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1. Abstract

Monkfish (Lophius americanus) support important commercial fisheries in the Northwest
Atlantic. Although life history information is available for smaller monkfish, the biology of
large monkfish is poorly understood. During 2006 and 2007, 631 monkfish 69 cm and larger
(maximum size 118 cm) were collected from commercial gillnet fishermen operating in the mid-
Atlantic Bight and in the Gulf of Maine to investigate: (1) growth rates of large monkfish; (2)
reproductive biology; and (3) rates of cannibalism. All of the large monkfish collected were
females ranging in age from 8 to 13 years. Growth rates were highest during the 2" and 3™
quarters of the year. Hepato-somatic indices peaked in February. Gonado-somatic indices peaked
between February and May but females with hydrated oocytes were caught between January and
August. This may be taken as evidence that monkfish spawn over a protracted period and
several times during the year. Evidence of cannibalism was seen in 4% of the samples and
frequency of feeding and cannibalism were highest in females during the final stage of oocyte
maturation. Cannibalism rates are higher than those observed during Northeast Fisheries Science
Center resource surveys (0.13%; n = 10,236), which capture relatively few large monkfish.

2. Statement of Problem:

The monkfish (Lophius americanus) supports one of the most lucrative fisheries in the northwest
Atlantic Ocean. The fishery was developed during the 1980s, and by the mid-1990s, monkfish
surpassed traditional groundfish species (cod, haddock and flounder) to become the highest
valued finfish in the northeastern U.S.
(http://www.st.nmfs.gov/st]/Commercial/landings/annual __landings.html). However, monkfish
biology has been poorly known, largely because monkfish are not well-sampled by the gear used
in the Northeast Fisheries Science Center’s annual resource surveys. Two synoptic industry-
based monkfish trawl surveys conducted in 2001 and 2004
(http://www.nefsc.noaa.gov/read/popdy/monkfish/Survey2004/2004_index.html) have helped
elucidate the biology of monkfish; however, some important gaps remain. One of these is the
biology of large monkfish. Relatively few specimens larger than 90 cm total length (TL) (~ 10
yr) have been caught in industry-based trawl surveys, and fewer are caught in NEFSC annual
surveys. Monkfish are known to reach approximately 140 cm based on occasional catches in
NEFSC surveys conducted since 1963. Information on large monkfish can enhance our
knowledge of the biology of monkfish, provide more current information on age, growth and
reproductive status, and contribute information that can be used to support monkfish
management.




Project Objectives

The objectives of this study were to provide information on the biology of large monkfish (90 cm
and larger) that can be used to enhance the management of this species.

Objective 1: Determine age and growth patterns of monkfish

Potential yield from the fishery is unknown because growth curves (age-length relations) based
on existing data (up to age 10) do not reach an asymptote. Monkfish have a steep length-weight
relationship, thus potential yield increases rapidly with increasing size at least up to age 10. The
point at which growth rates (and thus potential yield) begin to decline is unknown because there
are no older/larger specimens in the aged data set. Elucidation of the full growth curve would
provide critical information on growth, natural mortality, longevity, and potential yield for
optimal fishery management.

Objective 2: Investigate spawning frequency of large monkfish

Monkfish larger than about 70 cm TL are usually females (NEFSC 2002, 2005), probably
because of shorter male longevity. Females mature at around age 5 (50% maturity at age 4.8, 43
cm TL, NEFSC 2002), and are thought to spawn annually; however, annual spawning may not
be the norm in older individuals. Spawning frequency is an important factor in both population
productivity and resilience, yet spawning frequency of large monkfish is unknown.

Objective 3: Estimate the rates of cannibalism by large monkfish

Monkfish are cannibalistic, and although the overall population rate of cannibalism is low
(~0.11% frequency of occurrence, ~1.2% of diet composition; Jason Link, NEFSC, personal
communication), there is some evidence that cannibalism rates are higher in large monkfish
(Armstrong et al. 1996; NEFSC 2002). If this is accurate, it holds important implications for
population models and fishery management.

3. Methods

Fish Collection and Processing

A total of 631 monkfish was collected by commercial gillnetters in waters off Cape Ann,
Massachusetts to Chincoteague, Virginia between January 2006 and August 2007 (Table 1; Fig.
1). These sampling sites encompass the two management areas for monkfish, the Northern
Fishery Management Area (NFMA, northern flank of Georges Bank and the Gulf of Maine) and
the Southern Fishery Management Area (SFMA, southern flank of Georges Bank and Mid-
Atlantic Bight south to Cape Hatteras, NC). Individuals were weighed (kg) and measured (total
length (TL)) to the nearest 0.5 cm. Samples were collected for studies of growth, food habits and
reproductive biology.



Age and Growth

Vertebrae were processed following the procedures of Armstrong et al. (1992) and Hartley
(1995). Vertebra number 8 was baked for 1-1.5 hr at 230°C to enhance the contrast in presumed
annual rings before counts were made using a dissecting microscope at 60x. All vertebrae were
read by 2 or 3 independent readers and agreement between two readers was required for
acceptance of an age estimate. Vertebrae were classified as “unreadable” if all readings differed.

Reproduction

Gonad samples were fixed in 10% formalin in 0.1M phosphate buffer (pH 7.4). Samples were
dehydrated, embedded in paraffin and sectioned at 5 um. Sections were stained with
hematoxylin and eosin (H&E). All samples (n = 575 females; Table 2) were examined
histologically by light microscopy and assigned maturity stages following the criteria of
Martinez (1999). Female stages [perinucleolar, cortical alveoli, vitellogenic and final stage of
oocyte maturation (FOM, hydrated)] were based on the maturity of the most advanced stage
oocytes. Gonads and livers were weighed to calculate the gonadosomatic index (GSI) and the
hepato-somatic index (HSI):

GSI=100Wg (W-Wg) ™!
HSI= 100Wy (W-Wy) '
where
W= gonad weight
Wy = liver weight
W= body weight

Food Habits

Monkfish stomachs were removed and contents weighed. Prey items were sorted, identified to
the lowest taxon possible, enumerated, weighed by prey category, and measured if possible. The
state of digestion of prey items was classified as fresh, partially digested or well digested. Intact
monkfish prey were measured, weighed, and dissected to determine gender. The percent
frequency of occurrence was calculated for major taxonomic prey groups and rate of cannibalism
was determined for monkfish at each microscopic gonadal stage (cortical alveoli, vitellogenic,
FOM and atretic).

4. Results and Conclusions

All monkfish collected were females ranging in size from 69 to 118 cm, with a modal size of 91
cm (Fig. 2). Most fish (>70%) were collected during February and from April to June, with very
few fish collected the rest of the year (Table 1) because of the seasonality in fishing effort.
Ninety-two percent of the monkfish were collected from the southern management region
extending from Buzzards Bay, MA to waters off Chincoteague, VA (Table 1; Fig. 1). The
majority of fish (>60%) collected during this study came from waters off Montauk, New York
and off Ocean City, MD (Table 1; Fig. 1).



Age and Growth

Age has been determined for 368 fish ranging in size from 69 to 118 cm. These fish ranged in
age from 8 to 13 years. The average annual increment between age classes was 8.5 cm, but these
increments were variable (Table 3). With the exception of fish aged 11 years old, the greatest
increase in growth appears to occur during the 2" and 3™ quarters of the year (Fig. 3); almost no
increase in size at age was observed between the 1% and 2™ quarter. The opposite trend was
observed for fish aged 11 years old.

An accurate portrayal of growth is critical for population assessment, and many assessment
models incorporate an asymptotic growth model (e.g. von Bertalanffy 1938). Growth rates for
US monkfish estimated from survey data are linear up to the maximum age observed (age 10)
(NEFSC 2002; 2005) and the use of asymptotic growth models is inappropriate. Therefore a
primary goal of this study was to collect large specimens of monkfish to extend the maximum
observed age. Specimens up to 138 cm were collected in NEFSC surveys prior to the
development of aging methods, but to date, fish larger than 118 cm have not been obtained.
Within the size range of the aged specimens (69-118 cm, modal size 91 cm), growth continued to
be linear with age up through age 13 (Fig. 4). Annual increment was variable, but this may
reflect small sample sizes for some ages and quarters. Variability in annual increment may
decline as further samples are aged.

Reproduction

Gonado-somatic indices, hepato-somatic indices and gonadal histology were determined for
monkfish (n = 620, 625 and 575 respectively). Mean GSI values were significantly higher for
February and March than all other months (P < 0.05), except for January, April, May and June
(Fig. 5). Mean GSI values for females caught in April, May and June did not differ significantly
from those of all other months (except October and November) due to the many post-spawning
females undergoing atresia (low GSI values) caught during these months (73%, 76% and 79%
respectively; Table 2). Mean HSI was significantly higher for February than all other months (P
< 0.005) except January and December (Fig. 5). Although females with hydrated oocytes (FOM)
were found from January to August, most were caught in February, April, May and June (Table
2).

The gonadal histology and peak in GSI values indicated that the primarily reproductive season
occurs in spring (January-May) for L. americanus with the most active spawning occurring
between February and April and some spawning occurring later in the year (May-August). The
presence of oocytes at different stages of development in females during the breeding season
even in post-spawning females could be taken as evidence that L. americanus is a multiple
spawner, releasing several batches of oocytes over a protracted spawning season. Multiple
spawning has been suggested for male (Armstrong, 1992) and female L. americanus (Martinez,
1999) and has been observed for female L. litulon in captivity (Yoneda et al., 2001). Spawning
frequency is an important factor in both population productivity and resilience; therefore, further
studies are required to estimate spawning potential of L. americanus.



Food Habits

Of the 631 stomachs examined during this study, 50% were empty and 50% contained prey
remains (including monkfish). Mackerel, skate and monkfish were the most frequent identifiable
prey items (7%, 6% and 4% respectively; Fig. 6). Evidence of cannibalism ranged from jaw
bones to partially digested monkfish. Gender of monkfish prey was identifiable in two prey
specimens, one female and the other male. The incidence of prey items was highest in hydrated
females (50.9%) and lowest in post-spawning (atretic) monkfish (31.8%; Fig. 7). The frequency
of monkfish in the diet was highest in females undergoing FOM and lowest in vitellogenic
females (10% and 3.7% respectively; Fig. 7).

A relatively high frequency of cannibalism was observed in the samples collected (4% overall).
By contrast, the rate of cannibalism in over 10,000 monkfish stomachs collected during NEFSC
resource surveys was only 0.13%. However, the mean size (TL) of sampled monkfish in the
NEFSC data base was 43.3 cm compared to 91 cm in the current study. This high frequency of
cannibalism along with the protracted spawning period and evidence of multiple spawning
observed in these large females may provide important information necessary for the
management of this valuable commercial species.

Benefits and/or contributions to management decision making: Our results have the potential
to improve several aspects of the population assessment for monkfish. Cannibalism rates found
in this study are much higher than in smaller monkfish; this information can be incorporated in
modeling studies and may have implications for optimal harvesting strategies. Monkfish caught
in this study showed a protracted reproductive season and the potential for spawning more than
once annually thus providing information that can be used to determine the population
productivity and resilience.

5. Project management: list individuals and/or organizations actually performing the work
and how it was done.

The major collaborators on this project were from UMES, NEFSC and the fishing industry.

1. University of Maryland Eastern Shore
Monkfish samples were processed for age and growth, reproduction and feeding
habits. All data were analyzed by Dr. Johnson in collaboration with Dr. Anne
Richards from the NEFSC.

2. Northeast Fisheries Science Center
The students were trained in preparation of monkfish vertebrae for aging and age-
reading techniques and in the biological sampling of monkfish by experts from
the NEFSC laboratory. One of the three age readers was from the NEFSC.

3. Monkfish gillnetters
Monkfish were collected by gillnetters from both management areas (Table 4
below). A total of 53.48 DAS were used by our industry collaborators from May,
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2006 to April, 2007 (Table 5). Additional monkfish were collected during the year
with funds from the NOAA Living Marine Resources Cooperative Science Center
and these are included in the final report.

6. Financial Report

A total of $42,299 was received from gillnetters participating in the RSA (see breakdown
below). $24,049 in revenue was received from sale of monkfish and $18,250 in monkfish
samples (see excel spreadsheet for landings data and Table 5).

RESEARCH BUDGET

A. SALARIES AND WAGES

1. SENIOR PERSONNEL Total Time (Months)| Expenditures

a. Principal Investigator: Andrea Johnson 3 $0

c. Graduate students 12 $0

e. Undergraduate students 3 $11,602

Total Salaries and Wages $11,602
B. FRINGE BENEFITS (when charged as a direct cost) $928

Total Salaries, Wages and Fringe Benefits $12,530
C. EXPENDABLE SUPPLIES AND EQUIPMENT $2,335
D. TRAVEL $8,571
E. OTHER COSTS

a. monkfish freight $513

b. monkfish purchases (non-collaborators) $100
TOTAL DIRECT COSTS (A through E) $24,049
G.MONKFISH PURCHASES (COLLABORATORS) $18,250
TOTAL INDIRECT COSTS $0
TOTAL RESEARCH COSTS $42,299

7. Evaluation
A. Describe the extent to which the project goals and objectives were attained. This description
should address the following:

1. Were the goals and objectives attained? How? If not, why?
2. Were modifications made to the goals and objectives? If so, explain.

Objective 1: Age and growth of monkfish were determined from vertebrae samples aged
by both NEFSC and UMES personnel. We were not able to elucidate the full growth
curve for monkfish (Objective 1) because of a lack of very large specimens in the data
set. Thus, our growth curve did not reach an asymptote but remained linear (Fig. 4).

Both objectives 2 and 3 were attained.

Objective 2: Spawning in these large females seems to occur more than annually in these
large females. The gonadal histology showed the presence of oocytes at different stages
of development in these large females during the breeding season even in post-spawning
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females. This could be taken as evidence that monkfish is a multiple spawner.

Objective 3: Cannibalism rates were determined from gut contents of monkfish collected
during the study. Cannibalsim rates were much higher (4%) than those obtained by the
NEFSC (~0.11% frequency of occurrence, ~1.2% of diet composition; Jason Link,
NEFSC, personal communication). There were no modifications to the objectives.

B. If significant problems developed which resulted in less than satisfactory or negative results,
they should be discussed.

The problems that occurred during this study were not significant but they did affect the results
of the study. For example, not as many large monkfish were collected as anticipated. This is
reflected in the size distribution of monkfish (Fig. 2); the median size was 91cm TL and the
largest monkfish was 118 cm TL. In addition, most of the samples were collected in the spring
and fall leaving gaps in the sampling during the other times of the year. This variability reflects
the seasonality in the monkfish fishery. Also, because of the low numbers of samples collected
from the NFMA, comparisons between the two management areas were not possible.

2. Dissemination of project results:
Explain, in detail, how the project=s results have been, and will be disseminated.

The results of this study are being reviewed for publication in the ICES Journal of Marine
Science. The results have been presented at the following scientific conferences below:

1. “Variation in gonadal development in large female monkfish along the northwestern
Atlantic Ocean” American Fisheries Society Lake Placid, New York (September 22-
26, 2006). Poster presentation by Vincent Dominique III (UMES undergraduate
student).

2. “Comparison of two methods of aging monkfish: Vertebrae vs. Illicia” American
Fisheries Society Lake Placid, New York (September 22-26, 2006). Poster
presentation by Belita Nguluwe (UMES undergraduate student)

3. Feeding Habits of the Large Monkfish, Lophius americanus (NOAA EPP Education
and Science Forum, Florida A&M, Tallahassee, FL (October 30-Nov. 1, 2006).
Poster presentation by Abram Townsend (UMES undergraduate student).

4. “Comparing Age and Growth Estimates for Large Monkfish (Lophius americanus V.)
using Illicium and Vertebral Ageing Methods” American Fisheries Society 137"
Annual Meeting, San Francisco, California (September 2-6, 2007). Poster
presentation by Daniel Cullen (UMES M.S. student).

5. “Comparing Age and Growth Estimates for Large Monkfish (Lophius americanus V.)
using Illicium and Vertebral Ageing Methods™ International Council for the
Exploration of the Sea (ICES), Helsinki, Finland (September 17-21). Poster
presentation by Daniel Cullen (UMES M.S. student).

6. “Biology of Large Monkfish, Lophius americanus” International Council for the
Exploration of the Sea (ICES), Helsinki, Finland (September 17-21). Oral
presentation by Andrea Johnson (PI)
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Table 1. Location of monkfish samples collected from January 2006 to August 2007, ordered from north to south.

Location Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec TOTAL
Cape Ann, MA 3 1 4

Cape Cod, MA 30 5 6 6 47
Montauk, NY 6 4 5 23 77 16 19 5 28 35 8 226

Pt. Pleasant, NJ 35 14 24 4 77
Barnegat Light, NJ 8 14 2 5 29
Ocean City, MD 11 50 4 43 67 4 2 181
Chincoteague, VA 3 5 19 40 67
TOTAL 25 106 9 99 140 104 47 23 5 28 35 10 631

Table 2. Summary of histological data for females caught between January 2006 and

August 2007.

Month  Cortical alveoli ~ Vitellogenic FOM Atretic Total
Jan 2 11 3 16
Feb 59 43 2 104
Mar 4 3 2 9
Apr 10 16 71 97
May 1 6 23 97 127
Jun 1 4 15 77 97
Jul 4 41 45
Aug 3 19 22
Sept 5 5
Oct 6 1 13 20
Nov 16 7 23
Dec 3 7 10
Total 29 109 110 327 575




Table 3. Mean length-at-age and annual increment (cm) for large
monkfish by quarter of the year.

Quarter Age Mean TL SD n Increment

1 8 79.5 3.5 22
9 86.7 3.4 45 7.2
10 92.4 3.9 56 5.7
11 109.1 8.3 4 16.7

2 8 76.8 5 10
9 87.3 3.8 39 10.5
10 93.2 3.4 83 5.9
11 103.2 7.6 9 10
12 106.8 8.9 3 3.6
13 118 1 11.2

3 8 87.3 5.6 4
9 92.9 3.7 11 5.6
10
11 105.0 14.1 2

4 8 85.3 5.7 38
9 89.8 7.3 37 4.6
10 102.6 8.9 4 12.8

Table 4. Industry collaborators from the Northern and Southern Fishery Management Areas

Monkfish gillnetters Fishing Vessel Port
Tom Hill Karoline Marie Gloucester, MA
Charlie Dodge Lady Irene Chatham, MA
Stranglehold Gloucester, MA
Edward & Joseph Cape Cod, MA
Dan Neronha Sophia Gale New Bedford, MA
Allen Dean Kim & Jake Westport, MA
Scott Eshenfelder Hannah Story New London, CT
Sharon E
Chuck Etzel Keeper Montauk, NY
John Stolgitis Martha Porter Pt. Judith, RI
Robert Cericola Backwash III Pt. Pleasant, NJ
Peter Krasowski Critical Pt. Pleasant, NJ
Roger Wooleyhan Wooley Bully Ocean City, MD
Chris Hickman Bout Time Chincoteague, VA




Table 5. Days-at-Sea (DAS), monkfish samples collected and funds generated from sale of catch
during the 2006/2007 Monkfish RSA Program.

Date Research
DAS VTR FIv Fishermen Landed PortLanded No.Fish Amt. Sold ($) Funds ($)
0.63 10930724 BackWash Ill  Robert Cericola 2/18/2007 Pt Pleasant, NJ 7 1658.34 346.65
1 10930726 BackWash Ill  Robert Cericola 2/22/2007 Pt Pleasant, NJ 4 2830.24 622.62
1.63 11 4488.58 969.27
non-RSA 10686009 Karoline Marie Tom Hill 5/26/2006 Gloucester, MA 4
non-RSA 10686015 Karoline Marie Tom Hill 6/7/2006 Gloucester, MA 5
non-RSA 10686016 Karoline Marie Tom Hill 6/12/2006 Gloucester, MA 13
non-RSA 10686017 Karoline Marie Tom Hill 6/15/2006 Gloucester, MA 8
non-RSA 10686021 Karoline Marie Tom Hill 6/27/2006 Gloucester, MA 19
0.63 10686023 Karoline Marie Tom Hill 7/16/2006 Gloucester, MA 0 no fish landed- gear set
0.63 10686024 Karoline Marie Tom Hill 7/20/2006 Gloucester, MA 0 1587.03 422.78
0.69 10686025 Karoline Marie Tom Hill 7/25/2006 Gloucester, MA 1 1600.45 426.36
0.69 10865952 Karoline Marie Tom Hill 7/31/2006 Gloucester, MA 0 1885.83 502.39
0.75 10865953 Karoline Marie Tom Hill 8/8/2006 Gloucester, MA 0 1632.27 434.84
0.65 10865954 Karoline Marie Tom Hill 8/10/2006 Gloucester, MA 0 801.01 213.39
0.68 10865955 Karoline Marie Tom Hill 8/21/2006 Gloucester, MA 0 no fish landed- gear set
0.67 10865956 Karoline Marie Tom Hill 8/31/2006 Gloucester, MA 0 no fish landed- gear set
5.39 50 7506.59 2000.00
non-RSA 10707581 Keeper Charles Etzel 5/8/2006 Montauk, NY 1
non-RSA 10707590 Keeper Charles Etzel 5/29/2006 Montauk, NY 4
non-RSA 10841650 Keeper Charles Etzel 5/31/2006 Montauk, NY 3
non-RSA 10811653 Keeper Charles Etzel 6/10/2006 Montauk, NY 3
non-RSA 10811654 Keeper Charles Etzel 6/13/2006 Montauk, NY 2
non-RSA 10841664 Keeper Charles Etzel 6/22/2006 Montauk, NY 2
non-RSA 10841667 Keeper Charles Etzel 6/24/2006 Montauk, NY 1
0.63 10841673 Keeper Charles Etzel 7/4/2006 Montauk, NY 0 1625.45 162.55
0.63 10841677 Keeper Charles Etzel 7/8/2006 Montauk, NY 0 767.10 76.71
0.66 10841678 Keeper Charles Etzel 7/14/2006 Montauk, NY 1 1822.04 182.20
1.92 17 4214.59 421.46
0.63 10919351 Martha Porter John Stolgitis 10/19/2006 Point Judith, RI 3 3011.57 301.00
10919352 Martha Porter John Stolgitis 10/23/2006 Point Judith, RI 7 5534.65 553.00
1.01 10919353 Martha Porter John Stolgitis 10/28/2006 Point Judith, RI 7 5533.50 553.00
0.63 10919354 Martha Porter John Stolgitis 11/1/2006 Point Judith, RI 4 2590.50 259.00
0.63 10919355 Martha Porter John Stolgitis 11/2/2006 Point Judith, RI 2 2523.55 252.00
0.63 10919356 Martha Porter John Stolgitis 11/5/2006 Point Judith, RI 0 3014.00 302.00
0.63 10919357 Martha Porter John Stolgitis 11/6/2006 Point Judith, RI 3 2772.80 277.00
0.63 10919358 Martha Porter John Stolgitis 11/7/2006 Point Judith, RI 0 2748.80 275.00
0.63 10919359 Martha Porter John Stolgitis 11/11/2006 Point Judith, RI 3 1945.15 195.00
0.63 10919360 Martha Porter John Stolgitis 11/15/2006 Point Judith, RI 3 3033.50 303.00
0.63 10919361 Martha Porter John Stolgitis 11/18/2006 Point Judith, RI 3 3123.25 310.00
0.63 10919362 Martha Porter John Stolgitis 11/20/2006 Point Judith, RI 2 2808.00 280.00
0.63 10919363 Martha Porter John Stolgitis 11/26/2006 Point Judith, RI 1 1973.10 197.00
0.63 10919364 Martha Porter John Stolgitis 11/29/2006 Point Judith, RI 3 2972.95 293.00
0.63 10919365 Martha Porter John Stolgitis 12/3/2006 Point Judith, RI 2 2197.15 220.00
0.63 10919368 Martha Porter John Stolgitis 12/18/2006 Point Judith, RI 4 2086.25 190.00
0.63 10919369 Martha Porter John Stolgitis 12/22/2006 Point Judith, RI 0 1599.25 159.00
10919370 Martha Porter John Stolgitis 12/29/2006 Point Judith, RI 2 1618.00 161.00
0.63 10919371 Martha Porter John Stolgitis 1/7/2007 Point Judith, RI 3 2661.50 266.00
0.63 10919372 Martha Porter John Stolgitis 1/14/2007 Point Judith, RI 2 5335.00 193.00
0.63 10919373 Martha Porter John Stolgitis 1/18/2007 Point Judith, RI 1 9305.00 93.00
0.63 10919374 Martha Porter John Stolgitis 1/22/2007 Point Judith, RI 0 807.50 80.00
0.63 10919375 Martha Porter John Stolgitis 2/1/2007 Point Judith, RI 2 2647.50 265.00
0.63 10914376 Martha Porter John Stolgitis 2/11/2007 Point Judith, RI 2 2833.90 567.00
0.63 Martha Porter John Stolgitis 2/18/2007 Point Judith, RI
0.63 10919378 Martha Porter John Stolgitis 4/25/2007 Point Judith, RI 2 678.94 136
0.63 10919379 Martha Porter John Stolgitis 4/29/2007 Point Judith, RI 3 1947.20 389
16.13 47 77302.51 7069
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11 10546259 Hannah Story Scott Eshenfelder 8/20/2006 New London, CT 7 3590.45 359.05
1.01 10546364 Sharon E Scott Eshenfelder 10/14/2006 New London, CT 4 5719.00 571.90
1.01 10546260 Sharon E Scott Eshenfelder 10/16/2006 New London, CT 3 6200.00 527.35
1.02 10546261 Sharon E Scott Eshenfelder 11/6/2006 New London, CT 0 5032.15 159.00
0.63 10546262 Sharon E Scott Eshenfelder 11/10/2006 New London, CT 0 1555.90 528.00
1.01 10546263 Sharon E Scott Eshenfelder 11/16/2006 New London, CT 1 5888.00 242.00
1.03 1089997 Sharon E Scott Eshenfelder ~ 11/20/2006 New London, CT 4 6280.00 256.00
6.81 19 30675.05 2643.30
1.04 10996304  Sophia Gale Dan Neronha 4/24/2007 New Bedford, MA 0 3948.05 789.61
2.07 10996305 Sophia Gale Dan Neronha 4/28/2007 New Bedford, MA 0 5424.65 1084.93
311 9372.70 1874.54

11 Kim & Jake Allen Dean 4/30/2007 Westport, MA 1874.54 738.56

11 1874.54 738.56
1.01 10930616 Wooley Bulley Roger Wooleyhan 12/12/2006 Ocean City, MD 5566.60 556.66

1 10930617 Wooley Bulley Roger Wooleyhan 12/15/2006 Ocean City, MD 1 5154.00 515.4
1.01 10930620 Wooley Bulley Roger Wooleyhan 12/22/2006 Ocean City, MD 4898.45 489.85
1.02 10930622 Wooley Bulley Roger Wooleyhan 12/29/2006 Ocean City, MD 1 4654.00 465.4
non-RSA 10930624 Wooley Bulley Roger Wooleyhan 1/4/2007 Ocean City, MD 1
1.02 10930625 Wooley Bulley Roger Wooleyhan 1/8/2007 Ocean City, MD 1 3874.50 387.45
0.84 10930628 Wooley Bulley Roger Wooleyhan 1/11/2007 Ocean City, MD 1 2075.30 207.53
0.63 10930631 Wooley Bulley Roger Wooleyhan 1/18/2007 Ocean City, MD 5 2227.45 222.745
0.63 10930633 Wooley Bulley Roger Wooleyhan 1/24/2007 Ocean City, MD 5 2262.15 452.43
non-RSA 10930635 Wooley Bulley Roger Wooleyhan 2/12/2007 Ocean City, MD 10
0.64 10930636 Wooley Bulley Roger Wooleyhan 2/25/2007 Ocean City, MD 10 2074.95 414.99
1.02 10930637 Wooley Bulley Roger Wooleyhan 2/28/2007 Ocean City, MD 10 4562.90 912.58
1.02 10930638 Wooley Bulley Roger Wooleyhan 3/1/2007 Ocean City, MD 10 4465.15 893.03
1.09 10930639 Wooley Bulley Roger Wooleyhan 3/10/2007 Ocean City, MD 12 4209.80 841.96
0.63 10930645 Wooley Bulley Roger Wooleyhan 4/20/2007 Ocean City, MD 2 387.10 77.42
1.18 10930646 Wooley Bulley Roger Wooleyhan 4/22/2007 Ocean City, MD 1 387.10 77.42
0.63 10930647 Wooley Bulley Roger Wooleyhan 4/24/2007 Ocean City, MD 10 1452.00 290.40

11 10930648 Wooley Bulley Roger Wooleyhan 4/25/2007 Ocean City, MD 2 2464.20 492.84
0.72 10930649 Wooley Bulley Roger Wooleyhan 4/27/2007 Ocean City, MD 10 530.20 106.04
1.1 10930650 Wooley Bulley Roger Wooleyhan 4/29/2007 Ocean City, MD 10 1777.30 355.46
11 10930551 Wooley Bulley Roger Wooleyhan 4/30/2007 Ocean City, MD 10 2866.45 573.29
17.39 112 55889.60 8332.89
53.48 Grand Total 370 $191,324.16 $24,049.25
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Fig. 1. Sampling locations of large monkfish collected by commercial gillnetters between
January 2006 and July 2007 in the northwest Atlantic Ocean. See also Table 1.
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Fig. 2. Size composition of large monkfish collected from January,
2006-August, 2007. Modal length = 91cm TL.
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Fig. 3. Mean length-at-age by quarter of the year. 1% quarter (January-
March); 2™ quarter (April-June); 3™ quarter (July-September); 4™ quarter
(October-December). n = 368
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Fig. 4. von Bertalanffy growth curve unfixed (Loo = 231) and fixed (Loo = 118 and
138 cm). n =456 (including 81 small fish from NMFS Survey)
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Fig. 5. Monthly variation in mean GSI and HSI values for female L. americanus caught off the east coast
of the US between January 2006 and August 2007. Identical letters represent statistical non-significance;
numbers below months are sample size (n).
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Fig.6. Relative frequency of occurrence of prey items in monkfish stomachs (n = 631).
Miscellaneous prey items represent < 1% frequency of occurrence.
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Fig. 7. Relative frequency of feeding by microscopic gonadal stage of development (n =575).1,
% of all samples at each gonadal stage; ii, % of samples with prey in their stomachs at each
gonadal stage; O, % of samples with stomachs containing monkfish at each gonadal stage.
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