array and censored from
the analysis.

(8) Telemetered spot can be distinguished from predators based on calculated swimming

speeds and movement patterns.
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Swimming speed ranges and geospatial position patterns were estimated for telemetered
age-1 spot. Outliers were examined and swimming speeds were compared to known
predator swimming speeds to assign NM fates. Similarly, Heupel and Simpfendorfer
(2002) and Bacheler (2008) inferred predation based on uncharacteristic behavior and

estimated swimming speeds.

Competitor sampling

Spot and potential competitor catch data were collected in each study tributary using
an otter trawl (5.0 m headrope, 20.0 mm mesh, 3.2 mm tail bag) that was towed for 4.5
minutes at a speed of approximately 4.5 k/h. Samples were sorted by species and individuals
measured (fork length (FL), total length (TL), standard length (SL), carapace width (CW),
disc width (DW)); species with more than 30 individuals of the same size range were
subsampled. Species were considered to be potential spot competitors based on abundance,
size and benthic habits. Age classes (i.e., age-0 and age-1) of spot and other potential
competitors were distinguished with frequency distributions (Appendix Fig. 1) and separated
for catch rate comparisons between years. Catch was averaged over the ten hauls for each
sampling day and log transformed. Competitor abundance was compared between years
using a two-tailed t-test using all sample days from each year. Water temperature, salinity,
and DO were measured at the beginning and end points of each trawl and latitude and
longitude coordinates were recorded.

Sampling was conducted on study days 4/9, 30 and 62 in 2009 (26 April/1 May, 22

May and 23 June), and study days 11, 35, 57 and 82 in 2010 (11 April, 5 May, 27 May and
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21 June; except for days 4 and 9 in 2009, both creeks were sampled on the same day: day 4
represents sample 1 in Hancock Creek and day 9 represents sample 1 in Clubfoot Creek).
We used systematic random sampling techniques as described in Williams et al. (2002).
Each study creek was divided lengthwise by a midline transect with perpendicular widthwise
transects dividing each creek into five strata of equal length. On a given sampling day, the
initial start distance along the midline transect was randomly selected from a pool of three
potential distances, and that distance was then used as the start point in each of the following
strata. Whether the sample occurred east of, west of, or directly on the midline transect was
randomly selected for each individual stratum. This procedure was applied to each study

creek for each competitor sampling event.

Predator sampling

Potential predators of age-1 spot were sampled in each study creek using trammel
(200 m long, 63.5 mm stretch and 60 meshes deep, and 330 mm stretch and 8 meshes deep)
and gill nets (200 m long, 101.5 mm stretch and 20 meshes deep). Predator sampling was
conducted on study days 3/6, 12/14, 21/22, 35 and 48/49 in 2009 (25/28 April, 4/6 May,
13/14 May, 27 May, and 9/10 June), and study days 13, 30, 44, 62, and 76 in 2010 (13 April,
30 April, 14 May, 1 June and 15 June). Systematic random sampling (see Competitor
sampling above) was used to determine specific sample sites throughout the study creeks,
and relative abundances of individual predator species and total predators were calculated.
The statistical analysis of gill net catch was limited to sample days when telemetered fish

were at risk for each year; therefore, a two-tailed t-test was used to compare predator CPUE
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from all five sample days in 2009 to the first four sample days in 2010. Catches of predators
from trammel nets were not included in this comparison because trammel netting was not
random with respect to strata.

Predators were measured (FL and/or TL) and when possible, stomach contents were
retrieved using gastric lavage techniques (Hartleb and Moring 1995) which allowed predators
to be released alive. Stomach contents from predators caught in both types of gear were used
for diet analysis; contents were stored on ice and frozen prior to analysis. Prey were
identified based on external morphological features and, when recovered in advanced stages
of digestion, diagnostic bones (e.g., otoliths, dentary, operculum). All collected stomach
contents were analyzed, though only piscivores 2375 mm were considered potential spot
predators as this size predator is theoretically large enough to consume age-1 spot ~140 —
220 mm FL based on a ~40% prey-to-predator length ratio (Scharf et al. 2000). Water
temperature, salinity, DO and spatial coordinates were recorded at each sampling site.

Prey items were measured for TL or CW when direct measurements could be made.
Fish and invertebrate prey items were identified using external morphology and published
references (Williams 1984; Hoese and Moore 1998; FAO 2002). Excess moisture was
removed from prey items by blotting with a paper towel and wet weight (g) was measured.
Each predator species diet was characterized by percent weight (%W; wi/w where w; = wet
weight of prey type i, w = total weight of all prey types) and percent frequency of occurrence
(%0; ni/n where n; = number of stomachs in which a prey occurred, n = number of stomachs

in which food was present; Hyslop 1980) by year.
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Testing assumptions
Age-1 spot surgical implantation

A laboratory study was performed to test the hypothesis that spot of ~160 mm FL can
survive being implanted with a telemetry tag and retain the tag for a relatively long period.

In November 2008, sixteen age-1 spot were collected from Bogue Sound, NC using a 60 m
beach seine. Eight spot (FL: mean = 156.88 + 2.84 mm SE; weight: mean = 61.31 + 3.49 g
SE) were randomly selected and implanted with VEMCO V9-6L dummy transmitters (equal
size and weight to active V9-6L transmitters) while the remaining eight served as the control
group (FL: mean = 163.75 = 4.75 mm SE; weight: mean = 68.98 £ 5.88 g SE). Age-1 spot
implanted in the lab underwent the same surgical procedure as spot implanted in the field
(see Transmitter implantation above).

Spot were randomly assigned to two experimental tanks and two control tanks for a
total of four fish per tank. Though fish were randomly selected, the size of spot implanted
with tags was significantly less than the control fish (FL: t=5.17, df=2, p=0.04; weight:
t=6.91, df=2, p=0.02). However, this provided a more robust test of small fish survival after
tag implantation. Spot incisions were closed using a simple continuous suture pattern.
Although most published aquatic telemetry papers describe the use of simple interrupted
sutures when implanting tags (e.g. Summerfelt and Smith 1990; Wagner et al. 2000; Bacheler
2008), we used a simple continuous suture because of the speed with which it could be done
as well as to minimize drag and trauma (Summerfelt and Smith 1990; Mulcahy 2003; Harms

2005). The ratio of tag to fish weight ranged from 3.1 — 7.4%.
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Spot were housed at the University of North Carolina Institute of Marine Sciences’
Fisheries Research Laboratory, Morehead City, North Carolina. The four tanks each had a
volume of 700 L and were flow-through with seawater from Bogue Sound, allowing for
ambient temperature, salinity and DO. Because the guaranteed active VV9-6L transmitter life
we used in the field in 2009 was 80 days, fish were held for this same period to account for
any possible adverse effects from the surgical procedure as well as from the transmitter itself.
Fish were fed a ration of 2.0% total body weight twice per day, for a total daily ration of
4.0% total body weight; this ration is above their maximum daily ration at these sizes and
temperatures (Baldevarona 1987). Tanks were checked during the two daily feedings for
mortality and transmitter loss, and temperature, salinity and DO measurements were recorded
at each feeding. Fish length and weight measurements were taken on day 0, 23, 44, 64 and
81. The sizes of control and tagged fish were examined over time using repeated measures
ANOVA.

Although growth and survival of tagged fish did not differ from control fish, there
was less than 100% tag retention using the simple continuous suture pattern (see Results
below). Therefore, a second laboratory experiment was performed using simple interrupted
sutures. Since growth and survival were not compromised by the tag, we did not have a
control treatment for this second lab experiment. In February 2009, we surgically implanted
V9-6L dummy transmitters into eight age-1 spot which were randomly assigned to two tanks
for a total of four fish per tank (Tank 1: FL: mean = 171.25 + 5.23 mm SE; weight: mean =
79.79 £ 6.71 g SE; Tank 2: FL: mean = 163.00 + 6.92 mm SE; weight: mean = 63.23 + 10.81

g SE). All surgical procedures were identical to the previous experiment, except that
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incisions were closed with 3 to 5 sutures using a simple interrupted pattern. Study length,
observation and feeding methods were identical to the previous experiment except that fish
length and weight measurements were taken on day 0, 21, 37, 58 and 80. Tag retention was

compared between experiment 1 and 2.

Piscivore consumed transmitters

One of the assumptions of the field telemetry approach is that predators will eliminate
the tags within the study area in a relatively short period of time. To test this hypothesis, we
fed 11 age-1 spot (FL: mean = 174.91 + 3.00 mm SE) implanted with V9-6L dummy
transmitters to 11 striped bass (FL: mean = 654.45 + 8.92 mm SE; weight: mean = 3.92 +
0.20 kg SE) at the North Carolina State University Pamlico Aquaculture Field Laboratory in
Aurora, NC in June 2009. After all spot were visibly confirmed to have been eaten, striped
bass were moved to individual holding tanks which were checked daily for transmitter
elimination (regurgitation or defecation). The time to elimination was determined for each

striped bass.

Accuracy of stationary receivers

Two test tags were deployed in Hancock Creek in May 2010 to estimate transmitter
location and swimming speed calculation error, which were based on VR2/W detections.
The first (ID: 53197) was stationed at a fixed location for 26 days to determine if a stationary
transmitter would be detected as having movement by the VR2/W receiver array, which

could be erroneously created by noise or weather events (causing the transmitter to go in or
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out of range of individual VR2/Ws). The second (ID: 53174) was placed in four different
sites throughout Hancock Creek for 2 minutes each to test the accuracy of VR2/W detection
times. Latitude, longitude, start and stop time were recorded at each site and compared with
stationary receiver detections. Estimated locations and speeds were determined using the
same method as for telemetered spot (see Telemetry relocations above). The true location
and timing of test tag deployments were not revealed to the personnel that conducted the
manual tracking and estimated the locations/times from VR2/W data until after estimates for

these variables were made.

RESULTS

Testing assumptions
Dummy transmitter implantation

In the first experiment we observed no age-1 spot mortalities due to transmitter
implantation during the 80-day study period when incisions were closed with a simple
continuous suture, nor were there any mortalities in control fish. However, a 75% tag
retention rate was observed with this suture treatment, as one fish from each replicate
expelled a tag through the incision site (at 22 d and 61 d; Fig. 3). These two fish were
excluded from growth analyses. Growth was not significantly different between control and
experimental groups as determined by a non-significant interaction term in the repeated
measures ANOVA (FL*day: f=3.29, df=4, p=0.07; weight*day: f=2.90, df=4, p=0.09; Fig.
4A). In the simple interrupted suture experiment, both survival and tag retention were 100%

and positive growth was observed for the 80-day study period (Fig. 3; Fig. 4B). Thus, the
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V9-6L sonic tag does not have an adverse effect on growth or mortality in age-1 spot but

requires a simple interrupted suture for 100% tag retention.

Predator elimination of consumed transmitters

A total of seven striped bass (FL: mean = 659.14 + 12.60 mm SE; weight: mean =
4.05 £ 0.26 kg SE) consumed 11 age-1 spot implanted with dummy transmitters. Ten tags
were eliminated from the piscivores and recovered from the bottom of the tanks. The
eleventh tag was never eliminated and was recovered from the stomach upon necropsy on
day 32. Excluding the tag that was not eliminated the average number of days it took a
predator to eliminate the transmitter after ingestion was 11; however, tag elimination was

observed as early as 6 days and as late as 20 days (Fig. 5).

Accuracy of stationary receivers

The fixed location test transmitter (ID: 56197) was manually relocated on three
occasions and detected on all three receivers of which it was in range (receivers 6192, 4844
and 5924; Fig. 6 and 7). There were 466 VR2/W detections and estimates of location by
latitude (Fig. 6) and latitude and longitude (Fig. 7) varied slightly through time due to
variation in which receivers detected the transmitter each hour. This resulted in estimates of
swimming speed slightly above the true value of zero (Fig. 8). The timing accuracy test
transmitter (ID: 53174) that was deployed at four separate sites was detected at 3 of the 4
sites, indicating that there were VR2/W “dead zones” within the study creeks. Of the three

sites where transmitter 53174 was detected, the hourly average latitudes, longitudes and
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times estimated from the VR2/W array matched those recorded in the field (Table 1),

indicating that our method for estimating average hourly locations and speeds was accurate.

Telemetry

Ultrasonic transmitters were surgically implanted in 48 age-1 spot (FL: mean = 163 =
1.45 mm SE; weight: mean =71 £ 2.27 g SE) in 2009 and 75 age-1 spot (FL: mean = 167 £
2.09 mm SE; weight: mean = 79 + 3.22 g SE) in 2010 (see Appendix Table 1 for individual
fish data). The condition (weight adjusted for differences in length) of telemetered fish at
tagging was not different between the two years (Fig. 9; ANCOVA: f=1.01, df=1, 120,
p=0.32). In both years all telemetered spot were relocated by VR2/W receivers. There were
a total of 754,842 detections from telemetered spot on 23 VR2/W receivers in 2009, and
1,223,730 detections on 28 VR2/W receivers in 2010. Of the 48 spot implanted in 2009, 26
were manually relocated within the study creeks, while 73 of 75 were manually relocated in
2010.

In 2009, 17 fish were censored from the study due to either an assumed surgery
related mortality (n=3) or an emigration event <7 days after implantation (n=14). Of the 31
fish used in the analysis, two were alive and present until the battery life of the transmitter
ended, and 29 emigrated from the study system, including one emigration through the head
of Clubfoot Creek. There were no assumed natural mortalities in 2009 (Table 2; Fig. 10A).
In 2010, 15 fish were censored from the study due to either an assumed surgery related
mortality (n=7) or an emigration event <7 days after implantation (n=8). Of the 60 fish used

in the analysis, there were 10 natural mortality events and 50 emigration events, including

20



two emigrations through the head of Clubfoot Creek (Table 2; Fig 10B). Telemetered spot
used in the analysis were at risk in the study creeks an average of 23.58 days in 2009 (range 7
— 82 days) and 24.08 days in 2010 (range 7 — 67 days).

Five fish in 2009 and eight fish in 2010 temporarily emigrated (=24 hours) from the
study creek in which they were tagged but returned for at least 36 hours, allowing us to
observe behavior and swimming speeds for a long enough time period to assume they were
still age-1 spot and had not been consumed by a predator while out of detection range. These
fish were considered at risk for the time period they returned and were censored again upon
emigration. In 2010, three fish emigrated from Hancock Creek into Clubfoot Creek for at
least 36 hours, allowing the same observations and assumptions as outlined above for
temporary emigrants.

For 79 at-risk fish that were monitored within the two study creeks, we were able to
assume they were telemetered age-1 spot and not a predator because their swimming speeds
and behavior patterns were either consistent throughout the time at risk or were within the
range of swimming speeds and latitudinal changes considered “normal” for age-1 spot (Fig.
11A; Appendix Fig. 2, 3, 4 and 5). For 7 of the 10 surgery related mortalities (Table 3), we
were able to assume this fate because the transmitter stopped moving within seven days of
implantation and was either relocated in the same location by stationary and/or manual
receivers, or the transmitter detections trailed off (suggesting that the transmitter sank into
the mud until it could no longer be detected; Fig. 11B; Appendix Fig. 2, 3, 4 and 5).

Of the ten assumed natural mortalities (Table 3; Fig. 12), seven were based on a

combination of changes in behavior followed by a lack of movement at least seven days after
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implantation (IDs: 27729, 27732, 27740, 27742, 27750, 27774 and 27786; Fig. 11C; Fig.
12A, C, E, F, G, H, I), two were observed emigrating from the creek and the fate assumptions
were based solely on extreme changes in latitudinal locations and swimming speeds (IDs:
27741 and 27794; Fig. 11D; Fig. 12B, J), and one was no longer detected in the creek after
being present, active, and relocated multiple times following transmitter implantation (1D:
27748; Fig. 12D). Assumed natural mortalities were distributed evenly across the size range
of telemetered spot in 2010, whereas the majority of assumed surgery related mortalities
occurred with telemetered spot <160mm FL (Fig. 13).

Maximum latitudinal variance estimates (in squared decimal degrees) ranged from
9.23x10°-1.14 x 10" in 2009 and 3.81 x 107 — 4.54 x 10 in 2010 (Fig. 14). There were
no outliers in 2009 but there were two outliers in 2010 (>0.0004 decimal degrees; IDs: 27737
and 27744). Despite the high variability in latitude, these were assumed to be telemetered
age-1 spot based on a lack of abnormality of other fate-determining factors (e.g. extreme
swimming speed).

Maximum swimming speed estimates ranged from 0.0 — 0.50 m/s in 2009, and 0.05 —
1.14 m/s in 2010 (Fig. 15). There were no outliers in maximum swimming speed in 2009 nor
were there any fish with maximum swimming speeds >0.50 m/s. However, in 2010, there
were five outliers (>0.60 m/s): three of which had maximum swimming speeds >0.70 m/s
(IDs: 27741, 27750 and 27794) and were assumed to be NMs due to predation, and the other
two (IDs: 27727 and 27759) were assumed to be telemetered age-1 spot based on a lack of

abnormality of other fate-determining factors (e.g., extreme latitudinal variation).
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Emigration swimming speed averages were estimated for telemetered age-1 spot for
the final 48 hours of detections as well as for the final hour alone, and ranged from 0.005 —
0.23 m/s and 0.001 — 0.23 m/s respectively (Fig. 16). The estimates for age-1 spot
overlapped averages for red drum (range: 0.01 — 0.74 m/s) but the distributions were
significantly different (median test: y>=121.13, df=1, p<0.0001). Age-1 spot estimates were
also found to be significantly different (median test: x*=31.73, df=1, p<0.0001) from
estimated average speeds of bottlenose dolphin (range: 1.1 — 2.2 m/s), and there was no

overlap observed between these two groups.

Mortality

No NM events were detected in 2009. In 2010, ten assumed NM events occurred
when the fish had been at risk from 9 — 59 days (Table 4). Five of the NM events occurred in
Hancock Creek and five in Clubfoot Creek. All analyses were limited to time periods when
there were at least seven fish at risk. For 2009, this limited the estimate from the Kaplan-
Meier analysis to 23 April — 9 June, days 1 — 48 of the study. For 2010, the analysis was
limited to 6 April — 23 May, days 6 — 53 of the study. For the combined years, the analysis
was limited to study days 1 — 57, which represents 23 April — 18 June 2009 and 1 April — 27
May 2010. Our estimates of M for 30 days were 0.0 for 2009 (0 NM over 48 days; Fig.
17A), 0.17 for 2010 (10 NM over 48 days; Fig. 17B), and 0.11 for 2009 and 2010 combined
(10 NM over 57 days; Fig. 18). Additionally, estimates of M were obtained using 9 NM

(2010 M=0.14; combined 2009 — 2010 M=0.08), which assumed that the fish that
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disappeared from the study site (ID: 27748; Fig. 12D) was a fishing mortality and not a
natural mortality.

The combined year estimate of monthly M (with 10 NMs) was higher than values of
M predicted from Lorenzen’s (1996) “natural system” model while the combined year
monthly M for 9 NMs was similar to Lorenzen’s predictions (Fig. 19). An M, (mortality at
unit weight, year) of 4.62 year™ would be required in order for Lorenzen’s curve to predict

a monthly M of 0.11 for a weight of 76 g, the average for age-1 spot in this study (Fig. 19).

Competitors

From the catches of 30 trawls in 2009 and 40 trawls in 2010, three species (in
addition to spot) were considered potential competitors of age-1 spot. These were Atlantic
croaker (Micropogonias undulatus), pinfish (Lagodon rhomboides) and Paralichthys spp.
Neither age-0 spot nor age-0 non-spot competitor catch was significantly different between
2009 and 2010 (Fig. 20; age-0 spot: t=0.27, df=5, p=0.79; age-0 competitors: t=0.68, df=5,
p=0.53). There was also no significant difference for either age-1 spot or age-1 non-spot
competitor catch between 2009 and 2010 (Fig. 21; age-1 spot: t=0.79, df=5, p=0.46; age-1
competitors: t=0.66, df=5, p=0.54). Thus, it does not appear that differences in mortality
between years resulted from differences in inter- or intraspecific competitor abundance.

Due to a temporary equipment malfunction in 2010, DO was only able to be collected
for trawls 2, 3 and 4, though these sampling dates are comparable to those in 2009 and

measurements were still able to be evaluated. Temperature, salinity and DO were similar
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between the two years (Fig. 22), indicating that differences in mortality were not due to

differences in abiotic factors within the study creeks.

Predators

In 20009, a total of 55 gill nets and 12 trammel nets were deployed, collecting a total
of 184 and 48 predators respectively. In 2010 a total of 55 gill nets and 30 trammel nets were
set, catching a total of 120 and 125 predators respectively. The composition of predator
species caught in gill and trammel nets was similar in 2009 and 2010 (Table 5), with predator
catches dominated by longnose gar (Lepisosteus osseus). Gill net catch of all species
combined for sample days when telemetered fish were at risk was not significantly different
between 2009 and 2010 (t=0.32, df=7, p=0.76; Fig. 23). Therefore, it does not appear that
differences in mortality between years resulted from differences in predator abundance.

Stomach contents from a total of 188 piscivores 2375 mm in 2009 and 188 piscivores
=375 mm in 2010 were analyzed. Age-1 spot were never found in the diet of any predators.
In both years, diets of longnose gar (the most abundant predator) were dominated by
Clupeidae. Other diet items in longnose gar and other predators included Sciaenidae,
Mugilidae and Ophichthidae in 2009, and Sciaenidae, Mugilidae and Syngnathidae in 2010
(Table 6). The size of finfish prey items ranged from 17 — 185 mm TL, which included a
portion of the range of telemetered age-1 spot (150 — 243 mm TL; Fig. 24); thus, although no

age-1 spot were found, predators were able to consume fish prey of that size.
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DISCUSSION
Estimation of spot mortality

We provide the first field-based estimate of natural mortality (30-d M=0.11) for age-1
spot, a relatively small estuarine fish, using a telemetry tag approach developed in a closed
reservoir system (Hightower et al. 2001). Direct estimates of natural mortality rates in open
dynamic systems are difficult to obtain (Vetter 1988; Quinn and Deriso 1999). Estimates of
M for age-0 spot have previously been reported (Weinstein and Walters 1981; Currin et al.
1984; Weinstein et al. 1984; Ross 2003) but those estimates were based on assumed periods
of residency and are potentially confounded with emigration. Here, emigrations and fate
assignments were identified through the use of an acoustic receiver array and manual
tracking.

Hightower et al. (2001) and Bacheler et al. (2009) used this telemetry approach on
larger fish that had a relatively low risk of predation. The natural mortality rate estimates
from these two studies were lower than predicted from a model based on predation risk as a
function of size (Lorenzen 1996). Contrary to this, our estimate of M for age-1 spot was
higher than the Lorenzen-predicted estimate. Because of this, and because the Lorenzen’s
curve is based on prior estimates of M, his model may be more appropriately used as a
guideline to define the shape of the mortality-at-weight curve than the values themselves.
Interestingly, after adjustment of this curve to match our estimates of M and spot size, the
estimated M, parameter (4.62) was higher than estimates of M, observed in rivers (2.53),
lakes (3.37), and oceans (3.69) but similar to the upper 90% confidence interval value of M,

for oceans (Lorenzen 1996).
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Similar to our study, Heupel and Simpfendorfer (2002) and Bacheler et al. (2009)
also estimated mortality using acoustic receivers and by documenting emigration and
determining fates. Bacheler et al. (2009) placed fixed receivers at the mouths of creeks,
which served as gates to detect emigration events and emigration speeds of telemetered red
drum, while Simpfendorfer et al. (2002) estimated residency and movement behaviors of
juvenile blacktip sharks using an array of stationary receivers across an X- and Y- coordinate
system throughout an estuary. Our stationary receiver array was designed to allow coverage
of as much of the study creeks as possible given a limited number of receivers. Despite the
lack of complete coverage, we were able to estimate latitudinal locations and swimming
speeds of spot given the orientation of the two study creeks.

We assumed that most telemetered age-1 spot would be tracked for the battery life of
the tag. However, the average residency time (~23 days) of telemetered age-1 spot was
considerably less than anticipated, indicating that their mobility was greater than we initially
thought. Had telemetered spot remained in the study creeks for the expected time range, fish
would have been at risk for longer periods of time, resulting in increased precision as noted
in previous telemetry studies (Pollock et al. 1989). We analyzed two criteria for minimum
fish at risk to examine possible differences in the precision of our estimate. Pollock et al.
(1989) recommended a minimum of 40 — 50 animals at risk for good precision with the
staggered-entry Kaplan-Meier estimator, but because of the high cost of acoustic transmitters
and high emigration rate, this was not feasible for our study. Analyses for the 2009 and 2010
combined estimate were performed for both =7 and =10 fish at risk and a visual assessment

of 95% confidence intervals for mortality estimates did not indicate a large difference in
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precision. Therefore, we concluded that a minimum number of seven fish at risk was

appropriate.

Testing assumptions of the assignment of fates

There are several assumptions associated with the telemetry approach for estimating
mortality, some of which were more easily violated in our study given the relatively small
size of spot. Assumptions of the model were listed above (see Methods) and those regarding
surgery related mortality, tag expulsion by telemetered age-1 spot, transmitter failure,
identifying predator consumed transmitters and predator consumed tag elimination are
discussed below.

The size range of spot that we could implant was constrained by the size range of tags
available. Attempts were made to use a smaller tag (V7) but it had a very poor detection
range within our study system. The “2% rule” (Winter 1996) has been challenged as one that
does not apply to all fish species (Adams et al. 1998; Martinelli et al. 1998; Brown et al.
1999; Thorsteinsson 2002; Jepsen et al. 2005) and researchers have been encouraged to test
the effects of transmitters in the lab on the species of interest before performing field studies
(Bridger and Booth 2003). The transmitters we implanted in the field represented 1.7 — 6.3%
of the weight of fish tagged, which is within the range of 3.1 — 7.4% of the weight of spot
implanted in the lab study in which no adverse effects of either the surgery or transmitter
were observed.

In contrast to our lab results, spot at the smaller end of the size range had increased

surgery related mortality in the field. The possibility for surgical complications is greater
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when fish are tagged on site (Wagner and Cooke 2005; Moser et al. 2007) and lab results
must be considered a “best case” scenario. For example, blue crabs (Callinectes sapidus)
were abundant in both Clubfoot and Hancock creeks during our study period, and it is
possible that attacks on recently tagged spot occurred, which could have resulted in severe
injury or death.

The probationary period to account for surgery related mortality is generally
subjective, is intended to be extremely conservative, and depends on the study system and
species being tagged (Thorsteinsson 2002). Because telemetered fish emigrated so quickly
from the study creeks our probationary period was not as conservative as we would have
liked. We assumed that the 7-day probationary period we implemented would not bias our
results based on the 100% survival rate observed in our lab study. However, because three of
the assumed natural mortalities in 2010 stopped moving between 9 and 10 days after surgery,
we also estimated mortality using an increased probationary period of 10 days, though this
reduced the overall number of fish considered at risk because it excluded fish that emigrated
between 7 and 10 days. Because of this, there was only a negligible change in mortality
estimates between the 7 and 10 day probationary period analyses, and we therefore retained
our original probationary period of 7 days.

In addition to surgery mortality, another possible way an erroneous NM assignment
would occur was if a transmitter was expelled through the surgery incision or elsewhere
through the skin (Marty and Summerfelt 1986; Baras and Westerloppe 1999). There is no
consensus on which method of incision closure should be used following transmitter

implantation, often due to non-reporting in the literature as well as to morphological
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differences between study species (Summerfelt and Smith 1990; Thorsteinsson 2002; Harms
2005; Cooke et al. 2010; Thiem et al. 2010). We were confident in assuming no tag
expulsion given our laboratory findings using simple interrupted sutures.

We assumed transmitter failure would be negligible in our study. In 2010, two tags
out of a total of 75 failed immediately upon release. Because these two were censored, they
did not affect our mortality estimates. There was only one other tag (ID: 27748) that abruptly
stopped transmitting a signal which could have been a transmitter failure, bird predation,
(i.e., NM) or fishing mortality. Spot recruit to the fishery by age-1 (ASMFC 1987; Piner and
Jones 2004) so it is possible that this fish was harvested. Predation by osprey was also
possible, as osprey are an abundant fish predator in North Carolina, and age-1 spot fall within
osprey prey size ranges (Carss and Godfrey 1996). To determine if incorrectly classifying
this transmitter fate would bias our study results we considered two different estimates of 30-
d M (NM n=9, F n=1; NM n=10, F n=0). The two estimates of 30-d M were 0.08 and 0.11
indicating that our Kaplan-Meier analysis was moderately sensitive to individual deaths and
emphasizes the great care that needs to be taken when determining fates of telemetered fish.

We assumed that our fate assignments of telemetered age-1 spot were correct.
Estimating presumed spot locations and swimming speeds was a critical component to
assigning fates. Acoustic receivers recorded the correct time and general vicinity of the two
test tags deployed in 2010, and estimated average hourly speeds had minimal error
(swimming speed error = <0.1 m/s). However, one of the initial assumptions of our study
was that emigrations by live telemetered fish would be able to be distinguished from those

that had been consumed by predators. Although swimming speeds of bottlenose dolphin
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were clearly different than presumed age-1 spot emigration speeds, there was some overlap
between spot and age-2 red drum (Bacheler 2008). Consequently, this may have influenced
our ability to distinguish some predators swimming out of creek with telemetered age-1 spot
in their stomach from true age-1 spot.

Another potential confounding factor for proper fate assignment was transmitter
elimination (regurgitation or defecation) by a predator. To our knowledge, this is the first
study to estimate time to elimination for an ingested transmitter in a piscivorous fish, and the
relatively long time period from consumption to tag elimination found here has implications
for future telemetry studies. It has generally been assumed that mortality can be inferred
from a transmitter exhibiting non-movement (Hightower et al. 2001; Heupel and
Simpfendorfer 2002; Waters et al 2005; Thompson et al 2007; Bacheler et al. 2009). Our
results showed that the time before a transmitter becomes stationary due to predation may be
considerable, and especially with telemetry studies of smaller fish, that natural mortalities
may have to be inferred using detailed movement information. For example, we assigned
two natural mortality fates (IDs: 27741 and 27794) to age-1 spot based on high within-creek

swimming speeds.

Why did natural mortality differ between the two years?

Estimated mortality rates differed between the two years. There are several
possibilities that may have led to this, though upon examination no factors stood out. Age-1
spot of similar size and condition were tagged in both study periods, indicating that fish from

both years had an equally likely probability of surviving implantation. Only one surgeon
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(S.E. Friedl) performed all surgeries and the same surgical procedure was followed in both
years. The collection method was slightly different between the two years, as spot were
collected in both an otter trawl and gill net in 2009 and a gill net only in 2010. However, it is
not likely that this was the reason for the increased mortality in 2010, as fish were
conservatively selected for implantation and only fish that had no signs of external injury and
otherwise appeared in good health were used for the study. Temperature, salinity, and DO
did not differ between the years, suggesting that these factors did not affect mortality rates.

Competitor catch was not different between the two years, and it is therefore unlikely
that competitor abundance influenced natural mortality rates of telemetered age-1 spot.
Density has been found to have an influence on age-0 spot mortality in experimental studies
(Craig et al. 2007) and a difference between CPUEs for the two years would have warranted
further investigation of the effects of this potential covariate. Additionally, the condition of
telemetered fish in 2010 was not different from those in 2009, providing further support that
competition did not differ and thus affect mortality rates.

Longnose gar dominated the catch in both years, suggesting that this was the most
abundant predator species in the two creeks. However, we never observed age-1 spot
remains in a longnose gar stomach and Atlantic menhaden comprised the majority of prey
found in the stomach contents. This result is consistent with previous studies that have found
menhaden to be the preferred prey of longnose gar, though they have also been found to prey
on other juvenile fishes including spot (Goodyear 1967). Given that longnose gar feed at
night and early morning and have a rapid digestion rate (within ~12 hours; Netsch 1962;

Goodyear 1967), and because our sampling began ~3 hours after feeding generally ends, this
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could have limited the variety of prey items in the stomach contents collected later in the
sampling day. Even if longnose gar did consume age-1 spot, their catch did not differ
between the two years, and combined with the diet data this suggests that longnose gar were
not the cause of natural mortality in 2010.

Bottlenose dolphins (Tursiops truncatus) are a commonly occurring predator of spot
in North Carolina estuaries (Gannon and Waples 2004), and were seen in both creeks during
our study, though sightings were not able to be standardized and compared between the two
years. Gastric evacuation rates for bottlenose dolphin (mean initial time to evacuation: 235 *
49 min; Kastelein et al. 2003) are such that a possible predation event and subsequent
elimination of the transmitter within the same creek visit were possible, which would lead to
the telemetered fish being correctly scored as a natural mortality. There was no evidence that
a bottlenose dolphin emigrated from the creek with a telemetered age-1 spot in its stomach
based on the large difference in estimated emigration speeds between the two species.

Predator catch did not differ between the two years and no age-1 spot were found in
stomach samples, though this does not necessarily signify that age-1 spot were not being
preyed upon in Clubfoot and Hancock creeks or that the suite of potential predator species
was limited to those collected. Sheaves (2001) argued that a lack of catch does not
necessarily indicate low predation impact. He further argues that catches of roving species
will generally either be very high or zero in these dynamic systems, and that even though
average site abundance may be low there may still be a considerable impact to the prey

species populations in the short periods they are present.
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It has been well documented that using a single gear type to sample fish communities

can negatively bias abundance and occurrence estimates of populations (Hamley 1975;
Millar 1992; Jackson and Harvey 1997; Sheaves 2001; Argent and Kimmel 2005). To
minimize this we used the trammel net as a secondary sampling gear and a strike-net
technique (i.e., up against shoreline) was employed to collect fish for both gears. Bluefish,
striped bass and spotted seatrout were caught in low numbers during our study, but are
schooling species that may have occurred in more open water environments. Thus, we
cannot rule out the possibility that we missed spot predators in our sampling and they could

have possibly differed in abundance or feeding pressure on age-1 spot between the two years.

Conclusions

Recently, there has been a call for more marine telemetry studies (Cooke et al. 2010).
Telemetry studies are easier to design and perform when done with large fish in closed
systems (Hightower et al. 2001; Young and Isely 2004; Thompson et al. 2007), but our
results suggest that estimates of mortality can be obtained for smaller species of fish in open
systems as long as great care is taken when designing the study. The effects of the
transmitter on the species being studied can bias results, and researchers need to be aware of
and understand assumptions of telemetry work such as surgery-related mortalities,
transmitter expulsion, and predators retaining tags for long periods when determining fates of
telemetered fish. For the latter bias, fine temporal and spatial scale resolution of tag
locations from continuous monitoring throughout the study area is required for the most

accurate assignment of fates.
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Our field-based estimate of M for age-1 spot is important for at least two reasons.
First, it allows for a direct comparison to predicted estimates of M based on fish weight
(Lorenzen 1996), a model which has been used to provide estimates of M for stock
assessments. Second, estimation of M for juvenile stages allows for a better understanding of
factors that may influence recruitment variability. Spot is of significance in North Carolina
both economically and ecologically and it is therefore important to develop a better
understanding of their early life stages. Estuaries provide an important nursery habitat for
juvenile spot (Currin et al. 1984; Stokesbury and Ross 1997; ASMFC 2010), thus, direct
estimates of important demographic rates in these dynamic systems, such as natural

mortality, will assist in the management of this species.
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Table 1. Actual and estimated times and locations of deployment of test transmitter 53174. Estimated values = VR2/W
weighted averages, actual values = field recorded data. No VR2/W data were recorded at Site 1. Analyst was blind to time
and location of tag deployments.

Start time Stop time Average latitude Average longitude
Site Estimated Actual Estimated Actual Estimated Actual Estimated Actual
1 N/A 7:47 N/A 7:48 N/A 34.928 N/A -76.852
2 7:58:47 8:00 8:00:28 8:02 34.936 34.936 -76.856 -76.855
3 8:12:32 8:13 8:14:05 8:15 34.937 34.938 -76.856 -76.857
4 8:32:55 8:34 8:34:12 8:36 34.918 34.919 -76.855 -76.854
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Table 2. Summary of fates for telemetered age-1 spot in 2009 and 2010. Number of each assumed fate by year is listed
followed by its proportion of the total for that year.

2009 2010

Tagged 48 75

Fate (%)

Surgery mortality 3 (0.06) 7 (0.09)
Transmitter failure 0 (0.00) 2 (0.03)
Emigration <7d 14 (0.29) 6 (0.08)
Natural mortality 0 (0.00) 10 (0.13)
Battery life end 2 (0.04) 0 (0.00)
Emigration =7d 29 (0.60) 50 (0.67)
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Table 3. Detailed descriptions of fate assignment for the ten assumed natural mortalities

in 2010.

Transmitter #

Creek

Lack of
movement

Fast swimming

speed

Extreme latitude

changes

Other comments

27740

27741

27742

27748

27750

27729

27732

27774

27786

27794

Clubfoot

Clubfoot

Clubfoot

Clubfoot

Clubfoot

Hancock

Hancock

Hancock

Hancock

Hancock

X

44

VR2/W detections indicate nighttime
movement into receiver array; manual
tracking relocations indicate daytime
residency away from receiver array

Assumed predation event on ~day 14;
estimated swimming speeds are extreme
accompanied by extreme latitude changes -
predator eventually emigrates with transmitter
still ingested

Stationary position is out of range of VR2/W
array, only relocated by manual tracking after
that

Fish disappears from creek; possible bird
predation, F

Transmitter has very fast speed then
becomes stationary and signal fades out
quickly; tag is assumed to be sinking into
substrate after being eliminated from a
predator

Hourly VR2/W detections indicate good
movement for 27d; becomes stationary and
though swimming speeds >0 were estimated
after a period of nonmovement it appears to
be due to error

Lack of movement begins ~day 26; lack of
VR2/W "grid" is misleading - creates small
movement error after this time

Transmitter becomes stationary and signal
fades out over ~10d

VR2/W detections indicate good movement
for 27d; transmitter becomes stationary,
VR2/W detections end on ~day 76 but tag is
manually relocated in same site after that

Assumed predation event on ~day 27;
estimated swimming speeds are extreme
accompanied by extreme latitude changes -
predator eventually emigrates with transmitter
still ingested



Table 4. Summary of days at risk for 2010 telemetered age-1 spot natural mortality events.

Transmitter# Creek Date Implanted Fate Date No. Days At Risk FL (mm) Weight (Q)
27729 Hancock 4/1/2010 4/9/2010 9 176 80
27732 Hancock 4/2/2010 4/26/2010 25 155 56
27740 Clubfoot 4/6/2010 4/19/2010 14 195 120
27741 Clubfoot 4/6/2010 4/19/2010 14 179 63
27742 Clubfoot 4/6/2010 4/15/2010 10 159 59
27748 Clubfoot 4/7/2010 5/16/2010 36 164 75
27750 Clubfoot 4/7/2010 4/17/2010 11 197 115
27774 Hancock  4/19/2010  4/27/2010 9 145 47
27786 Hancock  4/22/2010  6/22/2010 59 163 74
27794 Hancock  4/19/2010  5/14/2010 26 172 99
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Table 5. Predator species caught in gill and trammel nets in 2009 and 2010.

2009 2010
Species Gill net  Trammel net Gill net  Trammel net
Black drum (Pogonias cromis) X X
Bluefish (Pomatomus saltatrix ) X X
Bullhead catfish (Ameiurus spp.) X
Chain pickerel (Esox niger) X
Largemouth bass (Micropterus salmoides) X
Longnose gar (Lepisosteus osseus) X X X X
Red drum (Sciaenops ocellatus) X X X X
Southern flounder (Paralichthys lethostigma)) X X
Spotted seatrout (Cynoscion nebulosus) X X X X
Striped bass (Morone saxatilis) X X X
White catfish (Ameiurus catus) X X
Yellow perch (Perca flavescens) X
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Table 6A. Percent frequency and weight of stomach contents of predators lavaged in 2009. Size ranges and mean of predators

lavaged.

2009 Prey taxa

2009 Predator species

Black drum
%0 %W

Largemouth bass
%0 %W

Longnose gar
%0 %W

Red drum

%0

%W

Spotted seatrout
%0 %W

Striped bass
%0 %W

White catfish
%0 %W

Fishes

Brevoortia tyrannus

Clupeidae
Ophichthidae
Mugil spp.
Sciaenidae

Micropogonias undulatus

Syngnathidae
Unknown Fish

Invertebrates

Bivalvia
Macoma spp.
Bivalvia

Penaeidae

Penaeus aztecus

Penaeus spp.
Portunidae

Callinectes sapidus

Xanthidae
Xanthidae

Vegetation.
SAV

Other

25.0 45.7
75.0 54.3

100.0 20.5

100.0 79.5

77.4 80.5
3.8 0.5

1.9 0.3

62.3 18.4

5.7 0.3

45.8

4.2

4.2
58.3

4.2

12.5

25.0

25.0

37.5

53.6

9.0

0.6
6.4

0.5

25

6.6

17.7

3.0

77.8 61.9

11.1 24.6

44.4 10.6

11.1 0.5

11.1 0.2

11.1 0.1

11.1 2.2

50.0 80.4

100.0 19.3

50.0 0.3

111 12

22.2 7.7

111 0.6

33.3 19

100.0 88.6

Total stomachs analyzed
Number containing prey
Mean TL (cm) (SE)

TL range (cm)

4
4
413 (17)
385-460

370 ()

130
53
787 (5)
620-975

47

28
24

432 (5)
388-545

10

9
435 (26)
302-560

2

2
455 (25)
430-480

13

9
396 (7)
340-445



Table 6B. Percent frequency and weight of stomach contents of predators lavaged in 2010. Size ranges and mean of predators

lavaged.

2010 Predator species

Bluefish Bullhead catfish Longnose gar Red drum Spotted seatrout

2010 Prey taxa %0 %W %0 %W %0 %W %0 %W %0 %W
Fishes
Clupeidae

Brevoortia tyrannus 100.0 100.0 50.0 94.1 20.0 8.9
Sciaenidae

Leiostomus xanthurus 21 0.3

Sciaenidae 2.1 <0.1 100.0 98.0
Syngnathidae

Syngnathidae 104 0.6
Unknown Fish 47.9 4.7 20.0 8.0 50.0 2.0
Invertebrates
Amphipoda 10.0 0.8
Decapoda 2.1 <0.1
Isopoda 2.1 0.1
Penaeidae

Penaeus aztecus 20.0 8.9
Xanthidae

Xanthidae 6.3 0.2 70.0 73.5
Vegetation
SAV 100.0 100.0
Other

Total stomachs analyzed
Number containing prey
Mean TL (mm) (SE)

TL range (mm)

1 1 171 13 2
1 1 48 10 2
665 (-) 380 (-) 761 (7) 438 (26) 288 (4)
- - 510-960 350-660 284-292
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Figure 1. Study site; A: Hancock Creek B: Clubfoot Creek. Circles are 2009 and 2010 receivers, stars are additional receivers
used in 2010.

49



Present =7d after surgery?

BL = battery life ended, fish alive and present for entire study time / \

EM = emigraiton from study site Yes No
SxM = surgery related/induced martality
NM = natural mortality
/ Emigration? \ Censor
Yes No
Does fish return? Dees fish stop
moving
/(pﬁmanemy}?
YIS N\[ Yes No
Present for
Present for =36 Determine fate, =rd afte'; full battery
hrs, normal censorship date, surgery life?
spot behavior? days at risk / \ /
Yes MNo Yes MNo Yes MNo
Determine Retain original M, SxM, BL, MM,
additional days censorship date, determine censor determine Possible F
at risk days at risk days at days at or bird
risk risk predation

Figure 2. Fate assignments for telemetered age-1 spot. One of four possible fates was assigned: emigration (EM), surgery
related mortality (SxM), natural mortality (NM) or battery life end (BL).
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Figure 3. Proportion of tags retained over time for laboratory age-1 spot implanted with V9-6L dummy transmitters, simple
continuous (SC) and simple interrupted (SI) sutures. Initial sample size for each suture type was n=8.
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Figure 4. Growth in length (FL; top row) and weight (g, bottom row) for age-1 spot
implanted with dummy V9-6L transmitters and incisions closed with A. simple continuous
(SC) sutures and B. simple interrupted (SI) sutures. Only fish that retained transmitters for
entire experiment are shown. Open diamonds represent control fish and filled symbols
represent tagged fish.
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Figure 5. Proportion of transmitters retained over time in striped bass predators that ingested age-1 spot containing V9-6L
dummy transmitters. Ten tags were eliminated (regurgitated or defecated) from the predators through the 31-day study, the
remaining one was recovered upon necropsy at the end of the study on day 32.
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Figure 6. Average hourly latitude and manual tracking relocations of stationary test transmitter 56197 over time.
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Figure 7. Hourly estimated average positions from VR2/W receivers and manual

relocations (3 in the same location) for stationary test transmitter 56197. Time and
location of tag deployment were unknown to field crew and analyst. Filled circles
represent VR2/Ws and sample sizes are number of detections per VR2/W receiver.
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Figure 8. Frequency of estimated speeds (m/s) for stationary test transmitter 56197 based on hourly average VR2/W detections.
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Figure 9. Weight versus length of telemetered age-1 spot in 2009 and 2010.

57



Week of
4/19/2009 4/26/2009 5/3/2009 5/10/2009 5/17/2009 5/24/2009 5/31/2009 6/7/2009 6/14/2009 6/21/2009 6/28/2009 7/5/2009 7/12/2009 7/19/2009
Transmitter

56189 EM
56190
56194
56195
56198
56202
56204
56208
56211
56213
56216
56219
56222
56185
56188
56193
56200
56201
56203
56215
56217
56218
56221
56223
56224
56225
56226
56227
56228
56229
56232

EM = emigration
BL = battery life end
NM = natural mortality

EM

EM

BL

BL

Figure 10A. Relocation histories for 31 telemetered age-1spot in 2009; relocations include only fish considered at risk for the
study. Letters indicate the fate of each telemetered fish as an emigration (EM) or battery life end (BL); no natural mortality
(NM) events were detected in 20009.
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Week of
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Transmitter
27725 EM
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27728 EM EM = emigration
27729 _ :
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27765
27767
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27788
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EM

NM

EM

Figure 10B. Relocation histories for 60 telemetered age-1spot in 2010; relocations
include only fish considered at risk for the study. Letters indicate the fate of each
telemetered fish as an emigration (EM), battery life end (BL), or natural mortality (NM).
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Figure 11. Assumed fate examples from VVR2/W estimated average hourly positions (black line) and manual tracking
relocations (X): A. Emigration 27 days; B. Surgery related mortality; C. Natural mortality (e.g. if tag was eliminated from
predator); D. Natural mortality where predator emigrates with tag still ingested.
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Figure 12. Estimated average hourly latitudinal positions
(dots), manual tracking relocations (X), and swimming
speeds (m/s) of the ten assumed natural mortalities of
telemetered age-1 spot in 2010. Vertical dashed lines
indicate when VR2/W data were no longer available to
estimate swimming speeds. Clubfoot Creek fish: 27740,
27741, 27742, 27748 and 27750; Hancock Creek fish:
27729, 27732, 27774, 27786 and 27794.
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Figure 13. Length frequency of telemetered age-1 spot for 2010. Natural mortalities were evenly distributed across the size
range of telemetered fish, surgery related mortalities occurred mostly with fish <160mm (FL).
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Figure 14. Maximum latitudinal variance (squared decimal degrees) for telemetered
age-1 spot in 2009 and 2010. Qutliers occurred in 2010 at >0.0004 squared decimal
degrees (red line).
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Figure 15. Maximum speed (m/s) for telemetered age-1 spot in 2009 and 2010.
Outliers occurred in 2010 at >0.60 m/s (red line).
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Figure 16. Estimated average emigration swimming speeds for telemetered age-1 spot, compared to estimates from the same
study creeks for red drum and bottlenose dolphin (Bacheler 2008). Two different estimated averages for age-1 spot are
shown: an average of the last 48 hours of detections (including emigration) and the final estimated hourly average swimming
speed.
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Figure 17. A. 2009 estimated daily survival (solid line) and numbers of fish at risk (dotted
line) for telemetered age-1spot; B. 2010 estimated daily survival for telemetered age-1
spot and number of fish at risk. Diamonds indicate 95% upper and lower confidence
intervals of survival.
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Figure 18. Estimated daily survival (solid line) and numbers of fish at risk (dotted line) for 2009 — 2010 (combined)
telemetered age-1 spot. Diamonds indicate 95% upper and lower confidence intervals of survival.
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Figure 19. Observed (horizontal lines) and predicted (black curve; Lorenzen 1996) 30-d Ms by weight for age-1 spot;
observed monthly M is a combined Kaplan-Meier estimate for 2009 and 2010 telemetered fish, estimated for 9 (dotted line)
and 10 (dashed line) natural mortalities. The red curve represents the Lorenzen (1996) function adjusted to match the mean
weight and mortality rate (10 NM, combined year estimate).
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Figure 20. Age-0 spot and potential competitor trawl CPUE for 2009 and 2010. Potential competitors include Atlantic
croaker (Micropogonias undulatus), pinfish (Lagodon rhomboides) and Paralichthys spp.
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Figure 21. Age-1 spot and potential competitor trawl CPUE for 2009 and 2010. Potential competitors include Atlantic
croaker (Micropogonias undulatus), pinfish (Lagodon rhomboides) and Paralichthys spp.
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Figure 22. Temperature (°C), salinity (ppt), and dissolved oxygen (mg/L) in 2009 and 2010.
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Figure 23. Daily gill net CPUE for predators 2375mm TL in 2009 and 2010.
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Figure 24. Finfish and unidentified prey sizes from all lavaged predators in 2009 and 2010. Range includes size range of
telemetered age-1 spot.
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Appendix Table 1. A. Age-1 spot surgically implanted with VV9-6L sonic transmitters
23 April — 21 May 2009. B. Age-1 spot surgically implanted with VV9-6L sonic
transmitters 1 — 22 April 2010. Gray lines indicate fish excluded from analyses due to
surgery related mortality, emigration from the study site <7 d after implantation, or
transmitter failure.

Transmitter # Date Activated Date Implanted Fate Date No. Days At Risk Fate Creek Weight (g) FL (mm) TL (mm)

56185 5/6/2009 5/8/2009 5/17/2009 9 EM Hancock 76.2 163 171
56186 5/11/2009 5/21/2009 5/25/2009 0 SM Clubfoot 71.5 165 177
56187 5/11/2009 5/21/2009 5/24/2009 4 EM Clubfoot 87.7 173 185
56188 4/20/2009 4/23/2009 5/15/2009 23 EM Hancock 60.0 160 170
56189 5/11/2009 5/21/2009 6/2/2009 13 EM Clubfoot 88.5 177 190
56190 5/11/2009 5/21/2009 6/9/2009 20 EM Clubfoot 74.1 165 180
56191 5/11/2009 5/21/2009 5/23/2009 3 EM Clubfoot 73.5 167 180
56192 5/11/2009 5/21/2009 5/24/2009 4 EM Clubfoot 90 175 189
56193 5/6/2009 5/8/2009 5/23/2009 16 EM Hancock 63.5 154 164
56194 5/11/2009 5/21/2009 5/29/2009 9 EM Clubfoot 70.8 166 178
56195 5/11/2009 5/21/2009 5/31/2009 11 EM Clubfoot 55 150 160
56196 5/6/2009 5/8/2009 5/12/2009 5 EM Hancock 82.6 169 180
56198 5/11/2009 5/21/2009 5/27/2009 7 EM Clubfoot 69.5 160 170
56199 5/6/2009 5/8/2009 5/12/2009 5 EM Hancock 65.1 160 170
56200 5/6/2009 5/8/2009 5/14/2009 7 EM Hancock 74.2 164 175
56201 5/6/2009 5/8/2009 5/15/2009 8 EM Hancock 62.5 156 165
56202 5/6/2009 5/11/2009 5/23/2009 13 EM Clubfoot 78.5 163 175
56203 5/6/2009 5/8/2009 5/17/2009 10 EM Hancock 62.6 157 167
56204 5/6/2009 5/11/2009 5/30/2009 20 EM Clubfoot 59.7 155 167
56205 5/6/2009 5/8/2009 5/11/2009 4 EM Hancock 81.5 168 178
56206 4/24/2009 4/30/2009 5/6/2009 0 SM  Clubfoot 57 155 165
56207 4/24/2009 5/8/2009 5/13/2009 6 EM Hancock 105.5 184 206
56208 4/24/2009 4/30/2009 6/15/2009 47 EM Clubfoot 59 157 167
56209 5/6/2009 5/12/2009 5/15/2009 4 EM Clubfoot 57 153 163
56210 5/6/2009 5/12/2009 5/15/2009 4 EM Clubfoot 67.8 160 170
56211 5/6/2009 5/12/2009 5/27/2009 16 EM Clubfoot 58.8 155 166
56212 5/6/2009 5/21/2009 5/24/2009 4 EM Clubfoot 95.5 177 190
56213 4/20/2009 5/1/2009 5/17/2009 16 EM Clubfoot 65 160 170
56214 4/20/2009 5/1/2009 5/4/2009 4 EM Clubfoot 50.6 151 161
56215 4/20/2009 4/26/2009 6/10/2009 43 EM Hancock 74.5 170 180
56216 4/20/2009 4/25/2009 5/3/2009 9 EM Clubfoot 53.3 150 160
56217 4/20/2009 4/23/2009 6/4/2009 43 EM Hancock 90.0 175 185
56218 4/20/2009 4/23/2009 5/17/2009 25 EM Hancock 74.1 168 178
56219 5/6/2009 5/11/2009 6/15/2009 36 EM Clubfoot 54.7 155 167
56220 4/20/2009 4/30/2009 5/3/2009 4 EM Clubfoot 57.7 153 163
56221 4/20/2009 5/8/2009 5/18/2009 8 EM Hancock 111.8 185 200
56222 4/20/2009 4/30/2009 5/13/2009 14 EM Clubfoot 73.8 171 182
56223 4/20/2009 4/23/2009 5/15/2009 22 EM Hancock 61.3 157 169
56224 4/20/2009 5/8/2009 6/11/2009 35 EM Hancock 65.0 160 170
56225 4/20/2009 4/23/2009 5/15/2009 22 EM Hancock 63.5 158 169
56226 4/20/2009 4/23/2009 7/13/2009 82 BL Hancock 46.3 146 156
56227 4/20/2009 4/23/2009 5/15/2009 23 EM Hancock 64.4 158 168
56228 4/20/2009 4/23/2009 5/10/2009 18 EM Hancock 60.6 160 172
56229 4/20/2009 5/8/2009 6/7/2009 31 EM Hancock 103.5 181 195
56230 4/20/2009 5/1/2009 5/1/2009 0 SM  Clubfoot 52.6 150 160
56231 4/20/2009 4/26/2009 4/27/2009 2 EM Hancock 66.1 160 170
56232 4/20/2009 4/23/2009 7/13/2009 82 BL Hancock 63.8 162 171
56234 5/6/2009 5/8/2009 5/10/2009 3 EM Hancock 109.1 190 203
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Appendix Table 1B.

Transmitter # Date Activated Date Implanted Fate Date No. Days At Risk Fate Creek Weight (g) FL (mm) TL (mm)
27725 3/29/2010 4/6/2010 4/29/2010 24 EM Clubfoot 56 156 167
27726 3/29/2010 4/5/2010 4/5/2010 0 SM Hancock 98 184 198
27727 3/29/2010 4/6/2010 5/1/2010 26 EM Clubfoot 63 159 170
27728 3/29/2010 4/7/2010 4/27/2010 16 EM Clubfoot 72 170 182
27729 3/29/2010 4/1/2010 4/9/2010 9 NM  Hancock 80 176 189
27730 3/29/2010 4/6/2010 4/24/2010 19 EM Clubfoot 62 163 179
27731 3/29/2010 4/5/2010 4/25/2010 21 EM Hancock 100 187 201
27732 3/29/2010 4/2/2010 4/26/2010 25 NM Hancock 56 155 165
27733 3/29/2010 4/5/2010 5/13/2010 39 EM Hancock 161 219 237
27734 3/29/2010 4/6/2010 5/16/2010 41 EM Clubfoot 68 161 172
27735 3/29/2010 4/7/2010 4/16/2010 10 EM Clubfoot 83 173 185
27736 3/29/2010 4/5/2010 4/26/2010 22 EM Hancock 174 225 243
27737 4/6/2010 4/7/2010 4/13/2010 7 EM Clubfoot 63 159 170
27738 4/6/2010 4/7/2010 5/23/2010 47 EM Clubfoot 112 193 205
27739 4/6/2010 4/12/2010 4/21/2010 10 EM Hancock 82 170 184
27740 3/29/2010 4/6/2010 4/19/2010 14 NM  Clubfoot 120 195 209
27741 3/29/2010 4/6/2010 4/19/2010 14 NM  Clubfoot 63 179 193
27742 3/29/2010 4/6/2010 4/15/2010 10 NM  Clubfoot 59 159 172
27743 4/6/2010 4/7/2010 4/25/2010 19 EM Clubfoot 83 175 188
27744 4/6/2010 4/7/2010 5/25/2010 47 EM Clubfoot 47 150 161
27745 4/6/2010 4/7/2010 4/12/2010 6 EM Clubfoot 86 174 189
27746 4/6/2010 4/7/2010 4/18/2010 12 EM Clubfoot 62 155 166
27747 4/6/2010 4/7/2010 4/14/2010 8 EM Clubfoot 70 164 175
27748 4/6/2010 4/7/2010 5/16/2010 36 NM  Clubfoot 75 164 176
27749 4/6/2010 4/7/2010 5/7/2010 31 EM Clubfoot 59 156 168
27750 4/6/2010 4/7/2010 4/17/2010 11 NM  Clubfoot 115 197 212
27751 4/6/2010 4/7/2010 5/8/2010 31 EM Clubfoot 58 160 167
27752 4/6/2010 4/7/2010 5/16/2010 40 EM Clubfoot 58 152 163
27753 4/6/2010 4/7/2010 5/16/2010 35 EM Clubfoot 67 164 177
27754 4/6/2010 4/7/2010 4/13/2010 7 EM Clubfoot 58 153 165
27755 4/6/2010 4/7/2010 4/7/2010 0 SM Clubfoot 55 148 160
27756 4/6/2010 4/7/2010 4/21/2010 15 EM Clubfoot 123 198 212
27757 4/6/2010 4/7/2010 4/7/2010 0 TF  Clubfoot 153 216 232
27758 4/6/2010 4/7/2010 4/12/2010 6 EM Clubfoot 70 161 173
27759 4/6/2010 4/7/2010 4/20/2010 14 EM Clubfoot 48 148 158
27760 4/6/2010 4/7/2010 5/6/2010 30 EM Clubfoot 63 155 166
27761 4/6/2010 4/7/2010 5/2/2010 26 EM Clubfoot 55 152 154
27762 4/6/2010 4/7/2010 5/23/2010 46 EM Clubfoot 72 166 179
27763 4/6/2010 4/7/2010 4/7/2010 0 SM Clubfoot 63 158 171
27764 4/6/2010 4/7/2010 5/17/2010 41 EM Clubfoot 82 175 189
27765 4/11/2010 4/12/2010 5/4/2010 23 EM Hancock 56 154 163
27766 4/11/2010 4/12/2010 4/13/2010 2 EM Hancock 60 158 170
27767 4/11/2010 4/12/2010 6/18/2010 67 EM Hancock 53 149 160
27768 4/11/2010 4/14/2010 5/23/2010 40 EM Clubfoot 50 145 158
27769 4/11/2010 4/15/2010 4/15/2010 0 TF  Hancock 59 150 161
27770 4/11/2010 4/19/2010 4/26/2010 8 EM Hancock 97 173 186
27771 4/11/2010 4/14/2010 4/17/2010 4 EM Clubfoot 66 162 174
27772 4/11/2010 4/14/2010 5/13/2010 30 EM Clubfoot 97 175 188
27773 4/11/2010 4/15/2010 4/26/2010 12 EM Hancock 82 167 180
27774 4/11/2010 4/19/2010 4/27/2010 9 NM Hancock 47 145 158
27775 4/11/2010 4/14/2010 4/22/2010 9 EM Clubfoot 56 152 162
27776 4/11/2010 4/14/2010 5/1/2010 18 EM Clubfoot 103 183 198
27777 4/11/2010 4/15/2010 4/15/2010 0 EM Hancock 62 155 167
27778 4/11/2010 4/19/2010 5/27/2010 39 EM Hancock 74 165 177
27779 4/11/2010 4/15/2010 5/22/2010 38 EM Hancock 127 193 209
27780 4/11/2010 4/19/2010 4/19/2010 0 SM Hancock 53 148 160
27781 4/11/2010 4/15/2010 5/5/2010 21 EM Hancock 116 190 204
27782 4/11/2010 4/15/2010 4/15/2010 0 SM Hancock 56 150 160
27783 4/11/2010 4/15/2010 4/15/2010 0 SM Hancock 52 145 156
27784 4/11/2010 4/19/2010 4/26/2010 8 EM Hancock 111 185 199
27785 4/13/2010 4/22/2010 4/30/2010 9 EM Hancock 102 178 191
27786 4/13/2010 4/22/2010 6/22/2010 59 NM Hancock 74 163 170
27787 4/13/2010 4/19/2010 5/4/2010 16 EM Hancock 101 178 190
27788 4/13/2010 4/19/2010 6/1/2010 44 EM Hancock 109 187 199
27789 4/13/2010 4/19/2010 4/19/2010 0 EM Hancock 85 163 176
27790 4/13/2010 4/22/2010 5/8/2010 17 EM Hancock 83 169 180
27791 4/13/2010 4/19/2010 4/25/2010 7 EM Hancock 123 192 206
27792 4/13/2010 4/19/2010 5/8/2010 20 EM Hancock 60 150 160
27793 4/13/2010 4/19/2010 4/19/2010 0 SM Hancock 48 142 150
27794 4/13/2010 4/19/2010 5/14/2010 26 NM Hancock 99 172 184
27795 4/13/2010 4/19/2010 4/25/2010 7 EM Hancock 101 181 195
27796 4/13/2010 4/22/2010 5/28/2010 37 EM Hancock 83 166 178
27797 4/13/2010 4/19/2010 5/20/2010 32 EM Hancock 107 180 193
27798 4/13/2010 4/22/2010 5/12/2010 21 EM Hancock 70 159 170
27799 4/13/2010 4/22/2010 5/16/2010 25 EM Hancock 48 143 151
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Appendix Figure 1. Size-
frequency distributions for
spot and potential competitors
(Atlantic croaker, pinfish and
Paralichthys spp).
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Atlantic croaker frequency by TL
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Pinfish frequency by FL
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Paralichthys spp. frequency by TL
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Appendix Figure 2. Estimated average hourly
latitudes and manual tracking relocations for all at
risk telemetered age-1 spot in 2009. Black dots are
VR2/W detections, red triangles indicate manual
tracking relocations. Fate assignments are:
emigration (EM), surgery related mortality (SxM),
natural mortality (NM) and battery life end (BL).
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Appendix Figure 3. Estimated average hourly
latitudes and manual tracking relocations for all
at risk telemetered age-1 spot in 2010. Black
dots are VR2/W detections, red triangles indicate
manual tracking relocations. Fate assignments
are: emigration (EM), surgery related mortality
(SxM), natural mortality (NM) and battery life
end (BL).

93



27734 -EM

27728 -EM

27725 -EM

. L] . . o * . %
.
o Y, 80'... Voo .o
.
.o‘ﬂa QM LTI -
M L} .
. uo‘
.
(]
4
<«
.
A .
. . u’u
.%a . e -
4
<4
. o‘.‘ B
; .
I I I I I T
Z6'vE B'YE 06'vE 68'vE 8g've 8vE
apnyen
. LR N . S o
L oo -
<4
& o
: Wﬁ& ¢ -
.« ¢+ M
e
o - L
cel
T T T T T T
I6'vE B'YE 06'vE 68'vE 88'vE 18vE
apnyen
. . LY A . “ it
" . . . A .
. . o i &
o
L 3 A
- ‘ iy
e
. -
e ¢
0
ot , Q. ORI
aety o  FE o
.o .
., A
oot
I T T T T T
6ve 6vE 06'vE 6avE 88've 18'VE
apnyen

130

120

110

100

140

130

120

110

100

120

115

110

10S

100

Day of year

Day of year

Day of year

27735 -EM

27730 -EM

27727 -EM

”oo B
| LR
’.O
V.t *
O\O“ 2 'O
*
g ®
LY LI
oY !
.O * . .
AR
., N
I« -
T T T T T T
6'vE I6VE 06'vE 68'vE 88've 8VE
apnyeT
‘e . I
A A0 .
|
*
wt i 4
. .
*
e 4
]
[ ] =
|
A |
T T T T T T
6'vE 16'VE 06'vE 68'vE 98've AR
apnye
. DX T .
A.u%. i
o, * 0‘.@ . “ )
™) . ‘o
‘ooo '& b
- . “0 -
wi, 4
e,
* *
s\..f. Soq L
.o
KA ) oo M -
. * *
. WQ
[ .s * . L
g
. ‘o . . . 'y Dy
- * O B
o
"
@
T T T T T T
A I6YE  0BYE  BgPE  88YE  I8HE

apnyeT

106

104

102

100

98

115

110

105

100

120

115

110

100

Day of year

Day of year

Day of year

94



27742 - NM

27740 - NM

27737 -EM

4
L |
4 L
4
4
4
A -
.
‘ . *
-t S...vl‘.s“
v L
« 0 0 A .
T T T T T T
26V BYE 06'¥E 68'vE 98've 18'vE
apnyeT
L |
q
«
L
. “ .. B
.:“.
r AR |
"y .M 5
"
N .
TS R |
5 P ow « *e B
' 4
'
T T T T T T
6'vE E'bE 06'FE 68'bE 88've 8'vE
apnyeT
{, L
L . .
H
. *
: 1& |
A ' #
3. %
T T T T T T
6'vE I6VE 06'vE 68'1E 98've 81

apnye]

110 120 130 140

100

120

118

110

105

100

99 100 101 102 103

98

Day of year

Day of year

Day of year

27743 -EM

27741 - NM

27738 -EM

*nd *.. i
»t, n
' |
LS
'.ooo. 1
§ -
b’
XY
HERAES
Po : e .
".0 Al
¢,
Py .
‘oo s 0y L
LLIN ‘
T T T T I I
Z6'vE EbE 06'vE 68'vE 88've 18vE
apnyeT
PPN |
LR A
u o'.\ . H
e ov! -
b ..hnA. ’
<
el o » * I
LR |
e ooou_?‘..“.
SN 4 A- -
wt on. W ¢ *
$ *
-, .! L L
¢ o9 .
T T T I I T
6've 6'vE 06'¥E 68'VE ag've 8ve
apnyeT
Tﬁ « i
O | A
4 -+ 2
. -& ..A Ooo
m -
..SA X
4 .
o.“o 4 -
4 .
o mi P r
*»
o see .—‘ L
LI s A
- “o e
Y ..?. . L I
Py . . A
T T I I I T
6V 16V 06'vE 68'vE 8ave 8%€
apnye

115

110

105

100

125

120

105 110

100

140

130

120

110

100

Day of year

Day of year

Day of year

95



Latitude

Latitude

3488 34.89 3490 349 3492

3487

3488 3489 34.90 349 3492

3487

27744 - EM

A A
% . 4t
.
£ 3
* .
A
-
.
e -
-
-
&
A
T T T T
100 110 120 130 140
Day of year
27746 - EM
.=
.
%
‘-
- .
- oy Do .8
F * *
.
Y
. .
.
o e
.
- ., -
-
.
- o=
o
2
T T T T T T
98 100 102 104 106 108
Day of year

Latitude

Latitude

3489 3490 3491 34.92

34.88

3487

3488 3489 34.90 3491 34.92

3487

96

27747 -EM
- F 24
TR :
. . . * .‘::. % .
- . - AQ.
- s e . - 22
P £
T T T T T
88 100 102 104 106
Day of year
27748 - NM
3 -
abt
e+ _° . -
..:.‘m _
A -
v . s
L ]
A
T T T T
100 110 120 130
Day of year

Latitude

Latitude

34.88 34.89 34.90 34.91 3492

3487

3488 3489 34.90 3491 3492

3487

27749 -EM

.
e o e

‘ -
.s{q’:. - =3

.o
. %2

AL, 7L

A 4 AA A A

100 105 110 115 120 125
Day of year
27750 - NM
-
+
LY
e
3 .
.
.
3
S
x
ity :
a 3 - -
L4
.2 3 3
T
- &M A PR

T T T
100 105 110

Day of year

115




Latitude

Latitude

3488 34.89 3490 349 3492

3487

3488 3489 34.90 349 3492

3487

27751 -EM

Ll
G A A & ‘A: A
. .. .
]
.
T T T T T T
100 105 110 118 120 125

Day of year

27752 -EM

-
.
-
T T T
100 110 120 130
Day of year

Latitude

Latitude

34.88 3489 3490 34.91 34.92

3487

3488 3489 34.90 3491 34.92

3487

97

27753 -EM
. . “
. <
. . = - <«
; H
. e ;
Y
4 3
T T T T
100 110 120 130
Day of year
27754 -EM
s d
:.
& oW
* . o;..
c— vaL oL e -
A
T T T T T T
98 99 100 101 102 103
Day of year

Latitude

Latitude

3489 3490 3491 3492
»
*
’ F .M'
>

34.88

3487

3488 3489 34.90 3491 3492

3487

27755 - SxM

Day of year

Ada a4 A2 A a4,
T T T T T
100 110 120 130 140 150
Day of year
27756 - EM
A r
: .. - - o
. o -
o
- - emam e e .
. oA .
z E O ¢ 5 -
T T T T T T T
88 100 102 104 106 108 110



Latitude

Latitude

3488 34.89 34.90 349 3492

3487

3488 3489 34.90 349 3492

3487

27759 -EM
A
&
+ By 5,
. .
2 * . -
. . =
L PR .
A
- = slpe— -
: <
T T T T
100 105 110 115
Day of year
27760 - EM

DR P ORSS A §3od
T s Aeen T
EY SR
2 " . .
g& o :0.“ A
.o
t 2
.
.
-
A
44
.
T T T T T
100 110 120 130 140
Day of year

Latitude

Latitude

3488 3489 3490 3491 3492

3487

34.88 34.89 34.90 34.91 34.92

3487

27761 - EM
i ot o‘ .
. .8
. “ -0
= : " a
C g el
L4 - e & -
b Y Aly )
. ..
- o .- -.-
14a..,. A
-l
T T T T T
100 105 110 115 120
Day of year
27762 -EM
T z- . » v

Wr

B 9’.&0&& ot 03..2.:. e

T e

A A ATA A .
P T #
A - < -
.t
T T T T T
100 110 120 130 140
Day of year

98

Lattude

Latitude

3488 3489 3490 3491 3492

3487

3488 34.89 34.90 34.91 34.92

3487

27763 - SxM

—aifte ..

A &4 A a4 A* 44 44 a4 a

T T T T T

100 110 120 130 140
Day of year
27764 -EM
g -
4 e
: M
2 .
.g* *
»
.3 ~ t
.
. r 3
L 4
.
.
-~
-
&
.
..
.
T T T T
100 110 120 130
Day of year




27775 -EM

27768 -EM

T
I6'vE

L6'PE 06'+E 68'tE 28've 81
apnpe
*
p &
L |
. MF . B
“w. wlw.
I T T T T T
6'te V6'vE 06'tE 69'FE 88'vE L9PE

apnyen

110 118 120 125 130 135

108

140

130

120

110

Day of year

Day of year

27776 -EM

27772 -EM

‘ .
-..’.. .
o$~o~ﬂ -
LA
8y
aq-e
. *
. *, -
L io..
.
.
Y st
odi . -
-,
"y
o- e,
4
' 4
v, d o
T T T T T T
a6'vE 6'¥E 06'vE 68'vE 88've 8%
apnyen
Micoe .
*e
ﬂo A “ oo ?o o
. . « A
|
4
g -
b
- eet ¢ A
“
v B Mo DA IR T
.91.
‘P
] o ooo
«¥ & -
T T T T T T
26vE 6'PE 06'vE 68'vE 9ave 81E

apnyeT

120

115

110

105

110 115 120 125 130

105

Day of year

Day of year

99



27733 -EM

27731 -EM

27726 - SxM

oooo‘ e L] * [
T T T T T T
PEYE E£6FE I6VE |6'VE 06'¥E 69V
apnye
*
. L]

T T T T T T
PEvE £6'E 6 e 16'PE 06'vE 62'vE
apnye

*
* =
1)
k.
"]
% . I
K
*
[ £
2 L
S
T T T T T I
P6¥E £6'1E Z6'1E |6'¥E 06'vE 69V

apnyen

130

120

110

100

115

110

105

100

s

180

160

140

120

100

Day of year

Day of year

Day of year

27736 -EM

27732 - NM

27729 - NM

}o' ¢

* . =
£.
*
5 i
ﬂo .o - -
_ _ T T T "
PE'HE E6'tE 6'tE L6'PE 06'tE 63'tE
apnyeT
M
e
3 1
1
L]
4
(]
A -
4
4 .m oo r
L * . .
s ‘e d
* % ' .
’! & ' n ot 8 I
T T T T T T
PE'vE £6'vE 6'tE L6'VE 06'tE 68'tE
apnye’
.
-
’ L Y "
L]
T T T T T T
PEvE E6'vE 6'vE L6'bE 06'vE 69'PE

apnyen

105 110

100

95

180

160

140

120

100

160

140

120

100

Day of year

Day of year

Day of year

100



Latitude

Latitude

34.90 349 34.92 3493 34.94

34.89

3490 349 3492 3493 34.94

3489

27739 -EM
I~ vne - f o o w
A . g S
. .‘.9 o .ﬁ -
- Yo v 2
& z
T T T T T
104 106 108 110 12
Day of year
27765 - EM
>o
& ;
Ny, p
& P & &
L o A A A
T T T T T
105 110 115 120 125
Day of year

Latitude

Latitude

34.90 3491 3492 3493 3494

34.89

34.90 3491 3492 3493 34.94

3489

27767 - EM
.
.
.
T T T T T T T T
100 110 120 130 140 150 160 170
Day of year
27770 -EM
7] Fa 4
L.
. .
%
IR s—?":'-pa’.?. com— -
. .
-
-~ .
- .. -
Agme m o=
T T T T T T T
110 111 112 113 114 115 116
Day of year

101

Latitude

Latitude

349 3492 3493 3494
et
oo Y “w
‘e

34.90

3489

3490 3491 3492 3493 34.94

3489

27773 -EM

A
T T T T
110 130 140 150
Day of year
27774 - NM
"o
.. *
LA B
..
$ &= 2
H .y
s « ow
.
=t e e e -
A A A A
T T T T T T
110 115 120 125 130 13
Day of year




Latitude

Latitude

34.90 349 34.92 3493 34.94

34.89

3490 349 3492 3493 34.94

3489

27778 -EM
3 .
Sde.. o -—ed - 3
b4 G .:a: A 1A
A
F
T T T T
110 120 130 140
Day of year
27779 -EM

.

W

110

T
120

Day of year

T
130

140

Latitude

Latitude

34.90 3491 3492 3493 3494

34.89

34.90 3491 3492 3493 34.94

3489

27780 - SxM

A
#__,. 3% S
e iae . 2,
;- A.‘M.z-. e

T T T T T T T
110 120 130 140 150 160 170

Day of year
27781 -EM
[ .

T T T T T T T
110 120 130 140 150 160 170

Day of year

102

Latitude

Latitude

34.90 3491 34.92 34.93 3494

3489

3490 3491 3492 3493 34.94

3489

27782 - SxM

A £ by
- - .i .
ke A, 2 LI
T T T T T T
110 120 130 140 150 160
Day of year
27783 - SxM
Wit vaitad adose . s
A A A
T T T T T T
110 120 130 140 150 160
Day of year



27788 -EM

27786 - NM

27784 -EM

* e L)
4 L
L
9|
4
. v o‘ » -
bl
. .
wt 4 o
.3 4
. A ‘ B
.
- . o ‘o '
’c . -
T I I I I T
YE'vE E6'VE I6'vE V6'VE 06'vE 68'VE
apnyen
4 L
4
. L 04
L4
? -
- Yo
“w e e . od
: A e i
.‘ .
.
T T T T T T
Y6 vE E6'vE C6'vE VG'vE 06'vE 68'vE
apnyen
O.
. — i
L4
M.. . -
g
\ug. « 2
.
W
.
o;”l
*
“.. -
I T T T T T
ye've E6vE C6'bE G¥E 06'vE 6a'vE

apnyen

150

140

130

120

110

200

180

160

140

120

111 112 113 114 115 116

110

Day of year

Day of year

Day of year

27790 - EM

27787 -EM

27785 -EM

{

ovoMO M

vE've E6'VE 6'vE I6'¥E 06'vE 68'VE
apnye
e o 95 PN
R
S*. ‘e d
A .
<«
1
3
PRl
Y i
T T T T T T
v6've E6'VE Z6vE 6'vE 06'vE 68'vE
apnyen
-~ y o
]
. .
T T T T T T
yeve EEVE 6'vE 16 06'vE 68'vE

apnyeT

125

120

115

125

120

110

120

118

1186

114

Day of year

Day of year

Day of year

103



27791 -EM 27793 - SxM 27795 -EM

3493 34.94

Latitude
3492

349

34.90

34.89

3494
3494

ton,

P - L. — 3
‘F‘f w e b. ‘ ?“
V\:_. ‘.‘;‘3-9 - %ﬂ -

.
s
.

34.93
1
e
3493

34[92
%)
f

34I92

Latitude
Latitude

3491
3491

34.90
34.90

34.89
3489

T T T T T T T T T T T T T T T T
110 111 112 113 114 115 110 120 130 140 150 110 112 114 116 118

Day of year Day of year Day of year

27792 -EM 27794 - NM 27796 - EM

3493 34.94

Latitude
3492

349

3490

3489

34.94
]
34.94
|

: ; . : g T N =g
= { H ?:t:‘

.
-m, ¢ o

3492

. o
.
3493
|
XY
.
.
.
.
0 . .
Lo X
.
3493
|

L™
*

*

Latitude

3492

Yt

- -

te mpete -A.-.A_" Mateded &%
y

Latitude

3491
3491

34.90
3490

3489
.
3489

T T T T T T T T T T T T T T T T T T
110 115 120 125 110 120 130 140 150 160 170 115 120 125 130 135 140 145 150

Day of year Day of year Day of year

104



Latitude

Latitude

3490 349 34.92 3493 34.94

3489

3490 349 3492 3493 34.94

3489

27797 - EM
¥
: i
‘...c_ A,
- L r
* ~
AA -
Y A
T T T T T T
110 115 120 125 130 135 140
Day of year
27798 - EM
bed a2l od ]
“by* =
A
&
A
F A
T T T T
115 120 125 130
Day of year

Latitude

3490 3491 3492 3493 3494

3489

27799 -EM

ee e m s es P eccmm see
3 e (4
e )
. :' -
. i, swsmemess
-
-
T T T T T
115 120 125 130 135
Day of year

105




Appendix Figure 4. Estimated average hourly
swimming speeds (m/s) for all at risk telemetered
age-1 spot in 2009. Fate assignments are:
emigration (EM), surgery related mortality (SxM),
natural mortality (NM) and battery life end (BL).
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Appendix Figure 5. Estimated average hourly
swimming speeds (m/s) for all at risk telemetered
age-1 spot in 2010. Fate assignments are:
emigration (EM), surgery related mortality (SxM),
natural mortality (NM) and battery life end (BL).
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