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Section 1: Fishery Stocks and Dynamics

ProFiLiNG VIRGINIA HarD CraB Por FisHERY TECHNI QUES AND RESULTS

Anne G Rhodes and Leonard Shabman
Virginia Polytechnic Institute and State University, Surnvey Research Lab

Abstract: Effective Fishery management requires accurate data on the harvest, effort, cost, and price
levels in the fishery. This study uses a monthly sampling approach to gathering data from blue crab
harvesters in Virginia. There has been much concern expressed recently that effort levels in the Chesa-
peake Bay blue crab fishery may be increasing due to the decline of the oyster and finfish fisheries.
Before 1993 the only available data were harvest and price levels, which were gathered through a
voluntary reporting system, which relied on crab processors rather than harvesters for information.

This study attempted to gather information on fishery characteristics through a monthly sampling of
Virginia crab pot license holders. Our survey was well received by watermen, with a 60 % response rate.
Harvest, effort, cost, and price data, reported by each respondent for only one month, were aggregated to
the whole population and for the whole season. Our harvest and price estimates were two to three times
higher than published levels. Another finding was the diverse nature of the fishery, with the number of
pots fished ranging from 5 to 600 per day.

The most important finding of this study is that a sampling approach, rather than the current method
of a full census which was implemented in 1993, will gather more complete and accurate data. Not only
will the information be more complete because more questions can be asked without being cumbersome,
but also because monthly sampling will engender more support among the watermen, who are the ones

who must comply with fishery regulations.

I NTRODUCTI ON

Historically, Maryland and Virginia have
provided between 45 and 55 % of the U.S. hard
blue crab harvest and over 60 % of the soft crab
catch. In recent years, the blue crab has became
the main source of income for Virginia’s
watermen, as harvests of oysters and finfish have
declined. Over the last two decades, the total
harvest of blue crabs has fluctuated, but shows no
systematic trend. During the same period, how-
ever, the dockside value of blue crabs as a propor-
tion of total Chesapeake Bay landings has risen.
In 1970, the blue crab harvest was about 49 % of
the total food fish and shelIfish harvest value In
the Bay. In contrast, by 1989, the hard blue crab
harvest was about 70 % of the total value.

Despite the apparent long-term stability in
harnvest levels, the declire in other fisheries hes
focused attention on the status of the bllue crab
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Ffishery. Overharvesting, which may reduce
future population leels, isaomoem, as 192 ves the
lonest blue crab harnvest on record in Virginia in the
pest D years. As catch levels fluctuate fromyear to
year, shoving no real trerd in total hanest, the catth
per crab gear license issued jurped sharply in the early
1980s and then exhibited a slight dosward trend.
This is aauke meesure of fishing effort, inthata licase
is issued for a gear type rather than a nurber of gear
wits. There is aurrently no accurate measure of fishing
effort in the Virginiablue arab fishery. Hoeer, the
declire in catoh per arab gear liocase issued is often
cited as evidence of falling population levels.
Also, with increased recreational use of the Bay,
the recreational harvest for direct hame consump-
tion may be rising. Honever, there are few recre-
ational hanvest data available, o the extent of this
hanvest pressure is sinply a matter of speculation.
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For the Bay’s watermen, the increased reliance
on the blue crab as a revenue source has caused
those who harvest the crabs to complain of low
prices received for their product. Price trends
reveal that the real (inflation-adjusted) exvessel
prices of blue crabs (prices received by hanvesters
for fish and shelIfish landed at the dock) have not
declined in recent years, although the wide fluc-
tuations in price that occured in the early seven-
ties are no longer gpparent.

The lack of accurate data and careful economic
analysis of such data is a serious problem within
the industry. Landings reported to the National
Marine Fisheries Service (N\VFS) appear to have
been underestimated in the past (Vance, 1982), and
exvessel prices are gathered from large picking
houses, that may currently be taking less and less
of the market share of blue crabs.

The main purpose of this paper is to develop an
accurate picture of Virginia’s blue crab pot fishery.
In 1991, crab pots accounted for over 70% of the
hard and peeler crab caomercial catch in Virginia.
Because of this, the primary focus for this study is
the hard and peeler crab harvest by pots. \While
hard crab catch far exceeds that of peeler crabs, the
peeler crab industry in Virginia is important, as it
provides close to 60% of the annual U.S. soft crab
harvest. For this reason and because there are
some harvesters who fish both hard crab and
peeler crab pots, data will be gathered on both the
hard and peeler crab industries, and comparisons
between the two will be developed.

METHODS AND RESULTS

In orter to daracterize the fishery, aseries of
steps were taken to profile the Virginia blue crab pot
Fishery for 1992. The main source of data for this
profile was a series of monthly suneys of individual
license holders, conducted from March to Noverber
of 1992 ( Before the extersive profile of the fishery
began in 1992, a short survey was done in the
summer of 1991. This survey was designed to
determine the charactistics of people who enter and
exit the blue crab pot fishery and if these daracteris-
tics differ from those people who remain in the
fishery.) Inorder to meke the suney as efficient ad
useful as possible, a series of interviens were
conducted with people involved in the fishery. A
rough draft of the sunvey instrument was sent to
three watermen in Virginia, who included a peeler
crabber and two hard crab potters. All of these
watermen were members of the Virginia Marine
Resources Commission (VWWMRC) Blue Crab Subcom-
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mittee. These watermen were personal ly inter-
viewed, and they gave their conments on both
the merits and problems of the survey instru-
ment and on characteristics of the industry. The
survey instrument was also sent to personnel at
the WRC and the Virginia Institute of Marine
Science (VIMS) who, because they had both
previously conducted surveys of watermen,
were able to provide valuable insights on
survey design and implementation.

In order 1o better uderstand the hanvesting level,
two watermen were accompanied on their daily
crabbing runs-a peeler crab run on the York River
and a hard crab run in the Rappahanock River and
Chesapeake Bay. These trips provided insights into
the everyday work of watermen —from how the
boats are loaded in the moming to how the catch is
marketed in the aftermoon.

On the processing side, an interview was con-
ducted with a large picking house company in
Virginia. This interview provided information on
how processors operate, the competition they face,
and how the prices they offer to watermen are
formed. Another interview was conducted with a
soft crab harvester and wholesaler in Virginia, which
gave sone Insights into peeler crab price determination.

The basic objective of the suney instrurent in
this study was to provide primary data on inputs
and outputs from the crab pot sector of Virginia.
The survey was designed to gather data to be used
in estimating harvest and price functions for the
1992 season. Because both input and harvest levels
vary throughout the year, the survey was con-
ducted on a monthly basis from March to Novem-
ber. The potting season generally begins in mid-
March and ends in mid-November, but surveys for
March and November were combined with those
for April and October, respectively, totaling seven
separate survey instruments for the season.

A monthly sunvey was also chosen to avoid recall
problems that might result fron one mailing at the
end of a season and also because watermen were
required to provide catch data for onlly one month.
Few questions on costs were asked, except for the
Tixed costs that the crabber pays amually. This
helped to prevent nonresponses as the questions did
not requiire the watermen to provide all the financial
details of their goeration. Costs for variable inputs
were obtained in a telephone suney of selected
crabbers (those who, through their coments on the
suney, expressed concem for the fishery and a
wi llingness to provide additional information). The
surnvey was divided into two parts. Part | cortained
questiions for all of the respondents to ansier.



These included attitude questions about fisheries
policy, gereral daracteristics of the aradoer, ad foed
costsad inputs. Part 11 was 1o be answered by
those who crab potted during the month they
received a suney. This section included a monthly
calendar, on which respondents were asked to fill
in the number of bushels of peeler and/or hard
crabs that they caught each day. The rest of the
section asked questions about variable inputs
(bait, pots, labor, etc.) and marketing chanrels.
The survey ended with a section for additional
comments by the crabber.

The response results of the 1991 entry/exit
survey were used to determine the sampling
procedure for the 1992 survey. Only those who
held crab pot licenses in 1990 were considered for
sarpling, a total of 2,550 people (The 1990 list was
used as the 1991 list of license holders wes not
available from the WRC at the time of sampling).
Atotal of 533 people who fit this criteria re-
sponded to the 1991 sunvey. These people, because
they had responded to one survey, were removed
from the complete census and marked as the first
list. These 583 people were tested for representa—
tiveness of the population of license holders using
chi-sguare tests.  The onlly population daracteris-
tics available for all crab potters are age ad
county of residence. The sanple taken in the 1991
surnvey was found not to be significantly different
fran the overall popullation in either dharecteristic.
Therefore there was no age or location bias in this

Tabl e 1.

Responses to 1992 survey of crab potters

Section 1: Fishery Stocks and Dynamics

saple. T any other bias existed, it could not be
detected. Those who did not respond to the 1991
survey were removed from the list, as they would
probably not respond to a second sunvey. After
removal of those from the list who were known to be
deceased or had moved out of state, there were
approximately 1,250 people on the list who had not
been previously surveyed. These people made up
the secod list

A total of 1,204 people were surveyed over the
season. Because there were seven periods to be
surveyed, 172 people were surveyed each period.
These 172 people were drawn from two lists. The
First list was the 583 people who had responded in
1991. Each period, 83 or 84 of these people were
surveyed. These people were not dravn randomly,
honever. One of the questions on the 1991 survey
asked the respondents in which months they usually
crab potted. The list was divided over the months
so that each person received a surnvey in amorth in
which he normally crab potted. This procedure
ensured a higher response rate for part 1l of the
survey than might otherwise occur. The remaining
87 or 88 people were dramn randomly from the
previously unsurveyed license holders, using a
random number generator.

The response rates for each period are shown
in table 1. A total of 1,204 surveys were mailed,
36 of which were undeliverable. The overall
response rate for the survey was 62% A total of
720 surveys were returned. OF this number, 490

Period

Number of
Responses

Response
Rate %

March/April

May

June

duly

August

September
October/November

qEEERB®Y

RB3BRILE

Representativeness of surnvey responses based on chi-square test results

Age
Country of residence
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were usable surveys, as a number of surveys
were returned by those who did not crab pot in
1992 and some surveys contained incomplete
information. ( Many people who filled out part
11 of the survey (monthly data) filled out every-
thing except the monthly calendar. These
surveys were not considered incomplete because
they provided much other useful information.
Incomplete surveys included only those who did not
fully complete part 1 (gereral data).-

The survey data were tested for representative-
ness of the crab pot license-holders by performing
chi-square tests on the two statistics that were
known for the population-age and county of
residence. The results of these tests are shoan in
table 1. The chi-square statistics indicated no
difference between the samplle and the popullation,
and therefore the sarple is considered representa-
tive of the population and the folloving section
that characterizes the fishery refers to percentages of
the popullation rather then the suney responses.

The Li cense Hol ders in the Crab Pot Fishery

Data on the differences among crab pot license
holders and on the characteristics of their opera-
tions were gereral ly unavai lable before this study.
No information on the number of gear units or
nurber of days fished or vessel characteristics is
gathered when licenses are sold. This study pro-
vides much of this previously unknown information.

Table 2 presents firm characteristics for the
entire fishery, showing the range of license hold-
ers and the average and median license holders.
One important feature to note is that this is an
extremely diverse fishery, with vessel ages rang-
ing from new to over 60 years and with the
number of pots Fished ranging from 1 to 600. The
median values for pots fished and days fished per

season are lower than the average values, indicat-
ing that the majority of licase holders ted to ke
smaller operators.  Also, the average boat legth is 24
Teet, demonstrating the smallscale of nost license
holders. There is arelatively small group (about 16 %
of license holders) who are large-scale operators,
but the gereral indications are that this isnot a
capital- intensive fishery, with much high-tech
equipmentt and many big operators.

The crab pot license holders were divided into three
gereral categpries:
eMaryland Commerciial . Those who live in Maryland

but hold a Virginia crab pot license (3.4%)-
<Virginia Commercial . Those who live in Virginia

and derive any income from potting (64 %).
<Virginia Noncomercial . Those who live in Virginia
and derive no incame firam potting (2.6 %).

The Virginia commercial sector was further di-
vided by region, size of operation, and type of op-
eration. The results of the 1991 survey on entry and
exit in the fishery were also analyzed. The signifi-
cant findings include:

1. A small percentage of license holders are from

Maryland, but they are large operators.

2. Ore-third of the license holders are noncamercial,
but they tend to fish more than five pots.

3. Themgjority of crab potters fish less then 200 pots
per chy.

4. Tre largest fims in Virginia are on the Eastem Sore.

5. Those who hard crab pot only are the largest seg
merit of license holders.

6. People who buy a crab pot license every year
tend to be larger operators than those who get in
and aut of the fishery.

Table 2. Frmcharacteristics of the crab pot fishery.

Variegble: Min. Max. Mean Median
Hard pots fished 3 600 107 100
Peeler pots fished 1 500 135 100
Hard pot days per season 4 235 117 100
Peeler pot days per season 13 183 73 61
Length of crabbing vessel (feet) 12 50 24 20
Age of crabbing vessel (years) 1 66 15 12
Age of engine (Years) 05 83 8 5
Income from potting % 0 100 37 5
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Mar ket i ng Channel s

In the survey, questions were asked about what
percentage of the crabber’s catch went to altermative
marketing chanrels. Figure 1 gives the distribution
of the catch of all license holders catch, including
the catch of the nonconmercial sector, who keep
over 90% of their catch for personal use. About 8
% of the catch does not go through any marketing
channel . Figure 2 gives the distribution of the
catch of hard crabs and peeler crabs for comer-
cial potters in Virginia. Approximately 60% of the
hard crabs are going to a picking house, while the
remaining 40% are going to a nortraditional
marketing channel, with 2 % being kept for per-
sonal use. For peeler arabs, a higher peroantage are kept
for hare use, just over 8%. About half of peeler crabs
are sold to a shedder, with about one-third being
shed by the harvester and sold to a retail market.

Section 1: Fishery Stocks and Dynamics

Har vest Level s i n 1992

Harvest equations were modeled using monthly
data dotained fram the suneys, wirth the nurber of pot
days fished in the morth hypothesized to be the main
Tactor influencing hanest lewels for an individial farm.
Other variables that were hypothesized to have
influence included vessel length, years of crabbing
eqerience, crabbing region, and season of the year.

Figure 3 shows the procedures used to obtain
total industry hanvest lewvels for both hard ad
peeler crabs. A monthly harvest equation was
estimated from the sunvey data and this equation
predicted mothly hanvest levels for each individual
fim. These harvest levels were sumed over all
morths fished to dotain an annual hanvest level for
each firm. These annual harnvest levels vwere
summed over all firms and aggregated up to the

indstry leel.

Marketed
82%

Personal Use

9%
Figure 1.0 stribution of catch of all crab pot |icense hol ders.
(A) L ® B
Sold to Shedder
Picking Housse 55%

Ratail or wholeaal
»

Live, net ph
W%

Fishing Bait
9%

Personal Uss

6%
Retail or Wholesale

0%

Figure 2. Commercial narketing channel s for hard crabs (A peel er crabs (B).
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Harvest Calculations

'Monthly Catch = f(pot days fished, etc.)
Monthly Estimated Individual Harvest
Annual Estimated Individual Harvest
AnnuJ Estimated Survey Harvest

Annual Estimated Industry Harvest

Fi gure 3. Harvest aggregation procdures.

For hard crabs, monthly harvest was a function
of pot days fished, length of crabbing vessel, and sea-
son of the year. For peeler crabs, monthly harvest
was a function of pot days fished, years of crabbing
experience, and crabbing region. Annual hanvest lev-
els vwere estimated for four sectors of Virginia’s blue
crab fishery. (The first three of which are the sare as
the gereral categories cited above):
eMaryland Commercial
<Virginia Commercial
<Virginia Noncommercial
<Virginia Recreational

Table 3 gives the bllue crab harnvest levels for each
of these sectors, along with their 99% confidence in-
tenals. The aggregation techniques given in figure 3

were used to dbtain the blue crab harvest levels for
the Virginia and Maryland commercial sectors and
the Virginia noncomercial sector. The harnvest esti-
mates for the recreational sector were based on a report
published by the U.S. Department of Camerce in 1985
on recreatioal shelHishing in the Unirted States. Using
that report”s estimates of the nunber of amual recreatiaral
shelIfishing days in Virginia and the nurber of recre-
ational shrellfishers, and assuming that recreational
Fishers catch ane-quarter of a bushel of hard crabs a day,
the recreational catch in Virginiaves estimated to be ap-
proximately 16% of the comercial catch.

These numbers show that the commercial har-
vest is 84.5% of the total harvest of blue crabs in
Virginia. This result demonstrates that hanvest lev-
els, which are usually reported only as comercial
landings, may be significantly underestimated, and
may not be a true indicator of the total output of the
blue creb fishery.

1992 Exvessel Prices

Because the marketing channel analysis showed
that much of the bllue crab catch in Virginia goes to
nontraditional outlets where the price received may
be considerably higher than in traditional chanrels,
a two-step process was used to obtain 1992 monthly
exvessel price estimates for both hard and peeler
crabs. This process alloned for higher prices for a
portion of each waterman’s catch.

Hard Orab Prices

For hard crabs, the first stepwes to build a
predictive econometric model, based on historical
data. Monthlly hard crab exvessel prices were a
function of monthly landings, monthly wholesale
price, and month of the year. The historical price
data were used to bui ld this model was gathered

Tabl e 3: Harvest Estimates by Sector
Sect or Lower Limt (Ibs) Woper Linmt (Ibs) Aver age (I bs)
Maryland 4,952,470 6,256,270 5,578,870
Va. Commercial 24,216,706 66,025,613 55,121,159
Va. Noncommercial 849,019 2,018,011 1,433,515
Va. Recreational 3,124,620 16,533,84 9,786,712
Total 53,142,814 0,787,68 71,920,256




mainly from large picking houses, and so this
model only predicts the price the waterman will
receive at the picking house for crabs. The data in
Figure 2 suggested that exvessel prices, which are
currently reported as averages from the large
picking houses, may not accurately represent the
price that the waterman receives. Anecdotal data
suggest that while picking house prices may cor-
rectly represent the prices crabbers receive for their
smaller (#2) crabs, the priices for the larger (#1) crabs
appear 1o be two to three higher than the prices for
the #2 crab, (#1 crabs acoount for approximately
one-third of a crab potter’s daily catch). Honever,
there are no data on prices in altermative marketing
chamrels, nor are there any time series on the percen-
tage of catch going 1o each marketing channel .

A telephone survey of crabbers in early 1993
revealed that, on average, crabbers sell one-third of
their catch to a retail or wholesale market where
the price they receive is two or three times higher
than the picking house price. Therefore, a two-
price model was used to predict the average price
the crabber receives for his catch. The picking
house price, given by the estimated econometric
equation, was paid for two-thirds of the crabber’s
catch. The other one-third of the crabber’s catch
was assumed to bring a price 2.5 times higher than
the picking house price. The overall monthly
exvessel price was, therefore, 1.5 times higher than
the picking house price. The monthly prices
estimated by this method are given in table 4.
Prices are highest in the summer months, when
demand for crab meat is at its highest. Prices are
lonest the fall, when stocks of blue crabs are high
and demand is beginning to lessen.

Section 1: Fishery Stocks and Dynamics

Peel er Orab Prices

Soft crab exvessel price and landings data were
obtained from the National Marine Fisheries
Service. Soft crab whollesale prices were dbtained
from Uner-Barry, a private marketing company in
New Jersey. Initial attempts at modeling Virginia
soft crab exvessel prices as a function of Virginia
landings, wholesale soft crab prices, and season of
the year demonstrated no significant relationship
among these variables. Talks with soft crab
harvesters, processors, and wholesalers revealed
that because soft crabs are often shipped to north-
em markets for whollesaling and can often be kept
frozen for months, price discovery is often diffi-
cault. Another inportant factor in exvessel price
formation is that Virginia has a much lower share
of the national soft crab market today than it did
15 years ago. Currently Virginia provides about
60% of the national soft crab harvest, compared
with almost 90% 15 years ago (Whittaker, 1993).
This means that Virginia soft crab exvessel prices
are dictated more by national landings than by
Virginia landings.

Consequently, monthly exvessel peeler crab
prices were not modelled, but rather were taken
from WRC estimates for 1992. To account for
higher prices in altemative marketing chanrels,
the published price series was multiplied by 1.5.
table 4 summarizes the monthly 1992 estimates of
exvessel prices for peeler crabs. Prices are lonest
in April, when there are wide fluctuations in day-to-
day prices offered. BExvessel prices tend to settle in
May and remain fairly constant for the remainder
of the season.

Tabl e 4. Exvessel prices per pound for hard and peel er crabs i n 1992.

Period Hard Crabs ($) Peeler Crabs ($)
March Sl N/A
April & 1.78
May 77 291
June A 2.76
July iyl 2.76
August vl 2.P
September '] 2.7
October 7] N/A
November iS5 ) N/A
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Gonpari son w th Publ i shed Harvest and Price Level s

One of the main dbjectives of this study was to
gather accurate data on the fishery. These data
included both data currently unavailable, such as
characteristics of the license holders and the market-
ing chanrels used for hard and peeler crabs, and
data currently collected, such as harvest and price
levels, which may not be accurately reported.

The 1992 method for gathering published
harnvest and price data for Virginia’s blue crab
Fishery was a voluntary reporting system, whereby
the WRC collected data from those watermen
and crab buyers who were willing to report on
harvest and prices. One official at WRC con-
ceded that, through this system, onlly about 60% to
65% of the harvest was being captured (Ner, 1993).
In 1982, Vance concluded, through evidence of other
suneys and calaulations of net retums in the fishery,
that hanest lewels for Virginia’s blue crab fishery
were underreported by one-half (Vance, 1982).

Table 5 presents the data on harvest totals and
prices estimated from this study and the data
collected by WRC. The report harvest in table 5
from this study does not include the harvest by
Maryland crabbers in Virginia, as these nunbers
are not counted by WRC. The published data’s
hard crab catch is about 40% of the catch estimated
in this study, whille the peeler crab catch is only
about 30 % of the catch estimated in this study.
Hard crab and peeler crab prices are significantly
higher in this study, mainly due to the use of the
two-price model that accounts for altemative
marketing channel prices.

I MPLI CATIONS  FCR
COLLECTI ON

FUTURE DATA

An important finding of this study is the charac-
terization of the blue crab fishery. This fishery wes
found not to be capital-intensive as some fishery

managers and watermen claim. Instead the majority
of watermen are small scale, working from small
boats and Fishing fewer than 200 pots and can easily
erter and exit. A small segrent, about 136 of license
holders are large scale, fishing up to 600 pots a day
wirth large boats.  The diversity of the fishery is also
captured in the finding of a large noncommercial
sector, almost one-thiird of crab pot license holders.
There is also a large recreational sector, which is
not counted among license holders or in published
harnvest estimates.

Much has been written about and debated
regarding in the bllue crab fishery, but little in-depth
data collection has been done. This study has
shown conclusively that there are serious under-
reporting problems in the published data on the
blue crab fishery, both in hanvest and price levels.
This appears to mainly be a result of the voluntary
reporting system that was in place until 1993.

In 1993, a mandatory reporting plan was put in
place for all of Virginia’s fisheries, whereby each
waterman must fill out a daily record of his catch
and the price he receives. This policy has gener-
ated much rancor among the watermen, who feel it
is an unnecessary burden on them. The watermen
Teel they are not benefiting at all from this policy.

This study has provided an altermative and
effective method for gathering data in the fishery,
through a series of monthly surveys. The survey
instrument was wel l-accepted by the watermen,
wi'th over a 60% response rate and over 75% of the
responses providing comments on Fisheries policy.
IT this type of system were continued over a
period of years, each waterman would be sur-
veyed once every 2 years and only asked to
provide a month’s worth of data for his operation.
In the end, this type of sarpling, rather than a full
census, would probably gather better data, not
only because the information it would provide
woulld be more complete (marketing channels,
characteristics of the fimm), but also because it

Tabl e 5. Conparison of this study's estinates and publ i shed VMRC dat a on harvest total s and pri ces.

Category This Study VMRC Data
Hard crab comercial harvest (lbs) 53,201,713 19,712,233
Peeler crab camercial harvest (1bs) 1,919,446 518,770
Hard crab exvessel price per pound ($) 0.61 0.41
Peeler crab exvessel price per pound (%) 2. 1.73




would engender support among the watermen.

Perhaps the most significant finding of this study
is that the current information on the Virginia blue
ab fidery tooften is imoplete.  Inoter toeffectively
monirtor the fishery, manegers need both a better picture
of tre effort ad hanest leels intre fidery.
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I NDicEs oF LATER LIFE SrtAGES

Thomas C. Mbsca I Il, Herbert M Austin, and David M Pl ot ner
Virginia Institute of Marine Science

Abstract: Juvenile indices are employed in fisheries management to predict the future abundance of
harvestable adults. Frequently, regulations on the utilization of the resource, and a lack of fishery

independent abundance data, make verification of the prediction accuracy impossible.
Using the weighting system developed for a Chesapeake

of white perch in Virginia, this is not so.

In the case

Bay-wide index of juvenile striped bass abundance based on summertime beach seine data collected
in nurseryground waters, we developed a similar index for white perch in the Virginia portion of
the Bay. Regressions against Virginia Institute of Marine Science otter trawl survey indices (taken
in deep, mesohaline water during winter months) for young-of-the-year (r 2 = 0.719, p = 0.001) and
age 1+ (r 2 = 0.666, p = 0.001) white perch were significant and positive. These results lend support
for the continued use of juvenile indices for finfish management.

I NTRODUCTI ON

Indices of juvenile abundance are increasingly
being used as Fisheries management tools. The
1981 striped bass management plan adopted by
the Atlantic States Marine Fisheries Commission
(ASMFC) used an index of juvenile abundance as
an indicator for tightening or relaxing fishing
regulations. This juvenile index is constructed
from the beach seine survey of the Maryland
Department of Natural Resources. The ASMFC
plan contained no enforcement provisions. The
Tederal Atlantic Coast Striped Bass Conservation
Act of 1986 codified the use of the Maryland
striped bass juvenile index, ad is the first instance
of a juvenile index becoming part of law. The
Atlantic Coast Fisheries Conservation and
Management Act of 1994 makes ASMFC man-
agement plans binding on the states, with
noncompliance triggering a federal moratorium.
Many of the ASMFC management plans rely on
Juvenile indices, such as those for summer
flounder, bluefish, and weakfish.

The use of a juvenile index assumes there to be
a positive relationship between the abundance of
young-of-the-year (YOY) fish one year and subse-
quent adults. It is highly desirable 1o confim the
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existence of this relationship. The Maryland
striped bass index was validated by comparison
with the commercial harvest on following years
(Goodyear 1985). When the size of the comercial
catch depends on regulation instead of stock
abundance (as does striped bass naw), this method
cannot be employed. What is needed then, is a
Tishery-independent measure of adult stock size.
For white perch (Morone americana), we were able
to construct a juvenile index and demonstrate a
solid relationship to subsequent one-year-olds.

The Virginia Institute of Marine Science (VIMS)
conducts a summer beach seine survey to evaluate
the abundance of YOY striped bass (Colvocoresses
1984). This survey takes place in the upper reaches
of the rivers, in shallow water, adjacent to shore.
Because the congeneric white perch uses the same
spawning and nursery grounds (Rinaldo 1971,
Setzler-Hami Iton 1991, Cowan and Rose 1993), this
species is captured as well, and data on all species
in the seire are kept.

VIMS also operates a year-round trawl survey
of the lower portion of the Chesapeake Bay and
the mjor Virginia tributaries. Each month, sites in
the James, York, and Rappahannock Rivers, and



the Bay proper, are visited and sampled witha 9.7-
meter semi-bal loon otter travl (Bonzek et al. 1993).
The survey is designed “to produce annual indices
of juvenile (young-of-year) abundance of commer-
cially, recreationally and ecologically inportant
marine and estuarine Finfish and crustaceans”
(Bonzek et al. 1993). White perch is anong the
species for which a juvenille index is produced.
This makes possible a second index of abundance
produced concurrently with the beach seine suney.

While the VIMS trawl survey program is not
designed to sample adult populations, in the
case of white perch i1t does so very well. From
these data, an index of age 1+ fish is produced
(Bonzek et all. 1993).

METHODS

Using a Chesapeake Bay-wide striped bass
Juvenile index as amodel (Austinet al. 1993), we
constructed a similar index for white perch in the
mgjor Virginia tributaries of the Bay. These indices
are weighted, geometric means. The basis of the
white perch juvenile abundance index is catch —per
-unit effort data col lected by the VIMS beach seine
survey (see Colvocoresses 1984) in the months
Jully - September. The Chesapeake Bay-wide
striped bass index used a weighting system based
on the surface area of the respective spawning
areas within the mgjor tributaries of the Bay - the
James, York, and Rappahannock Rivers (in
Virginia), and the Potomac, Choptank, and
Nanticoke Rivers and the area known as the Head
of the Bay (in Maryland). We used the weights
fram the Virginia rivers.

On a monthly basis, the VIMS trawl survey
visits each of the three mgjor Virginia rivers ad
the Chesapeake Bay proper. Data for certain
months and certain areas are used in the construc-
tion of abundance indices for particular species. In
the case of white perch, it would not make sense to
include Chesapeake Bay data in the index, because
the salinity precludes white perch being found
there. Also, inwarm-water months, white perch
leave the deep-water areas sampled by the otter
trawl. Thus, the white perch otter trawl indices are
constructed from data from the upper reaches of
the rivers, taken in the months Decenmber-February
(YOY) and November-February (age 1+) (Geer et
al. 1993). Further, there are two strata per river
(up-river and dowmn-river), of which onlly the up-
river strata are used in calculating white perch
indices (Geer et al. 1993). The trawl surnvey white
perch indices used here were prepared by VIMS
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(Christopher F. Bonzek, VIMS pers. comm).

The indices are constructed by taking the
weighted means of the log-transformed catch-per-
haul data, and performing a
“back-transformation,” as folloas:

Here k = 1 = James River, 2 = York River, and 3 =
Rappahannock River. The weighting factors (wt)
for the beach seine index were calculated from the
spawning areas of the respective rivers, and the
weights for the trawl indices were calculated from
the surface aress of strata within the rivers. Inthe
above equation, n represents the number of times
the Kth river system was visited in a particular
year -

The construction of the beach seine juvenile
index presented here differs slightly fron the
index of Austin et al . (1993) in the location of the
weights and the back-transformation. The index
was modified so that it would be directly compa-
rable to the indices constructed by the trawl sunvey
team. The VIMS beach seine survey was not
conducted during 1974-79, owing to a lack of
funding. We used the uninterrupted data from
1980 to the present. However, the trawl survey
Juvenille index begins in 1982, so data for the years
from 1982 to 1992 were used when comparing the
two juvenile indices. The VIMS age 1+ index
begins earlier, and we were able to compare the
beach seiine suney juvenile index from 1980 to 1992
wirth the trawl suney age 1+ index from 1981 to 1993,
respectively lagged one year.

Indices of juvenile abundance were compared
using linear regression, with the seine suney
index being the independent variable. Because the
two indices are spatially and temporally indepen-
dent, this provided a corroboration of the validity
of the beach seine suney to accurately reflect
trends in the juvenile population.

The beach seine juvenile index was regressed as
the independent variable against the trawl survey
age 1+ index, lagged one year. This tested the
ability of the Juvenile index to predict trends in the
population abundance of subsequent one-year-olds.
This analysis assures that the trawl sunvey age 1+
population is dominated by one-year-old fish.

RESULTS

Regressiion of the beach seiire juvenile index against
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travl suney juenile index (figure 1) produced a highly
significant relationship (Z=0.597, p=0.008). Thee
indices are entirely indegpendent of each other, ad are
also gatially and temporal ly disjoint. 1T two
independent measures of a population disagree, it
is impossible to say that one or the other is correct.
Honever, an analysis such as this one gives strong
support to the hypothesis that both sampling
methods are adequately sampling the populations
on which they are employed, and that the popula-
tions are one and the sare.

The juvenile index created from the beach
seine data was used to predict the abundance of
ae 1+ fish, again by linear regression (figure 2).

The fit of these data (2 =0.219, p = 0.107) was
flawed by a single outlier inY (1985). This
outlier was confirmed by examination of the
residuals, and was determined to be elevated by
large trawl survey catches in the Rappahannock
River. Inspection of the raw data revealed that
catches were consistently high in the
Rappahannock River that year, and we feel that
some environmental effect (e.g., frestwater
discharge, temperature) probably caused sur-
vival of the 1984 yearclass to be particularly
high, despite it being a fairly small yearclass.

After deleting the 1984/85 data pair, the
beach seine juvenile index predicted the trawl
survey age 1+ index very well. Regression
(Figure 3) yielded a highly significant relation-
ship (2 =0.703, p<0.001).

DI SCUSSI ON

Several attenpts at validating indices of juve-
nile white perch abundance have been made, but
with little success. One attenpt (Barth et al . 1933)
met with difficulties in the fishery-dependent data
such as inconsistent and unusable estimates of
effort, keypunch errors, and a lack of age-structure
information. Difficulties vere also found in the
Fishery-independent (beach seine) data, In particu-
lar the break in the Virginia time series during
1974-79. Another attempt at validating a white
perch juvenile index against comercial landings
on the Choptank River in Maryland. (Bolgiano
and Boswell 1987) met with limited success by
lagging the index three years.

There exists a question of the age conposition
of the age 1+ stock. At present researchers at VIMS
are pursuing research designed to reveal a length-
at-age relationship in the age 1+ trawl sunvey
catch. When this information becomes available it
will be possible to know with better certainty the

Beach seine YOY index

[ ]
40
5
g Y = 21.033X - 13.716
" gl = 0597
5 p = 0003
>
o)
g o0
[
3
n
5 10f
—
| =
[ ]
O [ ] I 1 1
0.0 05 10 15

2.0

Figure 1. Trawl survey YOY i ndex regressesd

agai nst t he beach sei ne survey YOY i ndex.

605
8 ® Y = 168I6X + 6535
2 _
£ sof r< = 0219
+ p = 0107
o 40"
o
4]
E\ 30(
[
a 20f
=
E 10F s ® .
0 L 1 |
0.0 0.5 10 15 2.0
Beach seine YOY index
Figure 2. Traw Survey age 1 + i ndex regresed
agai nst t he beach sei ne YOY i ndex.
8 9 v = 19700x + 0670
& 2 = 0703
X 30F p < 0001
L
[o)]
4]
& 20f
o>
i
=
w0
% lof
o
|30
O 1 1 J
0.0 0.5 1.0 1.5 20

Beach seine YOY index

Figure 3. Traw survey age 1 + index regressed

agai nst t he beach sei ne YOY i ndex wi th one
extrene dat a pai r del et ed.




age composition of the 1+ stock. We feel that the
very significant relationship seen in the juvenile
index versus age 1+ scatter plot (Figure 3) could
not have occurred were the age 1+ stock not
dominated by one-year-old fish.

The recreational and commercial fisheries for
white perch in Virginia are important, and
considerable fishing pressure exists (pers. obs.).
Although no long-term downward trend is
apparent in the index of age 1+ white perch
abundance (Figure 4), or the Virginia commercial
landings data (figure 5), the potential certainly
exists. It is interesting to note that the 1987
commercial harvest in Virginia is unusually
large (Figure 5), following two years after an
anomalously high age 1+ trawl survey index
(figure 4), suggesting that the comercial catch
may have been dominated by three-year-old
Ffish. However, this seems unlikely. Three year
old white perch would be 100-125 mm in length
(Piavis 1993), which is too small for the food
market. The catch would have been early in the
spring, before crab-potting activity, and we do
not know of white perch being used by the cat
food canners. Also, gill nets are sized to avoid
catching fish this size.

Until such time as the age composition of the
commercial harvest is established, we are
unable to predict trends in the catch. We pro-
pose to sample the harvest in the near future to
determine the age structure of the market catch.
This will enable us to construct a model predict-
ing catch from the beach seine juvenile index.
Effort data remain problematic.

Using fisheries-independent data, we have
confirmed that the beach seine juvenile index
accurately predicts the subsequent size of the
one- year-old population. Because so few
indices of juvenile abundance have been vali-
dated, the good agreement of the white perch
Juvenile index with the age 1+ index should be
taken as circunstantial evidence for the credibil-
ity of using juvenile indices in making manage-
ment decisions. ldeally, each index should be
tested for prediciting accurately the trend in
adult population size. Honever, this is not
always possible (e.g., Austin et al. 1993). This
study lends support to the concept that manage-
ment agenciees (and undoubtedly will) continue
to use indices of juvenile abundance as a key
management tool to provide stock assesment.
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Lost anD FounD GeENeraTIONs oOF CHESAPEAKE Bay StriPED Bass: | MPROVEMENT I N
YEARCLASS REPRESENTATION DuE TOo THE 1985-1989 MaRYLAND STRIPED Bass NbrRATORI UM

D H Secor H Hornick, R Schaefer and J. Markham
Center for Environmental and Estuarine Studies Maryland Department of Natural Resources

Abstract: The decline in abundance of Chesapeake Bay striped bass in the 1970s was believed to be the
result of recruitment overfishing in Chesapeake Bay and the high rate of exploitation on the coastal
migratory stock. A 12-inch minimum size limit in the Chesapeake resulted in large catches of immature
2-, 3-, and 4-year-old female striped bass, which may have drastically curtailed the population’s ability
to replenish itself. Fishery - independent stock assessments conducted in the early 1980s indicated that
few Fish produced in the 1970s were contributing to reproduction. Recently, it was found that ten
generations of striped bass spawned from 1972 to 1981 were missing, based upon otolith age estimates of
large female striped bass (36 to 51 inches, total length) sampled in 1992. Striped bass spawned between
1961 and 1971 persisted in the 1992 population and probably were the most important contributors to
recruitment throughout the 1970s and early 1980s. Since the moratorium was emplaced, age-classes that
make up 2% or more of the total spawning stock catch-per-unit effort in Maryland have risen. The
number of such age-classes steadily increased from four to ten, and two years of good recruitment have
been observed (1989 and 1993). These are positive signs that the population is recovering. Striped bass
populations can persist during long periods of poor recruitment due to longevity of individual females.
This tactic probably evolved in response to variable environmental conditions in nursery habitats, which
frequently cause poor recruitments in anadromous species with temporally restricted spawning times.
Longevity also affords striped bass a level of resiliency against an extended period of recruitment
overfishing.
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Linki NG EcosysTEm LEVEL Processes W TH PopuLATi oN- LEVEL Responses:  THE | MPORTANCE
oF VAR ATION AMoNG SpeEclEs IN Prebicting EFFecTs oF EsTuarRiNE  EUTROPHI CATI ON

Deni se Breitburg
The Academy of Natural Sciences

Aostract - In 1926 N. A. Gleason published '"The Individualistic concept of the Plant Association™ (Bulletin of
the Torrey Botanical Club 53:7-26), in which he emphasized the importance of focusing on each species’s
response to a variable and varying environment in order to understand species associations. In contrast,
studies of coastal eutrophication often deal with broad taxonomic categories, trophic levels, or whole commu-
nities for investigations of the dynamics and effects of high nutrient loadings. This broader approach may be
entirely appropriate for certain kinds of research questions, especially those focusing on lover trophic levels.
However, my research on effects of low dissolved oxygen on trophic interactions involving fish larvae, their
predators, and their prey strongly indicates that Gleason’s "‘individualistic" approach is critical to an under-
standing of the excess nutrient loadings and resultant oxygen depletion on upper trophic levels.

The goal of ongoing research in my laboratory and in collaboration with Houde and Kiester at the Chesa-
peake Biological Laboratory is to determine how oxygen depletion, which is common in bottom waters of
stratified coastal systems, influences trophic interactions and recruitment of estuarine fishes. In Chesapeake
Bay, subpycnocline oxygen concentrations decline during summer to levels that can be physiologically
stressful or lethal to animals dependent on aerobic respiration. Field sampling (Keister, Houde, and
Breitburg, unpublished data), laboratory behavior experiments (Breitburg, this paper and Breitburgetal .,
Marine Ecology Progress Series 104 [1994]:235-246, in press), small-scale predation experiments (Breitburg et al..
1994 and this paper) and mesocosm studies (this paper) indicate that the effects of low oxygen vary among
interacting pairs of species in a single zooplankton /fish larvae /larval predator food web. The net effects of
oxygen depletion are therefore determined by how dissolved oxygen influences each individual species’s
vertical distribution, attack rate, and escape behavior.

During 1992-93, 1 tested the effects of low oxygen on capture of naked goby (Gobiosoma bosc) and bay
anchovy (Anchoa mitchilli) larvae by two important predators, sea nettles (Chrysaora quinquecirrha) and
Juvenile striped bass (Morone saxatilis) in 1-m3 mesocosms.  In addition, for one predator, the sea nettle,

1 tested the effects of low oxygen in 80-liter cylindrical containers on a suite of prey that varied in
swimming velocity and escape ability under oxygen-saturated conditions. These prey were bay anchovy
eggs (passive prey, no escape behavior), naked goby larvae (most rapid swimmer and lowest capture rate
under oxygen saturated conditions), and copepods (mostly Acartia tonsa, assumed to be intermediate in
both swimming speed and probability of capture).

Low, but nonlethal, dissolved oxygen concentrations resulted in dramatically increased predation on fish
larvae by sea nettles, but decreased predation by juvenile striped bass and adult naked goby on these same
prey. Predation by a single predator, the sea nettle, increased for fish larvae, decreased for fish eggs, and wes
not significantly affected for copepods at low dissolved oxygen concentrations. Increased predation occurred
when the escape behavior of active prey was compromised; decreased predation was likely a function of
decreased encounter and attack rates resulting from decreased swimming and feeding behaviors of predators.

Because of the variation in effects on trophic interactions, low dissolved oxygen may cause major alterations
in the relative importance of different pattways of energy flow in the Bay system. Furthermore, because the
shifts seen occur at moderately low oxygen concentrations, they may be important in a wide variety of systems.
The extent of shifts is likely to depend on the requirements and behaviors of the individual species in each
system. Spatially explicit and individual-based modeling techniques are now being used to link the effects of
nutrient loading to recruitment of estuarine-resident fishes, and to predict the net effect of the varied interac-
tions caused by summer oxygen depletion.
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Ohio University
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Abstract: We report the effects of differential survivorship and environmental sex determination on the
nesting habitat requirements of the diamondback terrapin (Malaclemys terrapin). Nesting beaches used by
the diamondback terrapin covary in nesting density and predation, rate suggesting that nest predation is
density-dependent. Additionally, we report the results of an experiment that manipulated nests on a
single nesting beach for 2 years. These nests were placed in a variety of microhabitat types throughout
the nesting seasons of 1989 and 1990. Of the 185 hatchlings that were produced from these nests, 184
were male and 1 was female as a result of environmental sex determination. The consequences of density-depen-
dent predation and environmental sex determination strongly suggest that effective management or
conservation of the terrapin includes the preservation of a wide variety of nesting habitats. Preserving only high-
density or south-facing nesting areas could disrupt recruitment and alter population sex ratio.

I NTRODUCTI ON

Habitats used for reproduction are essential to
the successful existence of a species. Frequently,
these habitats may be used for an extremely brief
period during the life cycle of the organism;
honever, even partial destruction or alteration of
these habitats could adversely affect population
dynamics. Additionally, variation in the predation,
resource, or biophysical environments among
habitats used by a particular species frequently has
differential effects on its population level processes
(Dunham et al. 1989, Dunham 1993). We present
evidence from the diamondback terrapin
(Malaclemys terrapin) and illustrate how variation
in the predation and biophysical environment can
affect nesting success and sex ratio.

The diamondback terrapin, is an estuarine
emydid turtle that ranges fram the Gulf Coast of
Texas 1o Cape Cod, Massachusetts. Though typi-
cally a coastal species restricted to the lagoons and
embayments that lie behind the sand dunes of
barrier islands in Chesapeake Bay terrapin popula-
tions pernetrate far inland in the tributaries where
estuarine conditions exist. Inland waters of the Bay

lack the elevated sand dunes that are used by
ternrgpins for nesting in aoestal pgoulatias; instead,
terrapins nests on narrow isolated sandy beaches
foud on the fringes of salt marshes (Roosenburg 1999).
The nesting areas in Chesapeake Bay vary
considerably in size, elevation above high tide,
orientation with respect to the sun, and distance
from the water.

The diamondback terrapin has two unusual
requirements for its reproduction. First, the
terrapin is one of the few species that lives ad
Teeds in the waters of the Bay, but must be able to
transcend the intertidal zone to successfully
reproduce. Failure to reach areas above the mean
high tide frequently results in the death of develgping
enbryos. Second, terrapins require a restricted
range of thermal conditions on nesting beaches to
ensure appropriate sex ratios because they exhibit
environmental sex determination (ESD) as a
species (Jeyasuria et al. 1994, Roosenburg and
Kelley in press). ESD occurs in most species of
turtles and all crocodilians (Bull 1980, 1983 Enert
and Nelson 1991; Janzen and Paukstis 1991).
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Temperature is the primary environmental factor
that inflluences sex in turtles, and when eggs are
incubated at a constant temperature, there is a
narrow threshold range (approximately 20 C) that
produces mixed sex ratios. For terrapins, constant
incubation temperatures of 28.5° C t0 29.5°C
produce mixed sex ratios. Ecologically, the most
interesting consequences of ESD are that a nest
placed in a particular nesting location usually
results in offspring that are all the same sex @ull
1985, Vogt and Bull, 1984).

METHODS

Since 1987 one of us (Roosenburg) has been
conducting a detai led study of the nesting
biology of the diamondback terrapin. Two
nesting areas, Marsh Point Beach and Burton’s
Beach, located on the western shore of the
Patuxent River approximately 8 km south of
Benedict, Maryland, were monitored through-
out the nesting season from 1987 to 1991. Marsh
Point Beach is a small sandy strip that faces
southeast and is approximately 0.20 hectare;
Burton’s Beach faces east-northeast and is
approximately 0.25 hectare (Roosenburg 1994).
(Further details of the methodology can be
found in Roosenburg 1990, 1991, 1992). Briefly,
all nests that were discovered were identified
and monitored dai ly throughout the incubation
period for predation.

To understand how the natural incubation
environment affects sex determination, we
conducted a series of experiments in which we
placed artificial nests of terrapin eggs in differ-
ent microhabitats on Burton’s Beach. Eggs were
collected from several different beaches along
the Patuxent River, but away from the study
site. The eggs were taken back to the laboratory,
weighed and randomly assigned to experimen-
tal nests of 12 eggs each. During 1989 and 1990
three nests were placed in each of nine different
microhabitat types. Microhabitat types were
cross—classified according to exposure to direct
solar radiation, in terms of sun (> 8 hrs),
semishade(4-8 hrs), and shade (< 4 hrs), and to
the amount of vegetation in the area, in terms of
open (O stems/0.25 n?), edge (1 - 50 stems/0.251%),
and vegetation, (> 50 stems/0.25 m2). We took
advantage of natural variation in vegetation to
manipulate the vegetation and we used artificial
shade cloth (70% blockage) to manipulate the
exposure. Our expectation was that warmer
microhabitat types woulld produce females
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while cooler sites would produce males.

All hatchlings that emerged were taken back to
the laboratory, killed, dissected, and sexed based
on the gross morphology. Females were identified
by the presence of Muellerian ducts and the presence of
a translucent ovary. Males were diagnosed by the
presence of a small opague testis and lack of or
regressing Muellerian ducts (Yntema 1981).

RESULTS AND DI SCUSSI ON

Marsh Point Beach had a greater number of
nests than Burton’s Beach during each of the 5
years of the study (figure 1). Predation rates of
nests varied (30-94%) depending on the year and
the beach (Figure 2). Raccoons destroyed from 59%
to 70% of the nests, folloned by foxes (6-9%) and
otters (1-3%) during the 5-year study. The preda-
tor could not be determined for 18-35% of the nests
destroyed. Predation rates of terrapin nests were
greater on Marsh Point Beach than Burton’s Beach
for each of the 5 years of the study (figure 2).

These results suggest that predation may be
density-dependent because Marsh Point, which
has a higher density, had a much greater predation
rate than Burton’s Beach, the lov-density nesting
area. To corroborate the findings that predation
rate may be positively correlated with nesting
density, data of additional nesting areas are
needed. As a consequence of the density-dependent
predation, Burton’s Beach produced 369 hatchlings
over 5 years, compared to 30 hatchlings produced
on Marsh Point Beach. The difference in recruit-
ment between the two beaches suggests that sites
that have low nesting densities may actually have
a greater impact on the terrapin populations than
similar sized beaches with higher nesting densities.

We do not know what the predation rates on
terrapin nests have been over the evolutionary
history of the species. However, anthropogenic
causes have eliminated the natural predators of
racooons and foxes, increasing their density.
Additionally, the collapse of the fur market oving
to public opinion conceming the use of fur has
further decreased mortality of turtle nest preda-
tors. Qur study and others suggests that increas-
ing raccoon and fox populations pose a serious
threat to turtle populations (Congdon et al. 1993).
The nest predator problem in Chesapeake Bay may
be further exacerbated by the increased develop-
ment of shoreline areas, reducing the trapping and
hurtting of raccoons and foxes that traditionally
have taken place in rural areas. Raccoons, in
particular, are opportunistic animals that appear to



thrive in suburban environments that are rapidly
developing in waterfront areas. The corbination
of all these factors may result in historically high
levels of predation on terrapin nests, shifting the
burden of recruitment on nesting areas that may be
marginal or somewhat less preferred for nesting.
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Fi gure 1. The nunber of nests found on the two
nesti ng beaches during the 5-year study. Both
beaches are almost equivalent in size (see text).
Marsh Point Beach is a high-density nesting site,
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density dependent.
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The interesting question remains, Wy do
terrapins continue to nest in areas with high preda—
tion rates? e offer two hypotheses. The first
hypothesis is predator satiation-saturating a beach
with eggs may provide enough food to satiate the
predators and ensure that some terrapins are left to
hatich before the predators can discover them,
analogous to the masting phenomenon observed in
many trees. Unfortunately, the increases in predator
populations may result in the inability of terrapins
to satiate the predators.  The second hypothesis
suggests that nest sirte fidelity dosened in terrapins
(Roosenburg 1990) constrains terrapins to nesting on
particular beaches and that natural ly fluctuating
levels of predator populations in certain years
produce a high number of terrapin offspring on
high-density beaches when predation is low.

Our experimental nests produced 185
hatchllings from 648 eggs. OF these 185 hatchlings,
63 resulted from nests that were placed in warmer
microhabitats that were anticipated to produce a
high proportion of females. Contrary to our
expectations, 184 of the 185 hatchlings were male
and 1 was a female. This result suggested that
there may be qualitative differences among
beaches with regard to the sex ratio of the recruits
that are produced on these beaches. Because the
majority of the microhabitat types that we chose
were cooler sites (Roosenburg 1992), we expected a
male bias in our sex ratio. Honever, the sex ratio
bias we observed was far greater than we antici-
pated. Vogt and Bull (1984) observed variation in
sex ratics of nests aving to microhebitat differences;
honever the hatchling sex ratio of their nesting
areas was female-biased.

Two likely explanations exist for the biased sex
ratiowe cbsernved. First, nests were planted at
times that resulted in the temperature-sensitive
stage occurring when it was too cool to produce
females. This explanation, honever is unlikely
because nest, were planted in both warm and cool
microhabitats throughout the summer, and the
likelihood is low that they all would incur only
male producing temperatures based on the
arbient climatic conditions during the time of sex
determination. The second explanation is that
the beach that was used for the experiment has
certain properties that constrain it to being a
male-producing beach.

There are two physical features of nesting
beaches that might have an overriding effect on
the microclimatology of a nesting area. First,
orientation of the nesting beach with regard to
the sun (e.g., beaches that face to the south) may
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be warmer beaches compared to beaches that
Tace to the north. The solar flux that impinges
on an object is a function of the cosine of the
angle created by the “normal”” (a line extending
perpendicular from the surface) and the angle of
the suns rays (figure 3 [Gates 1980]). As the
angle created by the normal and the suns rays
decrease, the solar flux owing to solar radiation
increases (Figure 3). Thus, beaches that face to
the south have a smaller angle and are likely to
have warmer sand temperatures than beaches
that face to the north (Figure 3). The beach used
in our experiment faced east-northeast. Al-
though 1t was exposed to direct sunlight, the
angle of the incoming solar radiation may not
have warmed the sand as much as on beaches
that faced to the south where the angle may
have been less acute throughout the day.
Second, elevation of the nesting area above
mean high tide could affect temperatures of the
nest. Terrapins usually nest within 10 m of the
water’s edge. The proximity of the nest to the
weter indicates that the subterranean water level
under the nest is determined by the rise and fall of
the tide. Nests on beaches with less elevation are
cooler than nests at higher elevation sinply by
decreasing the length of the thermal gradient

Beach Orientation
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Figure 3. The rel ati onshi p bet ween the angl e of a
nesting site and the solar flux onthat site. The
solar flux is a function of the cosire of the aglei
determined by the “normal”” of the surface and the
sun®s ray. Beaches facing to the south decrease the
angle i and thus receive a greater heat load than do
beaches facing to the north. Thus, north-facing
beaches may be predominately male-producing
whi le south-facing beaches may be predominately
female producing.
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between the water and the nest (figure 4). Thus,
nesting areas well above mean high tide are
likely to be warmer than beaches with less
elevation. Conversely, nests that are on higher
beaches may be buffered from the cooling via a
greater distance from the high tide. Burton’s
Beach has comparatively less elevation than
some of the other nesting areas we have ob-
served along the Patuxent River.

Beach Elevation

-

Tidal Amplitude

=

Figure 4. Rel ationship between t he subt erranean
water | evel deternined by the tide and the el eva-
tionof the beach. Beaches with lower elevation
decrease the length of the thermal gradient and thus
are likely to have loner temperatures than beaches
with greater elevation. A represents a nest on a high
(warmer) elevation beach and B represernts a nest on
a low (cooler) elevation beach.
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CONCLUSI ONS

Biased sex ratios of recruits ad densirty-dependent
predation have interesting consequences for the
management and conservation of terrapin popula-
tions. First, aur findings indicate that nestiing areass
that are not as heavily used by females may play an
important role in maintaining populations. Second,
envirommental sex determination may result in
certain beaches that produce mostly males and other
beaches that produce mostly females. Though our
data do not equivocal ly demonstrate that this is the
case, they do suggest that there are nesting areas that
antribute differential ly to the different soes.
Currently, there is a need to understand the
ecological consequences of ESD in terrapins and
in other reptiles that exhibit this peculiar form
of sex determination, particularly as it relates to
management and conservation.



A management strategy for terrapins within the
Bay needs to consider the possibility that some
beaches may be important for producing females
while other beaches may be important for produc-
ing males. Elimination of certain beaches through
bullkheading or other forms of shoreline develop-
ment could ultimately have an impact on the sex
ratio of local populations. Additionally, shoreline
manipulation that may affect the elevation of the
avai lable nesting area might also affect the sex
ratio of the recruits on a particullar nesting beach.

Preservation of a few high-density nesting areas
in locations where terrapins are known to occur
may not be sufficient to maintain local popula-
tions. As historical nesting sites are eliminated by
bulkheading or predator populations continue to
increase, there are two consequences that can
impinge on terrapin populations. First, terrapin
populations can decrease because females are
forced to nest in marginal habitats where nest
survivorship is low (Roosenburg 1992). Combined
with large or increasing predator populations, the
nurber of recruits entering a population may be
dramatically reduced. The second consequence is
the alteration of the sex ratio. Beaches targeted for
preservation may be biased in the sex ratio of
recruits resulting in an unbalanced adullt sex ratio.
The importance of our findings to management
considerations of terrapins and other species with
ESD is far reaching. Further work is needed to
determine the interaction between, and the eleva-
tion, orientation, and sex ratio of nesting aress to
adequately describe critical attributes of nesting
beaches. Until this information is available,
preserving areas where nesting occurs represents
the only logical choice. Similarly, preserving only
high-density nesting areas may not adequately
maintain viable terrapin populations or balanced
X ratics.
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STUDYING THE M GRATORY PopruLATiON oOF CoaAsTAL BoOTTLENOSE DOLPHI NS
(Tursi ops TRUNCATUS) IN VIRGNIA

W M Swingle S G Barco, W A Mlellan, and D. A Pabst
Virginia Marine Science Museum James Madison University

Abstract: Following the mass mortality of bottlenose dolphins, Tursiops truncatus, along the U.S. East
Coast in 1987-88, it was clear that little was known of their population status in the region. 1In 1989, the
Virginia Marine Science Museum (VMSM) initiated Operation Dolphin, a long-term study of Virginia’s
coastal bottlenose dolphins. Primary components of the study include (1) development and curation of a
dolphin photo-identification catalogue for Virginia, (2) analysis of the structure, movements, distribu-
tion, and size of this transient dolphin population, and ( 3) examination and analysis of stranded dol-
phins in the state. Currently the Virginia catalogue contains more than 250 individuals that have been
identified. Results from the photo-ID study indicate both annual and within season migrations of
bottlenose dolphins through Virginia coastal waters. Resights include one dolphin present during all 5
years of the study and many individuals present in multiple years. Observational and stranding data
support the hypothesis that dolphins congregate and raise their young primarily around the Chesapeake
Bay mouth. Shore-based and boat surveys along Virginia’s ocean coast have provided a broad picture of
the distribution of the dolphin population and generated population size estimates of over 300 dolphins.
Operation Dolphin provides preliminary data for the long-term study of the migratory population of
coastal bottlenose dolphins found off the coast of Virginia.
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