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EXECUTIVE SUMMARY

Prepared For: Recreational Fishing Development Fund Advisory Board
Yirginia Marine Resources Commission

Environmental factors such as water temperature, photoperiod, and tidal cvcle, affect residence, movement, and
activity patterns of marine fishes on both diel and seasonal time scales, Changes in light intensity and tide stage occur
several times each day and may exert strong influence on diel activity patterns. Annuai fluctuations in water temperature
and day length are considered to be the primary environmental cues that trigger migratory behavior for migratory species
and reduced activity for non-migratory species. Geographic position on earth largely determines the magninude of
change, as well as absolute values, for seasonal variation in climate. For species with large geographic distributions,
regional differences in the intensity of seasonal cycles may result in different seasenal distribution and activity patterns.
Because such regional differences can occur, understanding the response of local populations to seasonal changes in
climate thronghout a species’ geographic distribution is necessary for understanding population dynamics and imple-
menting approptiate local management strategies.

Seasonal residence, movement, and activity patterns of tautog (Tautoga onitis), while relarively well documented for
northern populations, have not been adequately defined for populations south of New Jersey. Long-term residence,
movement, and activity patterns of tautog in the natural environment were never previously addressed anvwhere in the
species’ geographic range. Virginia fishery patterns and tag-recapture data from the Virginia Game Fish Tagging Program
(VGFTP) (1995-1999) suggest regional differences exist between northern (New York to Rhode Isiand) and southemn
(Virginia) tautog. Using telemetry tagging and tracking methods, this study documented that such differences consis-
tently occwrred throughout the year.

Ultrasonic transmitters were surgicaily implanted inte the body cavity of 35 adult tautog (400-514mm; 15.75-20.25 in.
TL) at four sites in the lower Chesapeake Bay near Cape Charles, VA (natural sites: Mussel Beds and the Coral Lump;
manmade sites: the Airplane Wreck and Texeco Wreck). Nineteen fish were captured-released in November-December
1998 on the four sites and monitored through mid-spring 1999 (when tag batteries expired); fourteen additional fish were
then captured-released in April 1999 on the sites and monitored into the fall (September-October1999). Tautog were
captured using standard two-hook bottom rigs and fresh crab/clam bait, anesthetized, surgically implanted with transmit-
ter tags, tagged with an external VGFTP T-Bar tag and a second T-Bar special reward tag, allowed to recover in live wells,
then released within two hours at their respective capture sites.

Tank experiments in which dummy transmitter tags were implanted in tautog of the size used in the field indicated no
mortality due to handling or the 1agging procedure. Upon moving several ‘dumnmy’ tagged tautog into a large aquarium
tank in Spring 1999, a large female and male fish began serial spawning activity. Approximately 600,000 fertilized eggs
were collected between mid-April and early June, the same timeframe during which tautog spawn in the wild. Although
not having fish culture facilities ready for rearing newly hatched fish larvae, VIMS finfish aquaculturists were able to rear
some of the tautog fty to juvenite size, several of which remain on display in the VIMS aquarium.

Manmade materials (a shipwreck and concrete structures) comprised two study sites while the others were charac-
terized by natural bedform (with outcropping “coquina rock™) and epibenthic biological materials (large sponges, clumps
of blue mussels, a large colonial bryozoan known locally as “dead man fingers”, ¢ic.). Side-scan sonar mapping and
underwater video surveys revealed that at the natral habitat sites, outcroppings and biological features were discrete
and patchy in an otherwise sandy environment. The sites occurred over depths of 8-17m (26-55 Ft.) and represented
diverse habitats available to tautog in the lower Chesapeake Bay. Two automated acoustic receivers were deployed east
and west of the perimeter of each site. Previous field studies in the same area during 1997-98 documented very tow hook-
release mortality rates for conventionally tagged tautog (<2 %), data essential to the success of this project. This latter
work was also funded by the Virginia Saltwater Fishing License Fund,

Seventy percent (23 fish) of all tautog released remained at release sites and were never detected or recapiured away
from release sites for up to 6 months (duration of transmitter battery life). Tautog remained resident near Cape Charles,
VA, tolerating a wide range of winter-summer water temperatures {5-27°C; 41-81°F). Rather than move to areas of warmer
water in the winter and cooler water in the summer, 2 pattern documented for northern tautog populations, tautog at the
Cape Charles sites remained resident at the sites, only decreasing their activity slightly in response to thermal extremes.
Resident tautog were detected daily, except during the coldest water temperatures (5-7°C; 41-45°F) in winter and after
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abrupt (3°C: 5.5°F) decreases in surface water temperature in summer. In both instances, fish likely rested deep within
structural features at cach site (such behavior wouid block transminer tag signals being detected by automated receivers).
Tautog showed a strong diurnal activity pattern. being active primarily during daviight hours (53-80% of total detection
time). but also exhibiting nighttime activity, the latter most prominent in winter and spring. Mid-April to early June is the
known spawning season for tautog lower Chesapeake Bay and offshore Virginia waters.

No inshore-offshore movement of tautog was observed. Six tautog were either recaptured by commercial or recre-
ational fishermen. or detected clectronically by surface operated hvdrophones, at sites located 2.2-10.2 km (1.2-5.5 nm)
away from their ininal capture-release sites. Taulog moved away from manmade sites only. Three tautog moved away
from a single site {Texeco Wreck, 7m/55 Ft. depth). but returned to the site on several occasions. primarily moving back
and forth to a previously unknown small structure site 2.2 kim (1.2 nm) to the south (where they were detected using a
surface hydrophone). When these tautog were not located at their release site, they were consistently detected at the
smailer site with the vessel-operated hydrophone, demonstrating high site affinity for both sites. This previously
unknown tauteg holding site showed no detectable profile on a depth finder, but through side-scan sonar was shown to
consists of a scaited group of what may be large pound net poles. Four additional tautog, detected 24-106 days less than
resident tautog, were never recaptured or otherwise detected away from the study sites; therefore, it was impossible to
determine if these fish moved out of the study area or their transmitter tags failed for some reason.

This project invoived the most extensive tracking and monitoring study ever undertaken on tautog, being the first
telemetry study of the spectes in the southern portion of its geographical range. Of particular importance. an artificiaj reef
is planned for the general vicinity in which the study was conducted. For the first time in the history of the reef program,
seasonal utiltzation of the area by tautog is known. The documented residence and movement patterns of tautog can now
be taken into account relative to design and placement of any fisture artificial reefs in Virginia waters. Another benefit of
this study is that it provided the first documentation of long term hook-release mortality in tautog, conservatively
estimated at 6.1% (if one assumes two fish of 33. detected only 9 and 11 days and never detected again, died). This
substantiates that long term release mortality is similar in magnitude to short term release mortality (1.7%) in Virginia's
recreational tautog fishery. It was critical to document that short term hook-release mortality was negliable before
undetiakinig the telemetry tagging study.

Several other studies previously funded by Virginia Saltwater Fishing License Funds (Recreational Fishing Develop-
ment Fund administered by VMRC) contributed greatly to conducting this study. Tag-recapture data from the Virginia
Game Fish Tagging Program (1995-1999) provided important background knowledge of tautog movement patterns and
assisted significantly in the design of this study. The side-scan sonar mapping project for artificial reef sites enabled us to
use a proven method for documenting and describing important physical features of the study area as well as providing
detailed digitized views of each tautog capture-release site. This information, necessary in its own right, also helped
interpret some of long-term tautog detection patterns observed from the submerged hydrophone data.

The results of the project have been well-received by the angling community and fishery researchers and managers.
Oral and poster presentations have been made by both authors before various sportfishing groups and at scientific
meetings where anglers were specificaily invited to attend. Some examples are: (1) Fishing Seminar at the Richmond Boat
Show (February 1999), (2) Coastal Conservation Association-VA Sportfishing Show (Marina Shores, February 1999), (3)
American Fisheries Society Tidewater Chapter meeting (at VIMS, March 1999; RFAB members attending), (4) results
discussed at cight Virginia Game Fish Tagging Program Tagging Training Workshops (1999 and 2000), and (5) CCA-VA
Sportlishing and Boat Show (SCOPE in Norfolk, March 2000),

Oral and poster presentations have also been made by the authors (M. Arendt being the principal and presenting
author) at the following fishery meetings: {1} American Fisheries Society Tidewater Chapter mesting (VIMS, March 1999),
(2) 15* Annual International Symposium on Biotelemetry (May 1999), (3) 1999Anaual Meeting of the Arnerican Fisheries
Society (August 1999), (4) 1" Biennial Conference on the Biology of Tautog and Cunner (December 1999), (5) National
Sympesium on Caich and Release in Marine Recreational Fisheries (Virginia Beach, December 1999; angling public
invited), (6} Symposium on Tagging and Tracking Marine Fish with Electronic Devices (February 2000), and (7) American
Fisheries Society Tidewater Chapter meeting (March 2000),



INTRODUCTION

Tautog { Fautoga onitis) is a highly prized pame fish
that is targeted by anglers fishing at structures in the mid-
Atlantic Bight {Bripgs 1977; Lucy and Barr 1994). Tautog
are distributed between Georgia (Parker 1990) and Nova
Scotia {Bigetow and Schroeder 1953), with peak abun-
dance between Massachusetts and the Delaware Capes
(Atlantic States Marine Fisheries Commission (ASFMC)
1996). Studies on age. growth, and reproduction con-
ducted for both northern (Chenoweth 1963; Cooper 1967,
Simpson 1989) and southern (Hostetter and Munroe 1993,
White, 1996; White et al. 1997} populations suggest that
tautog are long-lived, slow growing, and late maturing.
Tautog closely associate with structure as juveniles (Olla
etal. 1979; Sogard et al. 1992; Dorfand Powell 1997} and
as adults (Hildebrand and Schroeder 1928; Bigelow and
Schroeder 1953; Olla et al. 1974), thus local distributions
are predictable. For convenience, the Atlantic States
Marine Fisheries Commission recognizes a northern stock
region, from Massachusetts to New York, and a southemn
stock region, from New Jersey to Virgimia (ASMFEC 1996).
Although seasonal inshore-offshore migrations have been
reported, no evidence of large-scale north-south move-
mentexits (Cooper 1966; Briggs 1977; Lynch 1995, Bain
and Lucy 1996, 1997: Bain etal. 1998, Lucy etal. 1999).
Slow-growth rates, late age at maturity, predictable
distribution, and localized population structure suggests
high vulnerability to over-exploitation (Hostetter and
Muniroe 1993). Understanding residence, movement, and
activity patterns of tautog throughout this species’
geographic distribution is necessary for understanding
population structure and for proper management of this
TEsource.

Since the early 960s, tag-recapture studies (Cooper
1966; Briggs 1977; Lynch 1995) have attempted to address
seasonal residence and movement pattems of northemn
tautog populations. Cooper (1966) and Lynch (1995)
reported that adult tautog utilized the inshore waters of
Narragansett Bay, RI, during the spring and summer, but
moved offshore to Block Island Sound and Rhode Isiand
Sound in the fall where these fish over-wintered. Briggs
(1977) reported that adult tautog tagged in the summer at
an artificial fishing reefin Great South Bay, NY, were
recaptured in coastal ocean waters of the New York Bight
in the fall. Tag-recapture has aiso been used in Virginia in
an attempt to address seasonal residence and movement
pattemns for southern tautog populations, Between 1995-
1999, volunteer anglers in the Virginia Game Fish Tagging
Program tagged and released over 4000 tautog in the lower
Chesapeake Bay and coastal waters of Virginia. Approxi-
mately 88% of tautog, out of mare than 600 recapture
events, were recaptured at the same sites where these fish
were released, regardiess of the season {ish were re” sed
or recaptured (Bain and Lucy 1996, 1997, Bainetal. 1998;
Lucy et al. 1999; VGFTP unpublished data). Residence

patterns for adult tautog from tag-recapture studies in
both northern and southemn populations are consistent
with observations on seasonal abundance for adult tautog
from both northemn (Stolgitis 1970: Ollaetal. 1974) and
southern (Ecklund and Targent 1990 Hostetter and
Munroe 1993: Adams 1993) populations. These data
collectively suggest strong differences in seasenal
residence and movement patterns between northern and
southern tautog populations.

Although the tag-recapture methed is relatively easy to
use and enables large sample sizes of tagged individuals,
tag-recapture is not a suitable method for evaluating
residence and smail-scale movement patterns because no
information on location of tagged animals is avatlable
between times of release and recapture. Furthermore, tag-
recapture requires tagged animals be recaptured, and be
reported as recaptured, in order for any information to be
available. Fewer than 10% of all animals tagged and
released are usually recaptured {Winter 1996), thus, no
information is ever available for a large percentage of
animals tagged and released. Ultrasonic telemetry,
however, enables continuous observations to be made on
all tagped animals, in their natural environment, without
the requirement that animals be recaptured {Winter 1996},

Ultrasonic telemetry is frequently used to study
localized movements of temperate {Pearcy 1992,
Szedlmayer 1997) and tropical (Holland etal. 1993, Zeller
1997) ‘reef” fishes, and has been vsed once to study
focalized movements of tautog (Olla et al. 1974). Ollaetal.
{1974) tagged 10 adult tawtog in Great South Bay, NY,
during two consecutive summers, Tautog were collected
at night by SCUBA divers using handheld nets, tagged
externally with ultrasonic transmitters and retained in
holding tanks for several days to ensure recovery. then
retumed to the sites where these fish where originally
collected. Tagged fish were ‘tracked” for up to 80 con-
secutive hours following release, and one fish was
relocated and ‘tracked’ a second time a week after the
initial observation period. As the only telemetry study on
tautog to date, the Olla et ab. (1974) study provides
valuabte insight into short-term residence and localized
movements of tautog, as well as daily activity panerns of
this species in situ. Although a landmark study. sample
sizes were too small and observations too limited (< 300
hours single season) to understand how seasonal
residence, movement, and activity patterns of tautog
change in response to changing bietic ¢i.e. foed availabil-
ity) protective shelter and abiotic (1.e.. temperature.
photoperiod conditions).

The current study used ultrasenic telemetry to
document seasonat residence, mavement. and activity
patterns of adult tautog in the lower Chesapeake Bay. In
this study, the number of tagged fish was mcreased from
that used in Olla et al. {1974) to provide better representa-
tion of the population through larger sampie size, and total
abservation days were also increased to better understand
seasonal effects on residence, movements. and activity



patierns. The first objective of this study was to deter-
mine if tauteg remained inshore during the winter. Tautog
were previously reported absent from inshore areas when
water temperature reached 10°C (Ollaetal. 1974). Ex-
tended periods of residence at inshore sites may increase
the potential for over-exploitation of tautog due to
prolonged activity {and, thus, catchability). The second
objective was to determine if tautog that remained inshore
through the winter also remained active during this time,
Laboratory studies and direct diver observations indicated
that adult tautog became less active when water tempera-
ture declined below 10°C, and activity completely ceased
when water temperature was 2-3°C (OHa et al. 1977, 1980:
Olla and Studholme 1978; Cooper 1966; Adams 1993), The
third objective was to determine if tautog remained inshore
during the sumumer. Tautog are suggested to move to
cooler water in the summer (Cooper 1966; Bripggs 1969;
Adams 1993). The fourth objective was to determine if
tautog that remained inshore through the summer atse
remained active during this time. Laboratory studies
indicated that adult tautog became less active when water
temperature increased above 22°C(Olla et al. 1977, 1973;
OHa and Studholme [978). The fifth and final objective of
this study was to document and describe movement

patterns of tautog within inshore study sites and between
inshore study sites and offshore locations where appli-
cable.

MATERIALSAND METHODS

Study Site Selection and Description

Tautog were caught, tagged, and reteased at four sites
{("Texeco Wreck™, “Airplane Wreck™, “Coral Lump™, and
the “Ridged Bottom") situated within a 1.5 km x 6 km study
area near Cape Charles, Virginia {Fig. 1). A recent study
on catch-release mortality indicated that these sites
supported large numbers of adult tastog (Lucy and
Arendt 1999). Sites were also selected in order to evaluate
seasonal tnshore residence and movement patterns prior
1o construction of an artificial reef nearby (Meier, pers.
cormm.).

With cxception of the Texeco Wreck (located in a Bay-
stem plain), all sites were located in a Bay-stem margin/
backbarrier flat as described in Wright et al. (1987). A Bay-
stem plain consists of flat, relatively featureless bottom
topography and a Bay-stem margin/backbarrier flat is
characterized by sand flats and deep, mud-bottomed
channels (Wright et al. 1987). Smith-MacIntyre Bottom
Grab samples collected at these sites were described
{Hobbs pers. comm.) as sand, mud,
shell, or rock material {Table 1). Side-
scan sonar (Sea Scan Technology, Ltd.)
was used to measure dimensions of the
four study sites and to map the sur-
rounding seafloor. The Ridged Bottom
and Coral Lump sites (Fig. 2ab)
consisted of natural bedforms and were
located in 8- 10 m of water. Otter trawl,
oyster dredge, and underwater video
(Benthic Imaging Sled, VIMS Benthic
Ecology Unit) indicated that these
natural bedforms (Fig. 3a) were popu-
lated by dense benthic macro-fauna
{Table 2, Fig. 3b,c). The Texeco Wreck
(shipwreck) and the Airplane Wreck
{concrete rubble} were located in

Fig. 1 Location of study sites near
Cape Charles, VA. The Texeco Wreck
(TX) is located in a Bay-stem plain
(Wright et al., 1997) west of the
Susquehanna channel, in 18 m of water.
The Coral Lump (CL), Ridged Bottom
(RB), and Airplane Wreck (AW) are
located in a Bay-stem/backbarier flat
(Wright et al, 1997) in 8-15 m of water,
east of the Susquehanna channel

(40 m deep).



15-18 m of water (Fig. 2¢,d) and also supported dense
benthic macrofauna communities Fig. 9.

Ultrasonic Transmitters and Transmitter Attachment
V-16-1H-R256 coded transmitters (l6mmx48mm;9¢g
in water;, Vemco, Ltd.) were used in this study. Codes for
these transmitters consisted of six ultrasonic pulses: three
activation pulses and three unique identifier pulses. Two
versions of transmitters were used. Fixed-rate coded
transmitters (FCODEY) were set on four trequencies (60, 63,
72, and 75 kHz) with code repeat intervals of' 6, 8, 10, and
t2 seconds, respectively. Due to the rapid time interval
between code transmissions and the fixed-rate nature of
signal transmission, these transmitters were used for

obtaining positional fixes on fish. Manufacturer estimates
for battery lives for FCODE transmitters ranged from 26
days (6-second repeat) to 40 days { 12-second repeat).
Random-repeat coded transmitters (RCOIDE) were seton a
single frequency {69 kHz) and time between code transmis-
sions varied between 45 and 75 seconds. Due (o the
random-repeat nature of these transmitlers and the lang
delay between code transmissions, multiple transmitters
set on a single frequency were easily distinguished. The
long delay between code transmissions in RCODE
transmitters also extended battery life to

111 days.

Chesapeake Bay, February 1993,

Site Sand

Texeco Wreck Brown
Airplane Wreck Brown
Coral Lump Brown
Ridged Bottom Brown

Table 1 Gross categorization of sediments collected with Smith-MacIntyre Grab Sampler at study sites in lower

Mud

Yes
Yes
No
No

Shell Rock/Type
No No

No No

Large Coquina
Hash Gravel

6 December 1598.
Taxon

Sertularia sp.
Alcvinidium verilli
Chaetopterus sp.
Cliona celara
Leptogorgia virgulata
Microciona praolifera
Myiilus edulis

Spisula solidissima
Meilita sp.

Crepidula sp.

B. carica or B.canaliculatus
Caprilid amphipod
Limulus polyphemus
Xanthidae

Papuridae

Majidae

Table 2 Benthic macrofauna collected from oyster dredge and otter traw] tows near Cape Charles, VA, in the
lower Chesapeake Bay, June 1998, An asterisk (*) denotes specimen collected with R/'V Langley anchor,

AW L RB
X X X
X X X
X
X X
X X
X
X X X
X
X
X
X X
X X
X
X X X
X




A. CORAL LUMP (CL)

Dimensions: 300 mx 100 m

Area: 3000 m?
Relief: im
Depth: 10.Tm

C. TEXECO WRECK (TX)

Dimensions: 100 mx30m

Area: 1600 m2
Relief: Tmto35m
Depth: 16.8 m

B. RIDGED BOTTOM (RB)

Nl

¢

Dimension: 120mx30m

Area: 1900 m?
Relief: i1m
Depth: 85m

D. AIRPLANE WRECK (AW)

Dimensions: 40 mx 20 m

Area: 300 m?
Relief: 1m
Depth: 13.7m



Fig. 2 [opposite pagef Side-scan sonar tmages of natural (3 = Coral Lump: b = Ridged Rottom} and manmade (¢ = Texeco
Wreck; d = Airplane Wreek) sites, near Cape Charles, VA, in the lower Chesupeuke Bay, Wote: vertical line through center
of image for the Coral Lump represents the path of the side-scan “fish™; battom features cccurring within 75 m swaths to
either side of the “fish’ were mapped and recorded.

Fig. 3 In Situ photographs (Benthic Imaging Sled, VIMS Benthic Ecology) of bedform matertal
(a) and macrofauna (b = Mynilus edulis{next pagel; ¢ = Clionu celata [next page]) from the Ridged Bottam study site,
June 1998,

A







Fig. 4 Photographs of Cliona celata attached to section of the Texeco Wreck. Specimen collected with RV Langley
boat ancher, 6 December 1998,

~d



Surgical implantation of transmitters was sclected
based on the eriteria of long-term transmitter retention.
Surgical implantation was used with similar sized ‘reet”
fish (Mathews 1992, Pearcy 1992, Holland et al. 1993,
Szedlmayer 1997), but had not previously been used with
tautog. Surgical procedures and behavioral and physi-
ological effects of tagging were evaluated using ‘dummy’
transmitters i a controlled, laboratory setting betore
commencing actual field studies. Transmitter signal
attenuation was evaluated using actual transmitters. All
surgical procedures were appreved by the Research on
Animal Subjects Commitiee (RASC Y at the College of
William and Mary.

Tautog were caught using standard recreational angling
gear, tagged, and released at the same sites where they
were caught. After being brought o the surface, fish were
netted, placed in an aerated livewell, and observed for up
tor two hours before attaching transmitters. Total length
{rmm) and sex of cach fish were recorded. Males were
identified by a pronounced white chin. blunt forchead,
solid black to gray caloration on the upper half of the
body with white undemeath. and a small white circle
lateratly, immediatety ventral to the dorsal fin { White 1996).
Females were identified by a less pronounced chin, sloped
forehcad, and a2 mottled brown coloration (White 1996),
Afier {ength and sex were recorded, a small t-bar internal
anchor tag (TBA2, Hallprint M{y.) used by the Virginia
Game Fish Tagging Program (VGETP) was placed in the
anterior dorsal musculature. Fish measuring less than 400
mm Ti, were considercd too smali for inclusion in this
study and released. The mintmum size limit of 400 mm T1,
was chosen to increase the likelihood that transmitters
weighed less than 1.25% of fish’ body weight in water
(Winter 1996). Size-weight relationships for tautog in
Virginia waters were previously determined (Hostetter and
Munrog 1993, White 1996, White etal. 1997). Fish were
also considered unsuitable for inclusion in this study it
excessively heavy or shallow respiration was observed, if
excessive blezding resulted from hook wounds, or when
the body cavity of fish were too swollen (1.c.. swim bladder
expansion, gravid females) to surgically implant ransmit-
ters.

Coded transmitters were surgically implanted into
suitable tautog. Before beginning surgery. transmitters
were activated (wires cut and twisted together) and the
activation wires soldered together. Quick sefting epoxy
was used to round both ends of the transmitter to remove
rough edges. A 850 REWARIY™ label (containing the
transmitter identification number and a phone number to
call} was applied 1o each transmitter and covered with
clear tape to prevent disintegration of the reward label.

The first step of the surgical procedure was anesthesia.
Tricaine methanesulfonate (MS 222) was sefected because
of its ability to induce level four anesthesia required for
surgery (Mattson and Ripple 1989, Prince et al. 1993),
iower mortality rates compared with other anesthetics

{Schrarmm and Black 19843, and short recovery times
following exposure {Matison and Ripple 1989). Fish were
placed in a small. plastic tank containing 323 mg MS 222
per liter of ambient seawater, Eish remained immersed in
anesthetic solution until loss of equilibrium and lack of
responsg to gentle abdominal probing, indicating fish had
reached level four anesthesia (Mattson and Ripple 1989,
Prince et al. 1995).

Gnce anesthetized, fish were removed from the tank and
placed upside down in a V-shaped operating trough. An
assistant poured actated. ambient seawater containing
150 mg MS 222 per liter of seawater over the gills through-
out surgery to keep fish anesthetized, to supply oxXygen to
fish, and to keep the gills hydrated. Betadine was used to
clean the area where the incision would be made. A
sterilized, disposable razor blade was used to SCTape away
scales and to make a small incision (39 mm) just dorsai to
the ventral midline, between the anus and the pelvic girdle,
on the lett lateral side of the tish. The peritoneum was
pierced with the surgeon’s index finger. After the perito-
neumn was pierced, the incision area was flushed with
Betadine. Transmitters were inserted into the body cavity
with the transducer end forward (Fig. 5). Transmitters
were sterilized with 709 Ethanol and coated with sterile
minerat ¢il, which promoted immune response to the
transmitter. Before incision closure, the incision area was
again flushed with Betadine.

Incisien closure was accomplished using three materi-
als: sutures (Poppe ct al. 1996, Thoreau and Baras 1997,
Sredlmayer 1997), staples (Mortensen 1999, Holland et al.
1993}, and adhesive {Bart and Dunham 19940, Nemety and
MacMillian 1998). Braided, polyglyvcolic acid sutures with
polycaprolate coating (Dexon®, Sizes [-11) and a reverse
cutting needte (CE-6, 24 mm) were passed through the
dennis and musculature to close the incision {9 Tam thick).
‘Two to three stitches were made and the sutures tied off
with a square knot. Five to seven human skin staples
(Promimate Plus M[3 35W. Ethicon Endo-Surgery) were
then used to bind the dermal edges (2mm thick) of the
incision. Afier stapling, the incision area was blotted dry
with sterile gauze and poly-acrolyate adhesive glue (Krazy
Glue®) applied to the incision. Adhesive was allowed to
set for 10 seconds before transferring fish from the
operating trough to 2 level surface for administering
antibiotics, additional external tagging, and anesthetic
revival.

Antibiotics were included to increase the probability of
post-surgical survival { Schramm and Black {984, Poppe et
al. 1996, Bart and Duntham 1990). A single 0.5 m! dose
{George. pers. comm.) of an oil-based antibictic (NuFlor®)
was intramuscularly injected near the caudal peduncle on
the left ventro-lateral side of the fish. A “$50 REWARIY
t-bar internal anchor tag {(SHD-93, Floy Mfa ) was then
placed in the dorsal musculature, anterior to the VGFTP
tag, After the "REWARD™ tag was attached, fish were
revived in an aerated livewell. Revival techniques



consisted of manually moving ancsthetized fish back and
forth through the livewell and holdmg fish under the

aeration device to facilitate water flow over the gills. Fish
were considered revived when they showed resistance 1o

being held. Fish were released shortly after being revived.

Public Awareness of Study

Extensive efforts were made to increase the probability
that ultrasonically-tagged tautog were reported to us if
caught, In addition to the two “$50 REWARD" notices
associated with each ultrasonically tagged tautog
released, several other public awareness measures were
employed. Large, colorful "REWARD™ posters describing
the study objectives of the project and explaining how to
recognize ultrasonicaily tagged tautog were displayed at
over 40 bait and tackle shops, boat ramps, and marinas
throughout the lower Chesapeake Bay (Fig. 6a,b). Black
and white reprints of the “REWARD” poster and a cover
letter describing the project were sent to all 140 partici-
pants in the Virginia Game Fish Tagging Program, and
color reprints of the poster were sent 1o the top tautog

angiers in the program. An anticle describing stxdy
methodology and objectives was featured in The Cresi),
the offictal newsletter of the Virginia nstituze of Marine
Science (Arendt 1999). Finally, several live tautog used to
evaluate agging cffects were displayed in the VIMS
Aguarium and Visitor’s Center during a fundraiser in
January 1999 and between April-August 1999, While on
display, a computer slide-show and several posters
describing the study were available to visitors.

Detecting Ulprasonicalthy-Tagged Tawtog

AVRA0 receiver (Vemco, Lid.) and two acoustic
hydrophones (V10 directional and VH6S ommi-directional,
Vemeo, Ltd.} enabled detection of ultrasonically tagged
tautog from aboard the R’V Langley. Both hydrophones
were mounted at the base of an alaminum pipe (3.7 mx 3.2
cm). To reduce background noise and electromagnetic
interference, hydrophones were wrapped in electrical tape
and separated (30 cm) from the aluminum pipe by a rubber
hose clamp. A larger diameter steel pipe (1.25mx 5cm)
encompassed the aluminum pipe and was lashed to a

Fig. 8 An ultrasonic transmitter surgically implanted into the visceral cavity of an anesthetized tautog. Transtmitters were
placed in the body cavity with the transducer-end of the transmitter facing forward.




Fig. 6 Poster used to advertise ultrasonic telemetry study on favtog in the lower Chesapeake Bay. A $50 reward was
offered for information regarding recapture of ultrasonically tagged tautog. “Reward™ posters (a) were displayed at over
40 bait and tackle shops. boat ramps, and marinas throughout lower Chesapeake Bay (b).

A

$50 CASH REWARD

- EXTERNAL T-BAR TAG

Approximate Size Shown

INTERNAL TRANSMITTER TAG
Approximate Size Shown

Staple -~

Ultrasonically Tagged Tautog

*The Virginia Institute of Marine Science is studying activity patterns of
tautog in lower Chesapeake Bay using ultrasonic transmitter tags.
Transmitter tags are surgically inserted into the body cavity of the fish.
Green external tags are placed on ieft side of body, below the dorsal fin.

*When you catch tautog, look for green tag and/or incision mark.

«if you catch a specially tagged tautog, KEEP FISH and record:
tag number, date and exact location caught. Call immediately.
We must examine tautog intact and in fresh condition for reward.

«For more information, call VIMS Marine Advisory Program:
Mike Arendt (757) 885-5751 pager; (804) 684-7647 office
Jon Lucy (804) 684-7166 office

*Project funded by Recreational Fishing Development Fund, Virginia
Marine Resources Commission and VIMS/College of William and Mary.
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stanchion railing on the starboard side of the boat. The
orientation of the aluminum pipe inside ol the outer pipe
enabied the directional hydrophone to be rotated 360~
degrecs about a vertical axis. Physical focation of hydro-
phones was approximately 1.5 m below the water surface
and 0.3 m below the kecl. The hydrophone mount was
located slightly forward of starboard mid-ships, within 1 m
(laterally) of the differential Globat Postuoning System
(GPS) receiver anicnna. Location of the hydrophone
mour cnabled visual communication between the boat
captain and the hvdrophone operator.

The hydrophone operator was audibly connecied to the
VRE0 receiver, which remamed inside the main cabin of the
boat. The VRAO receiver recorded transmitter number.
date, and time of detection. Recognition of all six pings
associated with a transmitter code was necessary for
transmitter identification. A switch box attached to the

o General Location of
Reward Posters

h

VR6( receiver enabled the hydrophone operator to select
cither of the two hyvdrophones. The omni-directional
hydrophone was first used to determune presence/abscace
of fish (FCODE and RCODE}. Detection radius for the
ommi~directional hydrophong was approximatels 200 m.
Linear transcets over the cenier of each site and circolar
courses around the perimeter of each site were conducted.
Fish not detected within 20 minutes nere considercd
absent. The directional hvdrophone was vsed w deter-
mine the phivsical positton of FCODE fish. Detecnon
range for the directional hvdrophone was approximately
100 m. After determining the orientation of the fish
relative to the boai, the boat was moved closer to the fish.
As the boat approached the fish. the Indrephione operator
rotated the hvdrophone umtil no~dircctionality of the
signal was detected. When no-directionality of the signal
was detected. the hvdrophons was assumed Lo be directly



over an uftrasonically tagged tzutog and date, time and
position (differential GPS co-ordinates) were recorded.
Differential GPS co-ordinates were considered tobe
accurate within 2 m of true position (<} m error for GPS
antenna. plus an additional 1 m lateral scparation between
GPS rceeiver antenna and hydrophone mounty,  Physical
positions for RCODE fish werc not determined because of
the long duration (45-75 seconds) between signals and
because of the inability to isolate individual fish on the
same frequency {69 kHz).

Ultrasonically tagged tautog were also detected using
VR acoustic recetvers (Vemco, Lid.). These receivers
contained an omm-directional hvdrophone and functioned
as unattended. automated data loggers. VR receivers
were deployed 100-150 m to the west and cast of the
pertmeter of each of the four sites. Detection radius for
each receiver was approximately 400 m. Detection arcas
for cach of the two receivers overlapped and creaied three
distinct transmitter reception zencs: a central reception
zone shared by both receivers and two peripheral recep-
tion xones unique to each receiver (Fig. 7). VR receivers
were moored |.5-3 m above the seaftoor to provide a clear
line-of-sight for transmitter sigual reception {ic. . posi-
tioned above the ‘structure’ associated with cach site) and

to elinunate acoustic interference from suspended material
associated with strong bottom currents. Mooring units
consisted of a railroad wheel (227 k). stainless steel
aircraft cable (0.64 om;, 7x19 strand), and sub-surface and
surface floats (Fig. 8).

Data from VR receivers was downloaded approxi-
mately every six weeks. Maximum memory for receivers
was 150000 detections. Receiver data (transmitter
identification, date and time of detection) was downloaded
directly to a shipboard personal computer using a VR1-PC
cable interface (Vemeo, Ltd.). Recognttion of all six “pings”
assoctated with a ttansmitter code was necessary for
transmiiter identification. When moering systems were
intact. two hydraulic whips were used in tandem {standard
rigging) o bring cach mooring unit aboard the R/V
Langley for servicing and downloading receiver data.
When mooring uniis coutd not be retrieved from the
surtace, VR receivers were retrieved using SCUBA divers
from the VIMS Dive Team.

Both receiver types { VR6O and VR1) required a clear
line-of-sight between the hydrophone and tagged fish in
order to detect tagged fish. Because the VR1 receiver was
moored in a fixed postition, clear line-of-sight between the
VRI receiver and tagged fish was dependent on the

Fig. 7 Central and peripheral reception arcas for VR1 receivers. Detection radii (400m) for both receivers were overlapped
to create an area of dual receiver coverage (central reception area) and two unique coverape areas (peripheral reception
arcas). Receiver configuration enabled rough cstimaies of posittons on tagged tautog to be made.
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activity of tagged fish. Clear linc of sight is compromised
and ultrasonically tagged fish arc much more difficult to
detect when these fish hide in, under, or behind structured
material (Bradbury et al. 19951997, Matthews 1992).
When residing in, under, or behind structurcd material
{presumably inactive), ultrasonically tagged fish should be
detected less (or not at all) by VR receivers than when
tagged fish are away from structure (preswmably active).
Becanse the VR60 was operated from a mobile platform,
clear line-of-sight between the fish and the receiver was
less dependent of the activity of tagged fish. Moving the
position of the receiver telative to the position of 1agged
fish should provide a clear line of sight between the
receiver and lagged fish.

Given these fundamental differences in operating
characteristics between receivers, VR60 detection records

and VR1 receiver detection records should be more similar
when fish were active and less similar when fish were
mactive. To test this idea. detection

records from both receiver types were compared for
percent agreement. When the ime of an individual
detection listed in the VR60 receiver record was also Listed
in a VR1 receiver record (< 3 secands apart}. both
tecetvers were considered to have detected the same
transmifter cmission.  Thirty seconds was selected as the
cut-off time for determining detection of the same transmit-
ter enussion because it is less than (he miminmes Gme
interval {45 seconds) between transmitter enussions. and
because it allows for slight differences in the clock
settings between the VRGO and VR receivers. A Chi-
Square Contingency Test (Minitab Release 12.1. Minitab
Inc.) was used o test for differences in the ratio VR6D

Fig. 8 VRI rcceiver mooring wnit design. Moering units consisted of a railroad wheel, stainless steel aircrafl cable. and
sub-surface and surface floats. VRI receivers were shacklied to a section of aircraft cable 1.5-3 m gbove the raitroad

wheel.
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detections recorded by VR receivers versus not recorded
by VR1 recetvers between day (0600-1859}) and night
(1900-055Y) hours.

Residence

Long-term residence (between seasons) was evaluated
for RCODE fish. A single factor Analysis of Vanance
(Excel, Microseft Corpuration) was used to test the nuit
hypothesis of no difercnce in the number of resident days
among four sitcs. Resident davs were classified as such
cither when a fish was detected at least 30 timnes during
that day (eastern and western VR receivers combined) or
when there was at least one hour of the day during which
2 10 detections (or multiple hours with > 3 detections)
occurred. Ten detections per hour was approximately
equal to one detection every six minutes, thus, 30 detec-
tions per day was approximately equal to one detection
every 1.2 minutes for six consecutive hours. A Chi-squarc
confingency test (Minitab Release 12,1, Mintab Inc.) was
used to test the null hvpothesis of no difference in the

number of low detection days (<30 detections/day)
between seasons.

Seasons were defined by distinct relationships between
surface water temperature and photoperiod (Fig. 9). Inlate
fall‘early winter, both temperature and photoperiod
decreased to annual minimum values. In winter, tempera-
ture rentained at mintmum values and photoperiod
increased. In spring, both temperature and photoperiod
increased. In late spring/early summer, both temperature
and photoperied increased to annual maximum values, In
late summer, temperature remained at maximum values and
photoperiod decreased. Datly mean surface water
temperature was computed from hourly observations at
the Chesapeake Bay Bridge Tunnel (www.co-
ops.Nos.Boda. gov) for the entire study. Bottom water
temperatures fxom water samples collected with a Niskin
bottle were measured using a digital thermometer. Be-
tween late March and carly October. mean daily bottom

Fig. 9 Temperaturc and photopeniod seasons (Nov 1998 — Sep 1999). During late fall/early winter (9 Nov 98— 14 Jan 99,
66 days). surface water temperature and photoperiod decreasc to annual minimum valucs (A). During winter (15 Jan 99 -
2F Mar 99, 65 days), surface water temperature remains at annual minimam values as photoperiod increases (B). During
spring {22 Mar 99 - 27 May 99, 66 days). surface water temperature and photoperiod both increase during the spawning
season (C). During late spring/early summer (28 May 99 - 5 Aug 99, 69 days), temperature and photoperiod both
increase to annwal maximum valies and spawning has ceased (D). During late summer (6 Aug 99 - i2 0Oct 99, 34 days),
surface water temperature remains at annual maximetn values and photoperiod decreases (E).
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water lemperature was computed from bi-hourly observa-
tions from an automated termperature logger (Tadbic, Onsct
Corp.) attached to the castern VR1 receiver at the Airplane
Wreck. Surface water temperature was not poticeably
different from bottom water temperature (Fig. 1¢). No
temperature stratification in the summer was consistent
with depth-temperature profiles recorded for this area
during the summer between 1997-1999 (Grubbs unpub-
lished data) and with convergent eddy circulation patterns
suggested for this area (Hood et al. 1999). Daily photope-
riod (sunset — sunrise} was obtained from the Plantation
Flats Current Meter Station (Tides and Cusrents V2.0,
Nawtical Software Inc.).

Shert-tenm residence (within season) was evaluated for
FCODE fish. FCODE fish were only detectable with the
VR60 receiver, thus residence during the time interval
between trps to sites could not be determined. FCODE
fish were considered resident for a particular day il
detected at fcast once during that day. Descriptive
staistics were used to evaluate short-ierm residence of
FCODE fish.

Movements
Movements were classified as such when tagged fish
were reported recaptured away from release sites or when

fish were detected (VRG( andior VR receiver) at sites
other than where released. Directionahty of movements,
distance traveled. and rates and frequencies of movements
were eviluated. A Chi-square contingency test (Minitab
Release 12,1, Minitab Inc.) was used to test the null
kvpotheses of no difference between the number of fish
that moved away from natural versas manmade sitcs. A
Chi-square contingency test (Minitab Release 12,1
Minitab lnic.) was used 10 test the nuli hypothesis of no
difference between the number of fish that moved away
from northern study sites (Airplane Wreck and Ridged
Bottom) versas southern study sites {Coral Lump und
Texcco Wreck). Scatter plot analysis (Excel. Microsoft
Corporatien) was used to compare percent movement of
fish (#fish that left site / #fish reicascd at sitc) with size
{area in m’} of each site. Maximum distance between
positional fixes™ and area (mn. convex polvgoa, m')
between positional “fixes” for FCODE tautog were exam-
ined using the Animal Movements Extension to ArcView
1.1 (Hooge and Eichenlaub 1998).

Diel dcnivity

Histograms of total hourly detections for individual
RCQDE fish wete created from VR receiver data (Excel,
Microsoft Corporation). Mgan hourly detections (1. sum

Fig. 10 Surface water temperature from the Chesapeake Bay bridge tunncl (17 1sland} versus boftom water temperature
near Cape Charles, VA (Niskin bottle samples and automated temperature fogger at the Airplane Wreck). No evidence of
tempcrature stratification was detected. consistenl with depth-temperature profiles fron: Cape Charles 1o summer 1997-

1994 (Grubbs, unpubiished data).
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of detections for all fish in one hour / number of fish
detected in that hour) were subjected to Fourier analysis.
Fourier analysis, a type of harmonic mean analysis, is a
decomposition of a time series into the sum of its sinusoi-
dal components and is used to detect periodicity
(Bloomfield 1976). Periodicity was determined by dividing
each Fourier frequency (number of cycles in the time
series) by the total number of observations used in the
Fourier analysis. For example, a Fourier frequency of 171
based en 4096 consecutive hours of observations
corresponded to a 24 h periodicity (4096 h divided by 171
cycles equals repetition every 24 h). Amplitude was
plotted against Fourier frequency to graphically illustrate
periodicity among Fourier frequencies.

A One-Way Analysis of Variance (Excel, Microsoft
Corporation) was used to test the null hypothesis of no
difference between the number of day and night detec-
tions among seasons. In order to compare day and night
detections on a relative scale, a detection index was
created. Daily detection indices were created by dividing
the total number of day detections (from hourly histo-
grams) by the total number of daylight hours, and the total
number of night detections (from hourly histograms) by
the total number of nighttime hours. Daylight hours for a
particular season were based on mean daily photoperiod
for that season. In latc fall/early winter, daylight was
defined as 0700-1659 hours {10 h), Daylight hours for
remaining seasons were defined as 0700-1759 hours (11 hy),
0600-1959 hours (14 h), 0600-2059 hours (15 h), and 0600-
1959 hours (14 h) for winter, spring, latc spring/early
summer, and late summer, respectively. Nighttime hours
were defined as the difference between 24 hours and the
number of daylight hours. The difference between day
and night detection indices were computed for each fish
for every day fish were detected (fish-days). For example,
five fish detected on a given day was equal to five fish-
days.

Chi-square contingency tests (Minitab Release 12 1,
Minitab Inc.) were used to test the null hypothesis of ne
difference in the frequency of fish-days with a particular
detcction pattern between seasons and between lunar
phase (obtained from the Plantation Flats Current Meter
Station, Tides and Currents V2.0, Nautical Software Inc.).
Daily detection patterns for RCODE fish were subjectively
determined frem graphs of hourly histogram data. Daily
detection patterns (for cach receiver separately) were
classified as one of four types: diurnal, spike, shiit, or no-
pattern. A “diurnal” pattern consisted of detections
between 0400-2059 hours, that when graphically illustrated
had a general shape similar to a bell-shaped curve. A
“spike” pattern consisted of a basic diurnal pattern, but
there was at least ong hour between 2 100-0339 hours
during which 210 detections were recorded. A “shift”
pattern contained the basic curve associated with the
“diurnal” and “spike” patterns, but detections were not
restricted to 0400-2059 hours. A “no pattern™ classification

was assigned when no pattern was detectable between
0000-2359 hours. For analyses, data from one receiver

only was used. One receiver was selected over the other
receiver at a particular site according to whichever receiver
recorded a more distinct detection pattern. Distinctness of
detection patterns progressed from “diumal” (most
distinct) to “'spike” to “shift” to “no-pattern” (least
distinct).

Scatter plot analysis (Excel, Microsofi Corporation) was
used to evaluate the effects of current speed (cmy/s) on the
number of detections per hour between 0800-1659 hours.
Hourly current speed measurements were obtained from
the Plantation Flats Current Meter Station (Tides and
Currents V2 0, Nautical Software Inc.). Differences in
current speeds were computed for six, three-hour intervals:
1600-1300, 1500-1200. 1400-1100, 1300-1000, 1200-0900, and
1100-0800. Differences in hourly VR1 detections were
compuied for the same six, three-hour intervals.

RESULTS

Transmitter Attachment (Evaluation)

Two groups of tautog were used to evaluate surgical
implantation procedures, behavioral and physiological
effects of surgical implantation, and transmitter signal
attenuation. In June 1998, 12 tautog were caught at an
undisclosed wreck southwest of Cape Charles, VA. In
October 1998, 7 tautog were caught at the Coral Lump and
Ridged Bottom siics near Cape Charles, VA. All tautog
were transported to VIMS in aerated coolers and trans-
ferred to 1500 L aquarium tanks on the VIMS Qyster Pier
(sand-filtered seawater, flow-through design). Tautog
were acclimated to captivity between 3-6 days (October
group) and for three weeks (June group) before attempting
surgeries. Fish were divided into three treatment groups:
implanted with ‘dummy’ transmitters (n=9), sham-implanta-
tion (n=3), and treatment controls (n=7).

Surgical implantation of transmitters in tautog proved
to be fast and feasible. Anesthesia, surgery, and post-
surgical recovery times (mean + std.dev.) for implant and
sham-implant fish were 6 + 3 minutes, 6 & 2 minutes, and 2

+ 1 minute, respectively. Transmitter retention was 100%
for all nine implanted fish (Table 3). Mortality was minimal
for fish > 400mm TL (Table 3). Zero mortality was
observed for sham-tag fish (330-430 mm TL) or controls.
No evidence of substantial signal attenuation due to
internal implantation of transmitters was detccted {Table
3).

Surgical implantation of transmitters in tautog proved
to be biologically compatible. Fish appeared to be fully
recovered (feeding, swimming) within two days posi-
surgery, and differences in behaviors (feeding, swimming,
social) of implant and sham-implant fish were indistin-
guishabile from non-implant/sham-implant fish (Table 3).
Necropsy examination of implant and sham-implant fish



from the October group  16-45 days post-treatment)
revealed no evidence of tissue trauma or organ dysfunc-
tion related to transmitter implantation (Table 3). Transtait-
ters were completely encapsulaied in mesentery within 43
days post-implantation (Fig. 11}, Transmitters did not
interfere with reproduction { Table 3}, Two male (both
implanted fish) and three female fish (conirols) from the
June group were transferred to a 3000 L tank in the VIMS
Aquarium and Visitor's Center after courtship behavior
relfated to spawning was observed in a smaller tank on the
Ovyster Pier. Approximately 600,000 ferfilized eggs were
collected between mid-April and early June (Tellock, pers.
comm.). Eggs were reared to juvenile forms and main-
tained in the VIMS Hatchery. The smalier male fish died
(296 days post-implantation) from wounds inflicted by the
larger male fish in order to prevent the smaller male fish
from participating in spawning activities. The dominant
male and the three femates were released 122 days later
{418 days post-implantation}.

Detecting Ulrasonically Tagged Fish

All release sites were continuousty monitored by VRI
receivers between @ November 1998 and § August 1999,
except for a two day peried (10-12 December 1998) when
receivers were not at sites due to a logistical problem.
Receivers were deployed at sites on 34 different occasions
and retrieved on 53 occasions (98% recovery tate). VIMS
divers were required to retrieve VR receiverson 13
occastons, representing 25% of total recovery efforts and
23% oftotal data from VR receivers, Comparison of VR60
receiver detections (n=1774) with VR receiver records
revealed significant differences between day and night
(Chi-square, p<0.05, Table 4). VR receivers recorded 50%
of VR0 detections during the day), but only recorded
27% of YR6( detections at night, suggesting acoustic
interference from structure was greater at ntight.

October 1998,

Sample Size
Transmitter Retention
Mortality

Signal Afttenuation
Altered Behavior?
Anatomy Compromised?

Repreduction Compromised?

Table 3 Logistical practicality and biological feasibitity of surgical implantation of ultrasonic transmitters (16
x 48 mm; 9 g in water} in adult tautog (n=9; 330-451 mm TL}) collected in lower Chesapeake Bay in June and

06 JUN 1998 - 26 OCT 1998 -
23 AUG 1999 20DEC 1998
(5-30°C) ({10-18°C)

5 4

1000 100

60%* (Eors

No Not Evaluated
No No

Not ¢vahuated No

No

*2 fish <404 mm T1. died within 48 hours post-implantation; 1 fish >400 mm TL died 37 days post-
implantation when water temperature was 30°C. Al other fish >400 mm TL survived until euthanized
for necropsy (16-45 days), killed by intra-spectes interactions (296 days), ot uniil released (418 days).

Not Evatuated
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Table 4 Chi-square contingency test for detection agreement, VR6( vs, VR I receivers.

Day Night Total

{0600-185%hrs) (1990-055%hrs)
VR1 Recorded 43 128 771
VR1 Did Not Record 653 350 1003
Total 1296 478 1774

H_: No Difference in VR60 detections recorded by VR receivers between day and night houss,
Chi-sq=74.109, df=1, p<0.05 (Significant)

Fig. 11 Complete encapsulation of ‘dummy’ transmitter in intestinal mesentery, 45 days post-surgical implantation of
transmitter into a tauteg (445 mm TL) used to evaluate surgical implantation procedure.




Swmmary of Tautog Released

Thirty-three adult tautog (400-514 mm TL) were tagged
with ultrasonic transmidters and released (19 in fall 1998, 14
in spring 1999} near Cape Charles, VA (Table 5. Twenty-
seven tautog were male: three female tautog wese tagged
in both falt 1998 and spring 1999. Sevenleen taulog were
relcased at manmade sites and 16 tantog were refeased at
natural sites. Two taulog tagped and released with
ultrasonic transmitters were previously tagged-released as
part of the Virginia Game Fish Tagging Program. Mean
ancsthesia, surgery, and post-surgical recovery times for
fish implanted with actual transmitters were compatrable
with times for fish implanted with "dummy’ transmitters.
Anesthesia, surpery, and post-surgical recovery times
(mean + std. dev.) were 4 + t minute, 2+ 3 minuies, and

3 £ 2 minutes. respectively. Post-release recovery for
RCODE fish was evaluated with VR1 recenvers. Post-
release recovery was denoted by irregular detection
frequency prior to the onset of a consistent diet detection
pattern (Arendt and Lucy, 2000). Post-release recovery
(mecan ¥t std.dev.y was 3.5 £ 1.5 days (range, 1.5107.4
davs) for 15 RCODE fish released tn fall 1998 and 2.0£1 9
days (range, 1 to 6.8 davs} for 11 RCODE fish released
spring 1999. Nine tautog released were recaptured 114-211
days later. These recaptured fish confirm long-term
survival, incision healing (Fig. 13}, transmitter encapsula-
tions (Fig. 1), feeding (Fig. 143, and overall good condition
of fish tagged and released with ultrasonic transmitters.

1)) Code Site TL Sex
I RCODE L 432 M
13 RCODE a 406 M
19 RCODE T 495 F
20% RCODE ™ FA) M
2t ROODE RB 206 M
n RCODE RB 400 M
PA RODDE AW 483 M
pi | RCODE AW 432 M
25 RCOODE L 332 M
2% RCODE L 00 M
27 RCOODE TX 514 M
2% RCOCDE TX 413 F
2 FODDE X 45 F
29+ RCODE AW 400 M
0 ROODE AW 414 M
3 FCODE AW 495 M
3 RCODE EB H5 M
32 RCODE RB 419 M
14 FCODE RB 419 M
4 FOODE TX 432 M
6* FCODE ™ 457 M
Kk} ROODE ¢ 406 M
5 FCODE (& 432 M
34 ROCDE a. 432 M
35 ROODE T 445 M
3% RCCDE TX — M
37+ RCODE T H45 F
38+ ROCDE a. 483 M
39% ROODE a 483 F
40+ RCOODE L 432 F
41 ROODE AW 445 M
42+ RCODE RB 406 M
E ¢! ROODE RB 406 M

Table 5 Summary of data for 33 adult tantog (400-514 mm TL) tagged and released with ulrrasonic transmit-
ters near Cape Charles, VA, in fall 1998 and spring 1999, An asterisk (*) denotes recaptured fish. For
recaptured fish, the date last detected is actually recapture date and dayvs detected is days at large.

Released Last Detected  Days
11/09/98 05/10:9% 183
11/09/98 05/02/59 175
11/10/98 04/24/99 166
11/30/98 (47277450 164
11710498 G2/17/99 Juxi
1171098 (G54R99 180
11/13/98 42899 167
11/33/98 04/20/99 159
12/03/98 0607499 187
1203/98 UHA290 182
12/04/98 G5/30/99 178
12/04/98 0607 185
12/0:4/98 (1706/99 34
12:07/98 05/19/99 163
20798 02/13/9% o9
12/07/98 12115/98 9
12/08/98 052699 17}
12/08/98 04715799 129
12/08/98 02:409/99 o4
04/21/99 061799 48
(4/21/99 11718949 211
04/21/99 10/1%/ 107
042299 06:07:99 7
05/28/99 HK305Y 153
05728/9% 11299 137
05/28/99 10/32/69 37
05/28/99 11/1899 174
06877:99 10/36/99 145
0681799 1001499 116
05/07/99 11699 152
000799 06/17/99 i
06:9/99 10:01/99 i
06/09:99 /1299 125

1¢




Fig. 12 Healed incision from a recaptured tautog (1042). This fish was implanted with an ultrasosic transmitter on 9 June
1999 and recaptured on t October 1999 (114 days).

Incision Scar

Fig. 13 Encapsulation of an ultrasonic transmitter in intestinal mesentery, 114 days after transmister was surgically
implanted in a tautog (406 mm TL). This tautog (ID42) was released and recaptured at the Ridged Bottom (9 June 1999 - ¢
October 1999).

Stomach with Mesentery
food items Encapsulation
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Fig. 14 Stomach contents (2 = Sertulania, b = bait {eut blue crab}, ¢ = Afvcindium verilliy from a recaptured tautog (1D42),

October 1999,

Residence

Long-term residence (berween seasons) was evaluated
for RCODE fish. A single factor Analysis of Vanance
(Excel, Microsoft Corporation) was used to test the null
hypothesis of no difference in the number of resident days
among four sites. Resident days were classified as such
either when a fish was detected at least 30 times during
that day (eastern and western VR recetvers combined) or
when there was at least one hour of the day during which
> 10 detections {or multiple hours with = 5 detections)
occurred. Ten detections per hour was approxirnately
equal to one detection every six minutes, thus, 30 detec-
tions per day was approximately equal to one detection
every 12 minutes for six consecutive hours. A Chi-square
contingency test {Minitab Release 12,1, Mintab Inc.) was
used to test the null hypothesis of no difference in the
number of low detection days (<30 detections/day)
between seasons.

Seasons were defined by distinct relationships between
surface water temperature and photoperiod (Fig, 9), In late
fall/early winter, both temperature and photoperiod
decreased to annual minimum values. In winter, tempera-
fure remained at minimum values and photoperiod
increased. In spring, both temperature and photoperiod
increased. In late sprinp/early surnmer, both ternperature
and photoperiod increased to annual maximum values. In
late summer, temperature remained at maximum values and
photoperiod decreased. Daily mean surface water

21

temperature was camputed from hourly observations at
the Chesapeake Bay Bridge Tunnel {www.co-
ops.nos.noaa gov} for the entire study. Bottom water
temperaturcs i situ water samples collected with a Niskin
bottle were measured using a digital thermometer. Be-
tween late March and early October, mean daily boitom
water temperature wis computed from bi-hourty observa-
tions from an automated temperature logger (Tidbit, Onset
Corp.) attached to the eastern VR receiver at the Airplane
Wreck. Surface water temperature was not noticeahly
different from hottom water temperature between {Fig. 10).
No temperature stratification in the sumrner was consistent
with depth-temperature profiles recorded for this area
during the summer between 1997-1599 (Grubbs, unpub-
fished data) and with convergem eddy circulation patierns
suggested for this area (Hood et al,, 1999}, Daily photope-
riod (sunset - sunrise) was obtained from the Plantation
Flats Current Meter Station {Tides and Currents V2.0,
Nautical Software Inc.).

Short-icrm residence {within season) was evaluated for
FCODE fish. FCODE fish were only detectable with the
VR&3 receiver, thus residence dunng the time interval
hetween trips to sites could not be determined. FCODE
fish were considered resident for a perticalar dav if
detected at least once during that day. Descriptive
statistics were used to evaluate short-term residence of
FCODE fish.



Table 6 One-Way Analysis of Variance {ANOVA) for resideni days, fall released RCODE tautog (9 November 1998 —

7 June 1999).

NovRep 1
Nov Rep 2
DecRep 'k
DecRep 1

L X RB AW
176 6l 87 153

I58 0 177 115

183 78 7 148

178 47 90 47

H_: No difference in mean days resident among sites.
F=2 77 df=15.p=0.05 (NS)

Table 7 One-way Analysis of Variance (ANOVA) for resident days. spring released RCODE tautop (9 June 1999 -

5 Angust 1999),

Spring Rep 1
Spring Rep 2
Spring Rep 3
Spring Rep 4

(o3 X AW
57 0 57 8
57 57 57

57 57

57 57

H, : No difference in mean days resident among sites
F=2.10,df=10, p=0 05 (NS}

Table 8 Chi-square cantingency test for frequency of occurrence of “low detection” fish-days, 9 Nov 1998 to 9 Sep

1999,

11/9-1/14
Low Detect a3
Resident 573
Total 637

1/15-3121 3/22-5/27 5/28-B/5 8/6-9/9 Total
126 G 2 13 204
664 552 583 94 2467
790 352 585* W7 2671

* fall released (20 fish-days) and spring released (365 fish-days) combined.

H ' No difference in number of non-resident fish-days between seasons.

Chi-sq=174 82, df=4, p<0.05 (Significant)
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Fig. 15 Examplc of a “low detection” detection: pattern. “Low detection” classification was assigned when less than 30

detections per day were recorded (eastern and western VR1 receivers combined) for individual fish at « particular site.
Arrows indicate days listed as “low detection™ pattern.

Total No. of VR1 Detections
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Fig. 16 “Low detection” fish-days versus surface water temperature (9 Nov 1998 - 9 Sep 1999). “"Low detection” davs

occurred at the coldest water temperatures in the winter or during rapid declines in surface waier temperaturc {duc to
storm cvents) in the summer.
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Aovements

Four tautog relcased in fall 1998 and two tautog
released 10 spring 1999 were recaptured or detected away
from sites where released (Fig. 17). Only localized
movements between sites in the vicinity of Cape Charles,
VA, were observed, Distances traveled varied between
1.9-10.2 kan and rate of movement varied between (0.1 and
36 Tkm/day (Table 9). All movements of fisk away from
release sites invobved fish released at manmade sites
{Anplane Wreck and Texeco Wreck). Significant differ-
ence was detected in the number of fish that moved from
manmade sites versus natural sites {Chi-square, P08,
Table 10). No significant difference was detected (Chi-
square, p>13.05. Table 11) in the number of fish that moved
from northern sites (Airplane Wreck, Ridged Bottom)
versus southern sites (Texeco Wreck, Coral Lump;.
Percent movement away fram release sites versus site size
wis not suggested (R*=0 4% for six tautog detected or
recaptured away from release sites (Fig. 1%). Four addi-
tional fish (ID3. D21, (D30, ID32) were detected 46 to 106
days less than the mean (173 davs) foe othier RCODE
tautog teleased at the same tume. Tautog 3, an FCODE
tautog, was detected 24 fewer davs than the other FCODE
fish {iD2) released with a similar transiitter (same battery
lifg) two days earlice. When movesient for these four fish
was assumed, percent movement was highly suggested
{R*=0.97) with site size (Fig. 18).

Twe RCODE fish released in fall 1998 moved away from
their respective release sites and were recaptured by
cammercial fishermen in spring 1999, A fish released at
the Texeco Wreck {1024) on 10 November 1998 was
recaptured in a crab pot on 27 April 1999, This fish moved
10.2 km o the northeast in 169 days. When released.
tantog 20 was detected at the Texeco Wreck for less than
three hours, The scoond fish (1D29) was released at the
Airplane Wreck on 13 November 1998 and was recaplured
in i gill net on 19 May 1999, Tautog 29 remained resident
at the Airplane Wreek until 12 May 1999, Tautog 29
moved 2 km to the cast in seven days.

One RCODE fish released at the Airplane Wreck and
three RCODE fish released at the Texeco Wreck were
detected (VR and/or VR60 receivers) away from their
original release sites. Tautog 41 moved 5.8 ko from the
Adrplanc Wreck to the Texeco Wreck seven davs afler
being released, remained at the Texceo Wreck for three
days. then was never detected again at any site.  All
tautog that moved away from the Texece Wreck moved 2
ki south to 2 cluster of farge poles *South Poles™, rig.
1%) and periedically returned to the Texeco Wreek. The
South Poles site was not monitored with VR | receivers,
thus. detection of fish at this sitc was only possible with
the VR&( receiver. Tauiog 19 emigrated from and returmed
1o the Texcco Wreck on at least seven different occasions,
traveling a minimum of 8.8 ki between 10 November 1998
and 24 April 1999 (Fig. 203. Movement to the South Poles
was documented ou two separatc occasions. but location
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following displacement from the Texeco Wreck on five
other accasions was unknown (i.e.. not detected by VR1
receivers more than seven consecntive days). Tautog 28
emigrated from and returncd te the Texeco Wreck on at
least 11 defferent occasions, traveling a minimurm of 31,1
km between 4 December 1998 and 7 June 1999 {Fig. 21}.
Movement to the southeast of the Texeco Wreck was
cbserved on two occasions. Movement between the
Texeco Wreck and the Coral Lump was observed once.
followcd by movement from the Coral Lusnp to the South
Poles Mavement between the Texeco Wreck and the
South Poles wus observed on four occasions. Location
following displacement from the Texeco Wreck could not
be determined on four occasions. Tautog 33 emigrated
from the Texeco Wicck to the South Poles within 10 h
foflowing release, returned to the Texeco Wreck once, then
moved back to the South Poles, traveling a cutnulative
distance of 6.6 km (Fig. 22). Between May and QOctober,
lautog 33 was always detected at the South Poles duting
sile searches,

Three FCODE fish were released at each of the fotlow-
ing sties in fall 1998 Texeco Wreck, Airplane Wreck. and
Ridged Bottom. Five to scventeen “fixes’ per fish were
obtatned between early December and early January.
Maximum distance between two ‘fixes’ was 30-80 m and
area between “fives” was 1150-3000 m?, determined by the
minimum convex polygon method (Table 12). Two FCODE
fish were refeased at he Texeco Wreck and one released at
the Coral Lump between 21422 April 1999 All three tautog
were always detected (VR60 receiver) at release sites untit
7 June 1999,



Table 9 Distances {km) and rates (km/day} of travel by six tautog released in fall 1998 that were recaptured (n=2) oF
detected (n=4) away from respective release sites.

Season Movement Fish D Distance (km) Departure  Arrival Time (days}) Rate (km/day)

Fall Recaptura 20 102 11/10/88 14/27/99 159 ot
Spring Recapture 29 2 05/12/98 05/19/99 7 0.3
Fatl Drelect 19 2.2 12/21/98 11127/99 373 ot
Winter Datect 19 22 01/27/98 01/31/99 4.5 0.5
Wintar Datact 19 2.2 02/08/94 (2/09/99 0.56 23
Winter Datacl 18 22 02/05/93 02/09/99 0.06 36.7
Falt Datect 28 1.9 12/26/98 0101799 6.08 &3
Fall Datect 28 1.9 01/01/99 01/05/99 408 .8
Farl Datect 28 1.9 01/05/99 01/06/99 0.75 25
Fall Betect 28 1.9 01/0B/99 0114199 5.54 G3
Fall Detect 28 1.9 31/15/99 31/16/98 0.B8 2.2
Winter Detect 28 4 01/24/99 04/27/98 313 10
Winter Detect Z8 2.2 01/27193 2/05/99 9.13 0.2
Winter Detect 28 2.2 Q2/0Brg8 02/09/99 1.13 149
Wintar Detact 28 22 02/09/99 02/25/99 16.38 0.1
Spring Datect 28 22 03/25/9% 03/29/99 467 0s
Sphng Detact 28 a2 03/29/99 o4n0iga 11.75 Dz
Spring Detact 28 22 04/20/99 04/22/99 2 11
Sphing Detect 28 22 04722799 f26/39 4.5 2.5
Spring Delect 28 22 05/13/99 06/07:99 2513 0.1
Spring Detect 33 2.2 04/21/99 D4/22/89 0.42 52
Sprittgy Detect a3 22 04/22/99 05/09/99 17 o
Spring Cetacl 33 22 050959 05/10/99 52 0.4
Spring Detecl 4 58 06/13/29 06/15/99 2.08 28

Table 10 Chi-square cantingency test movement of tautog from naturat (Ridged Bottem, Coral Lump) versus
manmade (Texeco Wreck, Airlane Wreck) sites.

Natural Manmule Total
No. Moved 0 6 0
No. Stayed 16 1} '
Total 16 17 i3

H : No difference in number of fish that maved from sites by bpe.
Chi-sq=6.902. dl=1, p<0.03 (Signficant)

Table 11 Chi-square contingency test for movement of tautog from northeen { Airplane Wreck. Ridged Bottom) versus
southern {Texeco Wreck, Coral Lump) sites.

Northern Southern Total
No. Moved 2 4 6
No. Staved 11 16 2"’
Total B3 2 33

H_: No difference in number of fish moving from northern vs, southem sites.
Chi-sg=0.113_ dft=1, p>0.05 (N5}
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Fig. 17 Overview of movement patterns for ultrasonically tagged tautog released near Cape Charles. VA, in fuff 1998 and
spring 1999. Fifteen percent (n = 6 of 33) of tawtog refcased were recaptured (thick arrows) or detected (thin arrows) away
from sites where fish were caught. tagged. and released. All movements were to nearby (<11 ki apart) sites., Trapesoid
shape represents movement between three sites (Texeco Wreck, Coral Lump, and South Poles) by a single tautog (ID28},
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Table 12 Maximum distance (m) and area {m?) between positionai ‘fixes” (Global Positioning System coordinates) on
FCODE tautog, determined using the Animal Movements Extension to ArcView 1.1 (Hooge and Eichenlaub 1998).

13 Site Detected Fixes Distance Area

2 ™ 12/05/98-01/36/99 17 Hm 3000 m*
3 AW 12/07/98-12/15/60 5 60m 157w
i RB 12/08/98-02/09/99 6 30m 17w
4 TX (0472 1/99-06/7/99 5 * *

6 ™ 04/21/99-06/07/99 5 ‘ *

5 a 04/22/99-06/07/99 1 N/A NiA

* Fish always detected in same general vicinity, but not able to get a *fix".

Fig. 18 Percent movement of tautog away from release sites versus the area () of release sites, determ ined with side-
scan sonar. Percent movement away from release sites was not suggested (R*+0.49) to be related 1o size of release sites
for six tautog recaptured or detected away from release sites. Inclusion of four additional tautog that inay have left
release sites, but were not recaptured or detected away from sites, suggests percent movement is related to size of release
site (R*=0.97).
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Fig, 19 Side-scan sonar image of the “*South Poles” site, 2.2 km south of the Texeco Wreck, near Cape Charles, VA, in the
lower Chesapeake Bay, Three tautog released at the Texeco Wreck were detected at both the Texeco Wreck and the
South Poles sites,

Dimensions: 20mx20m
Area: 250 m?
Relief: a.5m
Depth: 168 m

Fig. 20 Tautog 19 was released at the Texeco Wreck on 10 November 1999 and emigrated fom and returned to the Texeco
Wreck on at least seven different occasions, traveling at Jeast 8.8 km between 10 November 1998 and 24 April 1999,
Movement to the South Poles was documented on two separate occasions. Location following displacement from the
Texeco Wreck on five occasions was unknown (double arrows).

1/2,3/4,9/10,14/12,13/14 Move Distance

5 22 km
Texgoo
8 6 6 2.2 km
7 2.2 km
8 2.2 km
Total 8.8 km

7 5
South Poles \




Fig. 21 Tautog 28 was released at the Texeco Wreck on 4 December 1998 and emigrated from and returned to the Texeco
Wreck on at least 1 different occasions, traveling at least 31,1 km between 4 December 1998 and 7 June 1999, Movement
to the southeast of the Texeco Wreck was observed on two occasions, Movement between the Texeco Wreck and the
Coral Lump was observed once, followed by movement from the Coral Lump to the Scuth Poles. Movement between the
Texeco Wreck and the South Poles was observed on four occasions. Locatien following displacement from the Texeco
Wreck was unknown on four different occasions (double armows).

Move Distance
= VRI site 1 1.9 km
=no VAT; detect 2 1.9 km
with VRE0 only 3 1.9 km
4 1.9 kn
12/13,16/17, 20/21 5 1.8 km
¢ 8 4.0 km
19 15 11 9 ..
A A A A 9 2.2 km
10 2.2 ki
11 2.2 km
14 2.2 km
v v v 15 2.2 km
22 18 14 8 22 lan
18 2.2 km
22 2.2 km
\ Total 311 km

Fig. 22 Tautog 33 was released at the Texeco Wreck on 21 April 1999 and emigrated from the Texeco Wreck to the South
Poles within 10 h following release. Betwoen 21 Apnil 1999 and 13 October 1999, tautog 33 returned to the Texeco Wreck
once, otherwise was always detected at the South Poles. Total distance traveled was at least 6.6 km.

Move Distance
1 2.2 km
2 2.2 km
3 22km

Total 6.6 km




Diel Activity

Fourter Anatysis of 4.096 hours (24 weeks) of observa-
tions for 16 RCODE fish released in fall 1998 (Fig. 23) and
for 2,048 hours of observations (12 weeks) for L0 fish
released in spring 1999 (Fig. 24) revealed very strong 24-
hour periodicity,

Detection indices analvsis and analysis of diel activity
patterns were performed for 22 RCODE fish (n=2.671 fish-
davs) that remained resident at release sites. Five fish
(1219, ID20, 1028, 1D33, and ID41) that moved away from
releasc sitcs were excluded. Post-release recovery periods
(28 fish-days in fall 1998, 1! fish-days in spring 1999) were
also excluded from diel activity analysis. Additionally, six
VR receivers were not deployed on 11 December 1998,
which resulted in no data being coliectied for nine fish.

Daily mean detection indices {detections per hour) were
greatest for daytime hours in alf seasons (Fig. 23).
Differences between day and night detection indices were
significantly different among seasons (ANOVA, p~0 05,
Table 13}, Inthe tate fall/early winter and spring seasons,
a mean of 25 more detections per hour were recorded
during daytime hours than during nighttirue hours. In the
winter season, a mean of 19 more detections per hour were
recorded during daytime hours than during nighttime
hours. In the late spring/early summer and late summer
seasons, a mean of [4-16 more detections per hour were
recorded during daytime hours than during nighatime
hours. Differences between day and night detection
indices in winter were significantly greater than differ-
ences between day and night detection indices in late
spring/early summer and late summer (ANOVA, p=0.03,
Table 14). Differences between day and night detection
indices in late spnng/early summer were not significantly
different from late simmer (ANOVA. p>0.05, Table {5).

“Diunal” detection patterns (Fig. 26) were the pre-
dominant pattern in all scasons (Table 163, Frequency of
occurrence for “diurnal” detection patterns was stgnifi-
cantly different among seasons (Chi-square. p<0 .03, Table
17y, "Diurnal” detection: patterns accounted for 76-80% of
total fish-days in Late falt’carly winter and spring and 33-
60% of total fish~days in the winter, late spring/early
suminer, and later summer seasons. Frequency of occur-
rence for “spike” (Fig. 26) detection patterns was signifi-
camtly different among seasons {Chi-square. p<€ .05, Table
18). "Spike” detection patterns accounted for 13-17% of
total fish-dayvs in the spring (spawning season) and latc
spring ‘early summer and 3-10% of toial fish-davs in ihe
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tate fafl/early winter, winter, and late swimmer seasons.
Frequency of occurrence for “shift” (Fig 27) detection
patterns was significantty different among seasons (Chi-
square, p=(L05, Table 19). “Shift"” detection patterns
accounted for 23-25% of tetat fish-days in the late spring/
early summer and late summer and 3-7% of total fish-davs
in the fate fall/carly winter, winter, and spring seasons.
Frequency of occurrence for “no pattern”™ (Fig. 28)
detection patterns was significantty different among
seasons (Chi-square, ps (103, Table 20). *No pattern™
detection patterns accounted for 7% of tolal fish-days in
winter, 3-3% of total fish-days in late fatl/early winter,
spring. and late spring/carty summer, and (% of total fish-
days in the late summer season.

Frequency of occurrence for “spike” fish-days was
significantly different for tunar phase (Chi-square. p<0.03,
Table 21). “Spike” detection patterns occurred on 12-14%
of full and new moons (spring tides) and on 9- 1% of first
quarter and third quarter moons {neap tides). Frequency
of occurrence for “shift” fish-days was significantly
different for lunar phase (Chi-square, p<0.05, Table 22).
“Shift” detection patterns occurred on 12% of first and
third quarter moons (neap tides) and 8-F0% of fuli and new
moons (spring tidesy Frequency of occurrence for “low
detection” fish-days (see Methods, Residence) was
significantly different for lunar phase (Chi-square, p<.03,
Table 23). “Non-resident”™ detection patterns occurred on
1G% of third quarter and full moons and 5-6% of first
guarter and new moons. Frequency of occurrence for
“diurnal” (Chi-square, p0.05, Tabic 24) and “no pattern”
(Chi-square, p=0.05, Table 25) fish-days were not signifi-
cantly different for lunar phase.

No relationship between changes in current speed (cm/
s) and changes in hourly VR1 detections were apparent,
regardless of the site fish were released of the season the
data was collected (Fig. 29). Changes in current speed
were computed for six, three-hour intervals during daylight
hours anly {8¢K)- 1660 hours), and changes in hourly
detections were computed for the same six, three-hour
intervals.



Table 13 One-Way Analysis of Vartance (ANOVA) test for differences between day and night detecnion indices

(late fall/early winter through late surnmer).

Groups Count Sum Average Varianee
Late Fall/

Early Winter

(1179/98-1/14/99) 637 160954 254 6026
Winter

(1/15/99-3/21/9%) 790 151761 192 5703
Spring

(3/22/99-3/27/99) 352 145199 263 363
Late Spring/

Early Summer

(5/28/99-8/5/99) 385 96240 165 2729
Late Summer

{8/6/99-9/9/99} 107 1539.8 146 1603

H_: No difference between day and night detection indices among seasons.
F=24.6, df=2677, p<0.05 (Significant)

Table 14 Ome-Way Analysis of Variance (ANOVA) test for differences between day and night delection indices

{winter, late spnng/early suramer, and late summer).

Groups Count Sum Average Variance
Spring 790 15i76.1 192 5703
Late Spring/

Early Surnmer 585 9624.0 163 1729
Late Swnmer 107 15398 146 16035

H_: No difference between day and night detection indices among seasons.
F=4.4, df=1481, p<0.03 (Signficant)

Table 15 One-Way Analysis of Variance (ANOVA) test for differences berween day and night detecton indices

{late spring/early summer and late summer),

Groups Count Sum Average Variance
Late Spring/

Early Summer 383 96240 163 e
Late Summer 107 1559.8 EX 1603

H_: No difference between day and night detection indices between seasons.
F=124,df=691, p>0.05(N§)
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Table 16 Seasonal occurrence (fish-days) of daily detection patterns. Two thousand. six hundred seventy-one datly
detection records (VR receiver records for 22 resident RCODE tautog) were subjectively classified as one of five
detection patterns.

Parterst 11/9-1/14 1/15-3/21 3/22-5/27 5/28-8/5 8/6-9/9 Total
Diurnal 487 (76%%) 477 (60%) 141 (80%) 369(53%) 64 (60%) 1778
Spike 12 (7%) 79 (10%) 69 (13%) 99 (17%) (3% 294
Shift 27 (4% 52 (7%) 19 (3% 147 (25%)  25(23%) 270
No Pattern 18 (3%) 36 (7 23 (4%) 2B (5%) 0 (0%) 125
Low Detection 70(11%) 126 (16%) 0 (0%) 2 (%) 13(12%) 204
Total 637 790 3352 583" 107 2671

*fall released (20 fish-days) and spring released (363 fish-days) fish combined.

Table 17 Chi-squarc contingency test for scasonal effects on the frequency of occurrence of the “diumal”
detection pattern.

11/9-1/14 1/13-3/21 3/22-5/27 5/28-8/5 8/6-9/9 Total
Diumal 37 477 +11 309 64 1778
Other 150 313 111 276 43 893
Totat 637 790 332 585* 107 2671

*fall released (20 fish-days) and spring released (363 fish-days) combined.

H_ - No difference in the frequency of “diurnal” fish-days among seasons.
Chi-sq=137.46, df=4, p£0.03 (Significant)

Table 18 Chi-square contingency test for seasonal effects on the frequency of accurrence of the “spike” detection
pattern.

11/9-1/14 $/15-3/21 3i22-3127  5/28-8/5 B/6-9/9 Total
Spike 42 79 69 % 5 294
Other 595 71 483 486 162 2377
Total 637 0 532 585+ 107 2671

*fall released (20 fish-davs) and spring released (5635 fish-days) combined.

H_: No difference in the frequency of “spike” fish-days ameng seasons.
Chi-sq=40.01, df = 4, p<0.05 (Significant)




Table 19 Chi-square contingency test for seasonal effects on the frequency of occurrence of the “shift” detection
pattern.

11/9-1/14 1/15-3/21 3/22-5/17 3/28-8i5 8/0-9/9 Tutal
Shigt z 32 19 147 25 270
Other 6l 78 533 438 2 2401
Total 637 T3 552 585+ 07 2671

*fall released (20 fish davs} and spring released {565 fish days) combined.

H : No difference in the frequency of “shift” fish-days among seasons.
Chi-sq=227.89, df={, p<0.05 (Siguficanty

Table 20 Chi-square contingency test for seasonal effects on the frequency of occurrence of the “no pattern” detec-
ton paitern,

11/9-1/14 1/15-3/21 3/22.5/27 5/28-8/3 8/6-9/9 Total
Non-Diel 18 36 23 » 0 123
Other 619 734 529 357 107 2546
Total 6-H 790 532 385+ 107 2671

*fall released (20 fish days) and spring released {563 fish days) combined.

H : No difference in the frequency of “no pattern™ fish-days among seasons.
Chi-sq=20.78, di=4, p<0.05 (Significant)

Table 21 Chi-square contingency test for lunar effects on the frequency of occurrence of the “spike™ detection
pattern.

1Q 3Q M N Total
Spike 62 bt 96 7 294
Other 586 621 602 68 BT
Total 648 680 658 643 2671

H_: No difference in the frequency of “spike”™ fish-days with lunar phase.
Chi-sq=11.09, df=3, p50.05 (Significant}




Table 22 Chi-square contingency test for lunar effects on the frequency of occurrence of the “shift” detection pattern.

1Q 3Q ™ NvI Total
Shift 75 80 53 62 270
Other 573 60 645 583 2401
Total 643 680 698 645 2671

H : No difference 1n the frequency of “shift” fish-davs with lunar phase.
Chi-sq=8.62. df = 3, p< .03 (Significant)

Table 23 Chu-square contingency test for lunar effects on the frequency of occurrence for the “low detection™
detection pattern.

1Q 3Q ™M NV Totad
Low Detection 37 66 69 32 204
Other 611 6l4 629 613 2467
Total o8 630 698 645 2671

H_: No difference in the frequency of “low detection™ fish-days with lunar phase.
Chi-sq=19.09, df = 3. p<0.05 {Significant)

Table 24 Chi-square contingency test for Junar effects on the frequency of occurrence of the “diurnal” detection
pattern.

1Q 3Q M houl Total
Diurnal 137 436 454 451 1778
Other 21 24 24 194 893
Total 648 680 698 645 2671

H : No difference in the frequency of “diurnal” fish-days with lunar phase.
Chi-sq=6.05, df =3, p>0.05 {NS)

Tabie 25 Chi-square contingency test for lunar effects on the frequency of occurrence of the “no pattern”™ detection
pattern.

1Q 3Q Bv N Total
No Pattern w 9 yi] 23 123
Other 611 641 672 622 2546
Total 48 630 698 645 2671

H : No difference in the frequency of “no pattern” fish-days with lunar phase.
Chi-sq=6.46, df = 3, p>0.03 (NS)
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Fig. 23 Fouricr analysis of detection periodicity for 4,096 consecutive hours of detections from 13 tautog released in fall
1998 A 24 h penodicity is evident
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Fig. 24 Fourier analysis of detection periodicity for 2,048 consecutive hours of detections from 9 tautog reteased in
spring 1999, A 24 h periadicity is evident.
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Fig. 28 Lhaily ecan detection indices for £l (13 and spring {n= 93 releused tautog. 9 Nov 1995 09 Sept 1999, Detee-
tion indices were computed by dividing the fota] number of o aylirht detectons by the total number of davlight hours
(day) and by dividing the total munber of nighttime haurs by the fofal mumber ol mghttime hours (nighty, Dy detection
tndices (day, naght) for all Bntog were used 1o detenmsne daily mean indices,
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Fig. 26 “Dyinrnal” and “spike” detection pasterns. “Dhisrnal™ patienis corsist of detections between 0400-2059 hours
erly, with a curved shape similar tw a bell-shaped curve. “Spike” patterns contain the basic “dinmat” pattern, but there i
als it least one peak i detections between 21000359 kours when > 10 detetionhr vceus.
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Fig, 27 “Shaft” detecnion pattern. “Shifl paterns e siwmilar to “dmraal” patterng, but dutections do not o bl

occur berween (40HL- 2059 houre, ~$nf” pattorms can bogin one day and end the next dov (blxk coreley or st
patterrs can begin and end on the ame day (grey cercle)
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Fig. 28 “No Pattern” detection pattern. A “no pattern” classification was assigned when no pattern was
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Fig, 29 Example scatter plots of current speed (cmé's) versus hourly detections. Differences in curreat speed were
cotputed for six, three-hour intervals: 1600-1300, 15046-1200, 1300-1100, 1300-1000, 1200-0%00_ and 1100-0800 hours.
Differences in hourly VR | detections were computed for the same six, threc-hour intervals. No relationship between
current speed and hourly detections were apparent, regardless of site or season data was collected.
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BISCUSSION

Residence and Afovements

Tautog released near Cape Charles, VA, were highly
resident inshore and exhibited high site affinity. Seventy
percent (n=23) of all tautog released remained at their
respective release sites for up to 6 months (transtuitter
battery life) and were never detected or recaptured away
from ther respective release sites. Eighteen RCODE fish
(67% of total RCODE fish) were detected daily by VRI
receivers at release sites. except occasionaliy at minimum
water femperatures (3-7°C) in the winter and during
perods of rapid decrease in surface waler temnperature in
the late sumimner (see Discussion, Diel Activity). Seven
RCODE fish released in April-june 1999 were recaptured 1n
October-November 1999 at the sarne sites where originally
released. Tautog tagged with FCODE transmitters conld
only be detected with the VR60 receiver. Five FCODE fish
{83% of totat FCODE fish) were always detected at release
sites on subseguent boat trips to release sites for up to 2
wonths (ransmitier battery life}.

Tautog remained in the general vicinity of release sites

during the day. Similar detection patterns were almost

3R

always recorded by both VR1 receivers at release sites,
indicating that tautog remained within the central signa
reception area (Fig. 7) of both VRI receivers. Tautog were
previously reported to remain within 500 m of home sites
dunng the day (Ollaetal., 1974). Remaining in the general
vicinity of release sites has also been documented for
large temperate labrids from the Southern Hemisphere.
Barrett (1993} reported four labrid species (Motolabrus
tetricus, Notolabrus fucicola, Pictilabrus laticlavius,
Psuedolabrus psittaculus) in Tasmama were recaptured
within 100 m x 235 m areas from where the fish were
teleased. The pattern of rernaining close to release sites
dunng the day is consistent with ‘fixes’ obtained for
FCQODE fish.

Occasionaily, one VRI receiver recorded substantially
more detections for individual fish than did the other
recenver at the same site. This receiver discrepancy
scenario may have been due to exclusive occupancy of
one side of the site. or due to the presence of an acoustic
barnier {1.¢., structured material) which interfered with hine-
of-sight reception. Significant vertical rebief



{1-3 m} only occurred at the Texeco Wreck, Discrepancies
between receivers were most frequently observed at this
site. Extended perieds of detections of individual fish by
one recetver only were uncommon. These events may
have resulted when a particular fish moved away from the
site such that it was within range of one receiver. but out
of range of the other recetver. Tautog were rarely detected
with the VR60 receiver ot of the central reception area.
Close association of (autog with structure during the
daytime was previously reported by Adams (1993}, who
observed that tautog exclusively occupied the reef crest
and reef cdge habitats at a wreck 15 kan off the coast of
Virginia.

Tautog remained at or in the vicinity of release sites at
night. Tauteg were generaily not detected by VR1
recelvers at night, however, on several occasions one VR1
receiver detected an individual fish at night while the other
VR1 receiver only detected the same fish during the day.
Tautog were more difficult to detect at night using the
VR60 receiver. Coded transmitters used in this study
would be less likely to be detected by VRI receivers when
hidden behind or in structure because all six *pings” of the
transmitter code must be recognized as opposed to a
standard single ‘ping’. Successful detection of tagged
fish known to be within range of VR.I recetvers was
significantly less during nighttime hours than during the
day (Table 3). Researchers using ultrasonic telemetry
equipment report increased difficulty detecting tagged
anirmals when animals hide in or under siructured material
(Matthews 1992; Bradbury et al. 1995,1997). These data
support the idea that tautog were detected less often {or
not at all} at night because fish were quiescent in or near
structure {Clla et al. 1980), and therefore effectively out of
range of VR receivers due to the presence of an acoustic
barrier.

Tautog in this study remained inshore during the
winter, at sustained water temperatures between 5-8°C.
Inshore, winter residence of tautog has been documented
in eastern Long Island Sound {Auster, 1989), in Delaware
Bay (Ekiund and Targett 1591), and in the lower Chesa-
peake Bay (Hostetter and Munroe 1993). Provided water
temperatures remain above 9-10°C, a viable inshore winter
fishery for tautog exils in the lower Chesapeake Bay
{White et al., 1997). The occurrence of an inshore winger
fishery for tautog in Virginia is unique within its geo-
graphic distribution. Within the winter fishery, most
inshore landings occur in December and March; January
and Febmary landings are primarily from offshore sites
(White et al. 1997). Inshore catches of tautog in December
and March occur predominantly near the rnouth of the bay
(Bain and Lucy 1996, 1997, Bainetal. 1998; Lucyet al.
1999). Tautog have been caught as far west as the
Monitor-Merrimac Bridge-Tunnel in the James River in
Tannary and as far north as Cape Charles in December
(Bainetal, 1998; Lucy and Arendt 1999).
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Tauntog remained inshore dunng the summer at a
maximum sustained water temperature of 27°C. contrary to
the suggestion that tautog move to cooler water when
water temperatures approach 20°C (Adarms 1993) Hager
(pers. comm. ) observed tautog (some swimming. others
resting) at Plantation Light (2 km southeast of the Texeco
Wreck} in July 1999 while snorkeling. Sumimer, inshore
residence of tauteg was previously documented in the
Chesapeake Bay (Ban and Lucy 1996. 1997, Bain et al.
1998). Summer. inshore residence has also been docu-
mented in Great South Bay. NY, when water fempetature
was 19-24°C (Olla et al. 1978) and in Narragansett Bav, RI,
at maximum sustained water temperatures of 22°C (Castro
pers. Comm. ;.

Tautog remained inshore during the summer in the
absence of blue mussels (Afystilus edulis), contrary to the
suggestion of Stcimle and Shabeen {1999) that tautog
move away from sites when blue mussels die off. In June
E398-1999, large clusters of live blue mussels were
documented at study sites using undenwater video_ otter
trawl and oyster dredge tows, and growth of mussels on
VRI mooring units, By July 1998-1999, mussels were not
present. Atan artificial fishing reef near Cape Charles, VA,
Feigenbaum et al. (1983) reported tautog consumed a
variety of crustaceans, shellfish, brvozoans, and hydroids.
Tautog have been reported 1o feed on hardshelled
organisms attached to bryozoans and to consume
bryozoans m the process (Osbum, 1921). Stomach
contents from an ultrasenically tagged tautog recaptured
in October 1999 at the Ridged Bottem site cousisted
primarily of the bryozoan, 4icyinidium veriili, commonly
known as “dead mans fingers™ (Fig. 12).

Fifteen percent (a=3) of fish released in fall 1998 were
detected substantially fewer days {one of which was later
recaptured) than other fish in the study released at the
same ome. [t was unclear whether these fish were never
detected again due to movement away from release sites
or due to transmitter fajlure. Winter (pers. comumn. ) sug-
gested that a 13% transmitier failure rate should be
expected; however, transmitter failure is wsually detected
within several days after transmitter activation (Winger
pers. comm.). Coded transmitiers used in this study
dramatically exceeded manufacturer 's expectations for
battery life. Information on ransmitter failure rates for the
coded transmitters used in this study were not available,
Researchers using similar transmitters made by the same
manufacturer used in this study report much lower (0-6%)
transtuitter faiture rates (Holland et al. 1993; Pearcy 1992;
Zeller 1997) than suggested by Winter (1999). Transmsiter
failuze rates for transmitters made by the same manufac-
turer used in this study have been reported to be as high
as 18% (Matthews 1992).

Eighteen percent {n=>6) of all tautog released moved
1.9-10.2 kan away from release sites. INo movement of
tagged fish to offshore locations was documented.  Of fall



released tautog. oniv four could have possibly moeved
atfshore during the lute fatlienrly winter. The first of these
tauteg ({020 was detected at the Texoco Wreek less than
thrze hours after release on L0 Navember 1998, No turtier
information was aviilisbie regarding this tish unni 27 April
1999, when it was recaptured 1.2 km northoast of the
Texeco Wreck. This fish potentialiy could have moved
offshore in the winter, then setusned inshore in the spring;
hivwever, no cenciusnons can be made regarding rescdence
or movement between release and recapture. A second
tautog {1023} was detected at the Airplane Wreck betwesn
8-13 December and then wis never detected agun. Two
FCODE fish (D2, IDi4) remaived resident until carly
January and varly February, respectively. Both of these
tish were detected substantially longer than expecied:
however, these tish could have theoretically meved after
fransmiter expiration.

Only four ultrasonically tagged tautog released in
spring 1999 could have possibly moved offshore in the
summer. Three FCODE fish remained kighly resident a
release sites between late Aprland early June and were
detected substantially lenger than expected. These fish
could have theoretically moved after transmitter expira-
tion: however, one (I1DC) was recaptured at the Texeco
wreck on 18 Nov. 1999, 215 days after being released at the
Texeco wreck. A fourth fish, tantog 41 was released at the
Aurplane Wreck on 7 June 1999, where it remained umil 13
June 1999, This fish was detected at the Texeco Wreck
between 15-17 June 1999 (VR receivers), but was never
detected again, at any site, after 17 June 1999,

All documented movements (n+8) of tautog away from
release sites occurred at manmade sites. No information
wis available regarding the origin of these two manmade
sites; however, both have been in place for at least 20
years. The Texcco Wreck was present prior to 1967 (NO'S,
1998) and the Airpline Wreck was present prior to 1980
{Jenrette, pers. comm. ), Benthic macrofauna collected at
manmacde sites was similar to macrofauna collected at
matural sites (Fig. 4). Stone et al, {1979) concluded thac
artificial reefs reach a stable state after at least five years,
Given this argumens, habitat size may be as important a
factor in determinimg movement as habitat materials, Two
gdditional fish released at the Airplane Wreck and two
additional fish released at the Ridged Bottom were
detected much less than other fish released at the same
time and may have moved in mid-December {1D3), mid-
February (121, 1D30), and mid-April(ID32). Percent
movement of fish away from release sites was highly
comrelated (R*<0.97) with habitat area when these four fish
were assumed to have moved away from release sites (Fig.
153.

Movement patterns were qualitatively ditferent
berween northemmost sites and southernmost sites,
Location of ane tautop (ID20) that moved away from the
Texeco Wreck on the day of release was not known until
this fish was recaprured 169 days later. Three other tautog
that emigrated away from the Texeco Wreck retumed at
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teast once ({03330 of several times ag 1.3 week intervals
Dy, 10281 Touteg that alternated between the South
Poles and the Texeco Wreck were resident at the Texeco
Wreek between 0.1 and 3795 of the tesal davs between
redegse and day of last detection. When not detesred at
the Texeco Wreck, artempts to locate these fish at the
South Poles wers slways successful, mdicating fugh site
affinity for both sites. Both tish that moved away from the
Adrplung Wreek did not return 1o the Alrplane Weeck.
Tautog 29 remained resident ot the Airplane Weeek from 18
Moveraber 1998 anril 12 May 1999 bt was recaptured ina
giltnet 2 km castaf the Adrplane Wreek on 19 May 1999,
The second wuwtog (D41} that moved away from the
Airplane Wreck was reieased on 7 June 1999 and was
detected wt this site until 13 June 1999 Berween 15-17
June, this fish was detected at the Texeco Wreck. Between
17 Tune 1999 and 13 October {999 (when both VRS
recetvers al this site were rettieved). this fish was not
detected at the Adrplane Wreck. This fish was aiso not
detected at any other sites monitored by VR receivers
(Texeco Wreck VR coverage until 9 September 1999,
Ridyed Bottom and Coral Lump VR coverage until 5-6
August 1999

Differences in movement patterns of tautoy at norther-
most sites may have been refated to their closer proximity
to an existing artificial fishing reef, [n October 1998,
artificial reef materials were added to Cherrystone Reef,
located approximately Sk northeast of the Airplane
Wreck and 4 km north of the Ridged Bottom {Meier, pers,
comm.). One attempt was made (10 February 19993 1o
locate ultrasonically tagged tautog at Cherrysione Reef.
No tautag were detected at Cherrystane Reef that day,
however, this was prior to the disappearanze of two fish
from the Ridged Bottom and Airplane Wreck sites in mid-
February and recapture of two tautoy within 2 km of
Cherrystone Reef in April-May 1999, Studies on the
colonization of antificial reefs document higher exploitation
rates by fishers at antificial reefs {Low and Waltz 1991) and
uni-directzonal movement of tagged fishes from natural
reefs to artificial rects (Matthews 1985; Solensky 1985;
Fastand Pagan 1974). Olla etal. (1974) reported uni-
directional movement of an ultrasonicatly ragged utog
moved rapidly to an antificial fishing reef late in the second
day of racking.

Inshore residence and movement patterns exhibited by
ultrasonically tagged tautop were also consistent with
patterns reported for tautog released at these sites from
the Virginia Game Fish Tagging Program (Table 26).
Between Aprit 1998 ~October 1999, 40 tautog tagged-
released at these sites were recaptured, including one
tautog recaptured twice (I1129). Six fish tagged-released at
the Texeco and Airpiane Wrecks were recaptured away
from these sites and two fish tagged-released at these
sites were recaptured at these sites. Of the six fish that
moved away from these sites, three fish moved to the
Corat Lump and Ridged Bottom/Mussel Beds: the
remaining threc fish moved to sites 26.9-43,2 kin away.



Thimn-mwo fish tiggod-released st the Coral Lamp and
Hidzed Bottom Musae! Beds sules wore recaptured, ad)
ey of wineh were recaptired where redensed, Two fsh
moved fram the Ridged Borom to the Cord Lump. One
additsonad {ish moved o the Coral Lump from the J8A
By mear Chornystone Regl

Insbore msdonce aed movement patterns extubited by
aitrasonically tagesd and conventiomally taggod ey at
thess sites were adso comsstont with farge-scake patiomms
reported from the Virgein Gane Fish Tagong Prozram.
Hetweon W Mareh 199% and 11 Ougober 1999 363 tnstoy
(agped indewer Chesapeake Bay, excluding Cape Charles
sites, and offshore) were recaptured. Faghtv-five pereant
{4700 of tepapture events imvolved fish reeaptured at the
siwmie sutes where released 0-1.2 14 days carbier (Luey et ab,
149993 Muitiple recapture of the samg tagtged indavidaal ar
the same sie where onginadh redeased oveursed on morg
than 20 oceasiens (Bam etat., 1948). Only five percent of
fotal recaptute events involved movement of tagged

tautog briween inshore and offshore locahons ins 23
Filteon tauton oseed inshore were seonptursd offshers
CE7-4T hmoaway), mcluding e tish released an sues other
than whers cought (Ban oral | 199980, botween 2 and 333
davs fater  Eight matop tagped vifshore sore recapinrad
mshore (8-76 hnavav between 2 Fand T3 dans dnrer AN
ather mevements seewrted withim wshore areas fa< 27 25
&18 davs Loy or wothim offshorg arcas dn=235, 51404 davs
Latery betweon sues located -0 oo kmvapart Rateof
mavement hetwern stes from within inshorg or wathin
olfshore arcus vaned betwet < o 3 Amper doy (VGFTP,
unpmblished dowa

Adult twtog from northern populations appear to
spend the spring and fall months seshore, but o move
offshore dunng the warmest stommet wonths and agan
during the coldest winter months Stolang § 19700 reported
stromy correlapon between wiler tompernare and adult
tautog catchies in the Wewantic estwary, MAL when water

Tabie 26 Recaprured tauteg tagged and released at sites near Coape Charles, VA(VGFTE 19971999y

Reteased Location Recaptured Locatinn Days Dt
10/ T/9% 194 Buoy (Oia T2 Suayt 1117088 Coral Lump off Cape Charles ot
ERFAL:TUT: ] Astziansg Wreeck 120798 Airpinne Wrack, 19
1217497 Arpdare Wrgon D428 TLage Heory Wieck 133
VANFEY Aupiane Wrook 02w Coral Lurmp off Cape Shafas Al4
12/17a7 Coral Lumg off Cape Charles 1AM 28 Comi Lurp off Capo Charlos 39
ANTAT Caral Lump o' Caps Shares 1130/88 Coral Lurrgz off Cape Chartos M
TTHNGE Caml Lurmp o Cope Charas 1 1B Corat Lummp off Sape Chartes ]
110880 Caral L.ump ot Caps Sharas 121058 Covat Lumg off Cape Chares 32
12707 Caral Lurmp aff Cape Gharles t1/28/%8 Uredentitiod o Cape Charios 4G
12197 Caenl Lumg off Cape Chardos 11/26:48 Urikeigwn g
1211 787 Toneto Wrock N&511/99 CHET, 31 inland 5]
120697 Taxecn Wreck G521/99 CORT, 4 islarl 532
12116/37 Taxecn Wrack 102598 Mussel Beids ate
V20567 Texoro Wreck 11/20/98 Toxacs Wrock 354
12017187 Taxocn Wratk 10/24/58 Trumtie Shonis Ligr an
Q27198 Munsal Beds 1052758 Coral Lurhp off Cape Charles b}
10i30458 Munse! Beds 12740798 Coral Lump off Cape Charles 41
VVET Mugsel Bads /1098 Muzcel Beds 324
15825/97 Munsel Bads 1027598 Mussel Beds 336
1428/57 Mussel Beds 11/0%/98 Mi.etel Beds 349
1125597 Muzcel Bods 114/09/38 Muszed Beds 5
15068 Musael Bods 110948 Muszaei Becs 28
10/12/88 Mussel Bods 111058 Muzsei Bady e
1071 /50 Mussai Beos 11114/58 Muszai Beds 33
110998 Muszel Beds 111(¥98 Musse' Beds 1
11/09/98 Muszzel Badgy 1207m8 Munsai Seds 28
114508 Musael Bads 10025599 Mussel Beds a7
120258 Muysgel Begs C914/50 Mussel Bods 208
12104/53 Musset Beds 09 arse Mussel Beds 264
12128 Mussef Bods 1002939 Mussel Beds 294
O5/06/99 Musnaei Beds 06,0599 Mussol Bads 3
O%26/08 Musset Beds 10/2/59 Mussei Beds 7
O5/26/%9 Mussel Begs 10iDIE9 Musse! Beds 7
DOZESS Musse! Beds DAY Mussel Baly v
CH26/3% Munsel Bads 1O/ Musse! Beds ¥
CRO888 Musse! Beds i et Mussei Bods 7
DERASS Muszel Bads U309 Mussei Beds 7
103298 Musse! Beds 100349 Mussel Beds 3
10G/30/88 ttussel Bous YZ/07/8B O Cape Charies 38
1027768 Mussed Beds 11/28/58 Ungern e off Cape Charles a2
1072758 Mg ged Bedn 14/26/98 Unknown 74
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temperature was 7°C. Cooper (1966) and Lynch (1995)
reported movement of tautog into Narragansett Bay to
spawn between late April and June. Tautog depart
inshore waters at varyving rates between July and October
{Cooper 1966: Lynch 1995). By mid-fall, fish are recaptured
in offshore coastal waters or recaptures are highly
directional, indicating movement otfshore (Cooper 1966:
Briggs 1977). Only limited evidence of'a seasenal inshore
- offshore migration exists for tautog in the Chesapeake
Bay and coastal Virgina waters (Bain ¢t al. 1998). In
Virginia and Marvland, tautog have been observed
offshore throughout the year and in spawning condition
during the spawning season (Eklund and Targett 1950,
1991; Hostetter and Munroe 1993; White, 1996). Tag-
recapture studies, ultrasonic telemetry, and seasonal
abundance data from different studies over time, suggest
that adult tautog in the lower Chesapeake Bay and coastal
Virginia waters remain inshore ot offshore year-round.

Diel Acrivity

Taurog were detected significantly more during
daylight hours than during nighttime hours, indicating
diurnal activity and nocturnal quiescence, a behavior
previously documented for tautog (Olla et al., 1974} and
for other labrids (Hobson, 1965; Bradbury et al., 1997).
Field studies on diei activity of tautog report that tautog
are active during the day and inactive and quiescent at
night, at least between July and October (Otlaert al., 1974,
Onset of diel activity was reported to begin between 10
mintes prior 1o and 69 minutes after the start of morning
twilight; cessation of acsivity was more variable and
actlvity ceased between 222 minutes prior and 69 minutes
after evening twilight. Inactivity and unresponsiveness of
fish at night were so low that SCUBA divers were able to
touch fisk or catch them easily with hand-held nets (OHa
etal,, 1974). Controlled, laboratory observations also
report tautog are active during the day and inactive and
quiescent at night during the non-reproductive and non-
migratory season (Olla et al,, 1977, 1978; Olla and
Studholme, 1978) when mean water temperatures were
13.8-15.8°C and mean photoperiod was 15.4-15.7h.

In this study, a mean of 14-16 more detections per hour
were recorded during daytime hours than nighttime hours
during the late spring/early summer and late summer
seasons. Fifteen more detections per hour approximated to
being detected 25% more during each hour of daylight
than during each hour at nighttime. Mean surface water
temperature was 23.5%-25.7°C in the summer. Maximum
photoperiod (14.8 h) was less than reported for these
seasons by Olla etal. {1977, 1978) and Olla and Studhoime
(1578) because the current study defined photoperiod as
sunset minus sunrise, without inclusion of twilight.
“Diurnal” detections constituted 53-60% of fish-days
during the summer.

“Diurnal” detection patterns usually contained fewer
detections during mid-day hours then in the early morning
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orearly evening. Decline in detections during mid-day
hours may have been related to fish resting during
maximum sunlight. Bradbury etal. (1997) reported that
cunner rested at daytime resting sites during maximum
sunlight. At Plantation Light (2 km southeast of the
Texeco Wreck), Hager {pers. comm.) observed some tautog
moving about during mid-day while other tautog rested.
Tautog that rested were observed oriented head first into
rock crevices, such that their head and eyes were secluded
from light while their bodies remained exposed. Orienta-
tion of fish head-first into crevices may result in transmit-
ter signal attenuation due to the Fact that the transducer-
end of the mansmifter was also pointed towards the head
of the fish.

Decreased detections during mid-day hours may also
have been refated to current speed; however, no relation-
ship between changes in current speed and hourly
detections (0800-1600 hours) was apparent. The inabitity
to detect the influence of currents on activity may have
been a resuit of the type of information obtained from VR1
receivers. VRI receivers only recorded date, time, and ID
of each fish detected, thus providing information on the
presence or absence of tagged individuals only, which
may or may not reflect actual activity. Sensitivity of
tautog to tidal flow has been documented during the
spawning season. White (1996) reported daily spawning
incidence to be highly correlated with ebb tides. An
alternative explanation for the inability to detect a relation-
ship between current speeds and hourly detections is that
no relationship existed. Lindquist and Pietrafesa (1989)
reported that benthic reef species (Haemulon
aurolineatum and Diplodus holbrooki} showed no
statistically significant abundance in reiation to current
tield at areeflocated at 18m depth in Onslow Bay, NC.

“Diurnal” detection patterns were most dominant in the
late fall/early winter and spring (76-80% of total fish-days).
Differences between day and night detection indices were
greatest in the late fail'early winter and spring seasons.In
the late fail/earty winter and spring seasons, 25 more
detections per hour were recorded during daytime hours
than during nighttime hours. Twenty-five more detections
per hour are approximately equal to being detected 50%
more during each hour of daylight than during nighttime
hours. Given that these seasons also coreespond to the
primary fishing seasons for tautog in the Chesapeake Bay
(White et al. 1997), increased detections during these
seasons may correspond to increased fish activity.

Nocturnal activity was observed on 20% of fish-days in
the spring, 47% of fish days in the late spring/early
summer, and 28% of fish-days in the late summer, i3%of
fish-days in the late fall/earty winter, and 24% of fish-days
in winter. Nocturnal activity in the late fall was previously
reported at water temperatures between 6-7°C, when
tautog were observed to swim in schools through the
night {Olia et al. 1978, 1980; Olla and Studkolme 1978).
Nocturnal activity was observed infrequently. In this



study, nocturnat activity during the winter was observed
on 24% of fish-days and at the same temperatures (6-8°C)
reported by Olla etal. (1977. 1980) and Olla and Studhotme
{1978) for noctumal activity during the late fall. Nocturnal
activity has been reported during the spawning season
{Olfa and Studhelme, 1978). In the Chesapeake Bay,
tautog spawn between mid-April and early June (Hostetter
and Munroe, 1993; White, 1996; White etat., 1997},
Although nocturnal detections were observed during the
spawning season, socturnal detections during the
spawning season {spring) were less frequently observed
than during the summer months,

Noeturnal activity eccurred as a “spike”, “shift”, or “no
pattern” detection pattern. Frequency of occurrence for
“spike™ detection patterns was greatest in the spring and
late spring/early summer seasons, duting which spawning
oceurs. “Spike™ detection patterns occurred during 14%
of full moons and 12% of new moons. New mooas and full
moons correspond to spring tides. Given the sensitivity
of tautog to tidal cycles during the spawning season,
increase in frequency of oceurrence of “spike” detection
patterns during spring tides in the spawning season may
result from tautog becoming active at night in response to
strong tidal cycles. An alternative explanation for the
increase in “spike” detection patterns with full moons is
increased illumination at night.

Frequency of occurrence for “shift” detection patterns
was greatest in the late spring/early suramer and late
summer seasons, occurring on 23-25% of total fish-days.
Given the low frequency of occurrence of this detection
pattern in other seasons (3-7% of fish-days), increase in
“shift” detection patterns in late spring/early summer and
late sumimer likely resulted from maximum photoperiod
expericaced during these seasons. “Shift” detection
patterns in the late fall/early winter, winter, and spring
seasons may have resuited from fish becoming less active
during the day and more active at night, as previously
discussed. “Shift” detection patterns were also signifi-
cantly greater during first and third quarter moons. First
quarter moon generally rise between 1200-1800 hours and
set between 0000-0600 hours. Third quarter moons
generally rise between 0000-0600 hours and set between
1200-1800 hours. (iven these definitions, late first quarter
moons rise during evening twilight and late third quarter
moens rise during morning twilight. “Shift” patterns may
have been greater during these moon phases due to
increased illumination during twilight, thus, effectively
extending daylight.

Frequency of occurrence for “no pattem” detection
paiterns was greatest in the winter. More than haif of the
occurrences of this detection paitern were attributed to
two fish (ID27, ID29). Itwas unclear whether this pattern
represented continuous activity throughout the day and
night or whether this detection patiern represented
inactive fish resting outside of structure in a location
accessible to VR receivers. Tautog monitored in
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aquarium tanks during this study also showed grouping
behavior and tendency to rest outside of structure at
water temperatures between 5.9°C. The pattern of
swimming through the night at low water temperatures and
the pattern of resting outside of structure at low tempera-
tures are hoth reported in the literature tor this species.
Ollaetal. (1977, 1980) and Olla and Studholme (1978)
observed tautog swimming through the night in schools
when water temperature was between 6-8°C. Ollaetal.
(1977, 1980} and Olia and Studholme (1978) alsu abserved
tavtog grouped together and remaining outside of o1
slightty under structure at temperatures between 3-5°C.
Adams (1993) reported tautog 1o be sluggish when bottom
water temperatures were between 6.1°C and 7.2°C.

Tautog were detected daily except eccasionally at the
coolest water temperatures in the winter or after rapid
decrease in surface water temperature (from 26°C 10 23°C)
in late Angust 1999, Frequency of occurrence of these
“low detection” patterns at the coolest water temperatures
in the winter was consistent with previous reports on
intermittent activity of tautog during the winter {Cooper,
1966; Ol1a and Studholme, 1978; Olla etal., 1977, 1980;
Adams, 1993). Significance of these “low deteclion™ days
with lunar phase during winter may have been coinciden-
tal. The coolest water temperatures of the winter occurred
during a two-week period in early-mid Janoary and again
during a two-week period in carly-mid March. Because the
second cold spell eccurred exactly two complete lunar
cycles after the first cold spell, “low detection” days
appeared to be significantly greater in two consecutive
(full moon and third quarter) moon phases. Frequency of
occurrence for “low defection”™ events in response 10
rapid decreases in surface water remperature in the late
summer has not previously been reported. although
Adams (1993) may have observed this phenomenon.

Adams (1993) reporied mean abundance of 1autop
decreased between carly summer {bottom water = 16.1-
20°C) and late summer (bottom water = 1 8.3-22.8°C) atthe
4A Drydock Wreck {20 m depth; 15 km from nearest
shore). Mean surface water temperature at the Chesa-
peake Light Tower {CHL-V2)was 24 7°C in early summer
and 22.2°C in late summer {www.ndbc.noga.gov/daial.
Adams {1993) reported tautog “absent” from the 4A
Drydock Wreck on three occasions when bottom water
temperature was 18.3-21.7°C and suggested that tautog
move to cooler waier when borttorn water temperaturcs

approaches 20°C, even though tautog were observed at
the wreck when bottom water lemperature was 12 87C.
Examination of surface water trends in the days prior 10
these “absent” days reported by Adams (1993) reveal that
these “absent” davs occurred immediately after rapid
declines in surface water temperature (Fig. 38).

Rapid decline in surface water temperature is most likely
due 1o increased mixing following periods of heavy



precipitation or storm events. Rapid decline in surface
water temperatures vbserved in this study occurred during
Hurricanes Cindy snd Dennis. Tautog were detected daily
at the Texeco Wreck before and after, but not during
Hurricanes Cindy and Dennis. Given this observation,
movement deep into structure, as opposed to movement
away from structure, likely occurred during these storms.
These observations may also indicate why Adams (1993}
did not observe tautog at the 4A Drydock Wreck on 21
September, 4 October, and 21 October 1991, Adams (1993)
reported that during winter, tautog often were seen until
crevices in the 4A Drydeck Wreck were itluminated with a
flashlight, further supporting the suggestion that tautog
could move deep into the structure and be out of view of
SCUBA divers.

LIitrasonically tagged tautog released at sites near Cape
Charles, VA, tolerated a wide range { 3.27°C) of water
temperatures during this study. Rather than move to areas
of warmer water in the winter and cooler water in the
summer, tautog remained resident and decreased activity

slightly it response to the thermal extremes. Daily
detections of tagped tautog were greatest during the late
fall'early winter and spring. and tautog were diumally
detected on 76-80% of fish-days during these seasons.
Spring and fali are the primary fishing seasons for tauteg
in the lower Chesapeake Bay (White etal., 1997), which
also supgests that tautog are more active during these
scasons. Noctumal detections of tautog were preatest
during the winter, late spring/early summer, and late
summer seasons. Nocturnal detections attributed to
“spike™ detection patterns were greatest during full
moons, likely due to increased illumination. [ncrease in
tidal magnitude during full and new moons may also have
been a factor, particularly during the spawning season
when tautog are sensitive to tidal cyele (White, 1996).
Nocturnal detections attributed to “shift” detection
patterns during 1% and 3™ quarter moons may have
resulted from increased illumination during twilight.

Fig. 30 Surface water temperature at Chesapeake Light Tower (NOAA) versus bottom water temperature at the 4A
Drydock Wreck {Adams, 1993), June --October 1991. Red circles correspond to the date and bottom water temperature
for three occasions when Adams {1993) reperted tautog absent from the 4A Deydock Wreck while SCUBA diving.
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