








































































































































Despite these caveats, our results may be viewed as
baseline maturation patterns in relation to current stock
conditions (abundance, age structure, sex ratio, etc.).
In the future, further monitoring of maturation will be
required on a routine basis coincident with proposed
management actions designed to increase spawning
stock biomass. Any compensatory mechanisms which
result in declines in median size and age at maturation
accompanying declining spawning stock will likely act
in reverse if substantial increases in stock biomass oc­
cur over the long-term.

Acknowledgments _

We would like to thank W. Morse, M. Fogarty, and R.
Halliday for their critical review of this manuscript. We
also appreciate the efforts of all the diligent sea-going
personnel whose observations contributed to this analysis.

Literature cited

Able, KW., R.E. Matheson, W.W. Morse, M.P. Fahay, and G. Shep­
herd.

1990. Patterns ofsummer flounder, Paralichthys dentatus, early
life history in the Mid-Atlantic Bight and New Jersey
estuaries. Fish. Bull., U.S. 88(1):1-12.

Alm,G.
1959. Connection between maturity, size, and age in

fishes. Inst. Freshwater Res. Drottningholm Rep. 40, 145 p.
Almeida, F.P.

1987. Stock definition of silver hake in the New England-Middle
Atlantic area. North Am.]. Fish. Manage. 7:169-186.

Almeida, F.P., R.E. Castaneda, R.Jesien, R.C. Greenfield, and John
M. Burnett.

1992. Proceedings of the NEFC/ASMFC summer flounder,
Paralichthys dentatus, ageing workshop, 11-13 June 1990,
Northeast Fisheries Center, Woods Hole, MA. NOAA Tech.
Mem. NMF8-F/NEC-89, 7 p.

Ashton, W.D.
1972. The logit transformation with special reference to its

uses in bioassay. Griffin and Co., London, 88 p.
Azarovitz, T.R.,]. McGurrin, and R. Seagraves (eds).

1989. Proceedings of a workshop on bottom trawl
surveys. Atlantic States Mar. Fish. Comm. Spec. Rep. No.
17,76 p.

Battle, H.I.
1951. Contributions to a study of the life history of the hake.

Spawning with notes on age determinations. Fish. Res. Board
Can. Manuscr. Rep. BioI. Sta. 434, 21 p.

Beacham, T.D.
1982. Biology and exploitation of winter flounder

(Pseudopleuronectes americanus) in the Canadian Maritimes
area of the northwest Atlantic Ocean. Can. Tech. Rep. Fish.
Aquat. Sci. 1113, 33 p.

1983a. Variability in median size and age at sexual maturity
of Atlantic cod, Gadus morhua, on the Scotian Shelf in the
northwest Atlantic Ocean. Fish. Bull, U.S. 81 (2) :303-321.

1983b. Variability in size or age at sexual maturity of had­
dock (Melanogrammus aeglefinus) on the Scotian Shelf in the

O'Brien et al.: Maturation of Finnsh 63

northwest Atlantic Ocean. Can. Tech. Rep. Fish. Aquat.
Sci. 1168, iv + 33 p.

1983c. Variability in size or age at sexual maturity of white
hake, pollock, longfin hake, and silver hake in the Canadian
Maritimes region of the northwest Atlantic Ocean. Can.
Tech. Rep. Fish. Aquat. Sci. 1157, iv + 43 p.

1983d. Variability in size and age at sexual maturity of Ameri­
can plaice and yellowtail flounder in the Canadian Maritimes
region of the northwest Atlantic Ocean. Can. Tech. Rep.
Fish. Aquat. Sci. 1196, 74 p.

1983e. Variability in size and age at sexual maturity of witch
flounder, Glyptocephalus eynoglossus, in the Canadian Maritimes
region of the northwest Atlantic Ocean. Can. Field-Nat.
97 (4) :409-422.

Beacham, T.D., and SJ. Nepszy.
1980. Some aspects of the biology of white hake, Urophycis

tenuis, in the southern Gulf of St. Lawrence. ]. Northw. Atl.
Fish. Sci. 1:49-54.

Beverton, RJ.H.
1963. Maturation, growth and mortality of clupeid and

engraulid stocks in relation to fishing. In Contrib. to her­
ring symp. 1961 (B.B Parrish, ed), p. 44-67. Rapp. P.-v.
Reun. Cons. perm. into Explor. Mer, 154.

1987. Longevity in fish: some ecological and evolutionary
considerations. In Evolution of longevity in animals (A.D.
Woodhead and KH. Thompson, eds.), p. 161-186. Basic
Life Sciences, Vol. 42. Plenum Press, NY.

Beverton, RJ.H., and SJ. Holt.
1959. A review of the lifespans and mortality rates of fish in

nature, and their relation to growth and other physiological
characteristics. In CIBA Foundation colloquia on ageing.
Vol. 5: the lifespan of animals (G.E.W. Wolstonholme, and
O'Connor, eds.), p.142-180. Little, Brown and Co., Bos­
ton, 324 p.

Bigelow, H.B. and W.C. Schroeder.
1953. Fishes of the Gulf of Maine. U.S. Fish Wildl. Servo

Fish. Bull. 74, 577 p.
Bowering, W.R.

1976. Distribution, age and growth, and sexual maturity of
witch flounder (Glyptocephalus eynoglossus) in Newfoundland
waters. ]. Fish. Res. Board Can. 33:1574-1584.

1987. Distribution ofwitch flounder, Glyptocephalus eynoglossus,
in the southern Labrador and eastern Newfoundland area
and changes in certain biological parameters after 20 years
of exploitation. Fish. Bull., U.S. 85(3):611-629.

1989. Distribution ofwitch flounder, Glyptocephalus eynoglossus,
in the southern Newfoundland area and changes in age,
growth, and sexual maturity patterns since commercial ex­
ploitation began in the early 1950s. Trans. Am. Fish. Soc.
118:251-271.

Bowering, W.R., and W.B. Brodie.
1984. Distribution of witch flounder in the northern Gulf of

St. Lawrence and changes in its growth and sexual maturity
patterns. N. Am.]. Fish. Manage. 4(4A):399-413.

Burnett,]., M.R. Ross, and S.H. Clark.
1992. Several biological aspects of the witch flounder,

Glyptocephalus eynoglossus (L.), in the Gulf of Maine-Georges
Bank region. ]. Northw. Atl. Fish. Sci. 12:15-25.

Burnett,]., L. O'Brien, R.K Mayo,]. Darde, and M. Bohan.
1989. Finfish maturity sampling and classification schemes used

during Northeast Fisheries Center bottom trawl surveys, 196~
1989. NOAA Tech. Mem. NMF8-F/NEC-76, iii + 14 p.

Burton, M.P., and D.R. Idler.
1984. The reproductive cycle in winter flounder,

Pseudopleuronectes americanus (Walbaum). Can. J. ZooI.
62:2563-2567.



64 NOAA Technical Report NMFS 113

Cole, L.C.
1954. The population consequences of life history

phenomena. Q. Rev. BioI. 29:103-137.

Dixon, WJ. (ed)
1981. BMDP Statistical Software. Univ. Calif. Press, Berke­

ley, 725 p.
Doubleday, W.G.

1981. Manual on groundfish surveys in the northwest
Atlantic. NAFO Scientific Council Studies No.2, 55 p.

Doubleday, W.G., and RG. Halliday.
1975. An analysis of the silver hake fishery on the Scotian

Shelf. Int. Comm. Northwest Atl. Fish., Res. Doc. 75/104,
Serial No. 3597, 34 p.

DuPaul, W.D. andj.D. McEachran.
1973. Age and growth of the butterfish, Peprilus triacanthus,

in the lower York River. Chesapeake Sci. 14(3):205-207.

Elkin, H.w.
1955. Whiting in Irish waters. Proc. R Dublin Soc. N.S.,

27:17-30.

Fahay, M.P., and K.W. Able.
1989. White hake, Urophycis tenuis, in the Gulf of Maine:

spawning seasonality, habitat use, and growth in young of the
year and relationships to the Scotian Shelf population. Can.
j. Zool. 67:1715-1724.

Finkelstein, S.L.
1969a. Age and growth of scup in the waters of Eastern Long

Island. New York Fish and Game j. 16(1):84-110.

1969b. Age at maturity of scup from New York waters. New
York Fish and Gamej. 16(2):224-237.

Fogarty, M.]., G. Delaney,j.W. GilIikin,j.C. Poole, D.E. Ralph, P.G.
Scarlett, R.W. Smith and S.j. Wilko

1983. Stock discrimination of summer flounder (Paralichthys
dentatus) in the Middle and South Atlantic Bight: results of a
workshop. NOAA Tech. Mem. NMFS-F/NEC-18, 14 p.

Gabriel, W.L., M.P. Sissenwine, and W.]. Overholtz.
1989. Analysis of spawning stock biomass per recruit: an ex­

ample for Georges Bank haddock. North Am.j. Fish. Manage.
9(4):383-391.

Garrod, D.]., andj.W. Horwood.
1984. Reproductive strategies and the response to

exploitation. In Fish Reproduction: Strategies and tactics
(G.W. Potts and RJ. Wootton, eds.) p. 367-381. Acad. Press,
London.

Gillikin,j.W.,jr., and B.F. Holland.
1983. Summary of summer flounder (Paralichthys dentatus)

maturity data from the Atlantic Ocean offshore North
Carolina. Rep., North Carolina Dept. of Natural Resources
and Community Dev., Div. of Mar. Fish., 7 p.

Godo, O.R, and E. Moksness.
1987. Growth and maturation of Norwegian coastal cod and

northeast Arctic cod under different conditions. Fish. Res.
5:235-242.

Grosslein, M.D.
1962. Haddock stocks in the lCNAF Convention area. Int.

Comm. NorthwestAtl. Fish. Redb. 1962, Part TII:124-131.

Halliday, R.G.
1987. Size and age at sexual maturity of Atlantic argentine,

Argentinasilus: a critique. Environ. BioI. Fishes 19(2):139-147.

Horn, M.H.
1970. Systematics and biology of the stromateid fishes of the

genus Peprilus. Bull. Mus. Compo ZooI. 149(5):165-261.

Howe, A.B. and P.G. Coates.
1975. Winter flounder movements, growth, and mortality off

Massachusetts. Trans. Am. Fish. Soc. 104:13-29.

johnson, L.L. and E. Casillas.
1991. The use of plasma parameters to predict ovarian matu­

ration state in English sole Parophrys vetulus Girard. j. Exp.
Mar. BioI. Ecol. 151: 257-270.

jprgensen, T.
1990. Long-term changes in age at sexual maturity of north­

east Arctic cod (Gadus morhua L.). j. Cons. int. Explor. Mer
46:235-248.

Keats, D.W., G.R. South, and D.H. Steele.
1985. Reproduction and egg guarding by Atlantic wolffish

(Anarhichas lujrns. Anarhichidae) and ocean pout (Macrozoarces
americanus: Zoarcidae) in Newfoundland waters. Can.j. Zool.
63:2565-2568.

Kennedy, V.S., and D.H. Steele.
1971. The winter flounder, (Pseudopleuronectes americanus) in

Long Pond, Conception Bay, Newfoundland. j. Fish. Res.
Board Can. 28:1153-1165.

Lavenda, N.
1949. Sexual differences and normal protogynous hermaph­

roditism in the Atlantic sea bass Centropristis striata. Copeia
1949(3):185-194.

Livingstone, R,jr., and L. Dery.
1976. An observation on the age and length at maturity of

cod in the Georges and Browns stocks. Int. Comm. North­
west Atl. Fish. Res. Doc. 76/Vl/42. Serial No. 3826, 2 p.

Lux, F.E.
19'63. Identification of New England yellowtail flounder

groups. Fish. Bull., U.S. 63(1):1-10.
1973. Age and growth of the winter flounder, Pseudopleuronectes

americanus, on Georges Bank. Fish. Bull., U.S. 71 (2) :505-512.
Lux, F.E., A.E. Peterson, and R.j. Hutton.

1970. Geographical variation in fin ray number in winter
flounder, Pseudopleuronectes americanus (Walbaum) off
Massachusetts. Trans. Am. Fish. Soc. 99:483-488.

MacKay, K. T.
1967. An ecological study of mackerel Scomber scombrus

(Linnaeus) in the coastal waters of Canada. Fish. Res. Board
Can., Tech. Rep. No. 31. 127 p.

1973. Aspects of the biology of Atlantic mackerel in ICNAF
subarea 4. Int. Comm. Northwest Atl. Fish. Res. Doc. 73/70
Serial No. 3019, 11 p.

Markle, D.F., D.A. Methven, and L.j. Coates-Markle.
1982. Aspects of spatial and temporal co-occurrence in the

life history stages of the sibling hakes, Urophycis chuss
(Walbaum 1792) and Urophycis tenuis (Mitchill 1815) (Pisces:-
Gadidae). Can. j. Zool. 60:2057-2078. .

Mayo, RK.
1980. Exploitation and biological status of redfish, Sebastes

fasciatus (L.), in the Gulf of Maine-Georges Bank region,
with particular reference to the 1971 year-class. j. Northw.
Atl. Fish. Sci. 1:21-37.

Mayo, R.K.,j. Burnett, T.D. Smith, and C.A. Muchant.
1990. Growth-maturation interactions of Acadian redfish,

(Sebastes fasciatus Storer) in the Gulf of Maine-Georges Bank
region of the northwest Atlantic. j. Cons. int. Explor. Mer
46:287-305.

Mayo, R.K.,j.M. McGlade, and S.H. Clark.
1989. Patterns of exploitation and biological status of pol­

lock (Pollachius virens L.) in the Scotian Shelf, Georges Bank,
and GulfofMaine area. j. Northw. Atl. Fish. Sci. 9:13-36.

Mercer, L.P.
1978. The reproductive biology and population dynamics of

black sea bass, Centropristis striata. Ph.D. diss., College of
William and Mary, Williamsburg, VA, 196 p.



Molander, A.R.
1925. Observations on the witch flounder and its

growth. Publ. Circ. Cons. Explor. Mer 85, 15 p.
Moore, E.

1947. Studies on the marine resource of Southern New En­
gland, VI. The sand flounder, Lophopsetta aquosa. Bull.
Bingham Oceanogr. ColI. (Yale Univ.) Xl, art. 3, 79 p.

Moores,j.A., G.H. Winters, and L.S. Parsons.
1975. Migrations and biological characteristics of Atlantic

mackerel (Scomber scombrus) occurring in Newfoundland
waters. j. Fish. Res. Bd. Can. 32:1347-1357.

Morrison, C.M.
1990. Histology of the Atlantic cod, Gadus morhua: an atlas,

Part III. Reproductive tract. Can. Spec. Pub. Fish. Aquat.
Sci. 110, 177 p.

Morse, W.W.
1981. Reproduction of the summer flounder, Paralichthys

dentatus (L.). j. Fish. BioI. 19:189-203.
Murawski, S.A., and G.T. Waring.

1979. A population assessment of butterfish, Peprilus
triacanthus, in the northwestern Atlantic Ocean. Trans. Am.
Fish. Soc. 108:427-439.

Musick,j.A.
1969. The comparative biology of two American Atlantic

hakes, Urophycis chuss and U. tenuis (Pisces, Gadidae). Ph.D.
diss., Harvard Univ., Cambridge, MA, 150 p.

New England Fishery Management Council.
1985. Fishery Management Plan for the Northeast

Multispecies Fishery. New England Fishery Management
Council, Saugus, Massachusetts, 479 p.

Ni, I-H., and EJ. Sandeman.
1984. Size at maturity for northwest Atlantic redfishes

(Sebastes). Can.j. Fish. Aquat. Sci. 41:1753-1762.
NEFC (Northeast Fisheries Center).

1988. An evaluation of the bottom trawl survey program of
the Northeast Fisheries Center. NOAA Tech. Mem. NMFS­
F/NEC-52, 83 p.

NEFSC (Northeast Fisheries Science Center).
1991. Status of the Fishery Resources off the northeastern

United States for 1990. NOAA Tech. Mem., NMFS-F/NEC­
81, 132 p.

O'Brien, L.
1990. Effects of fluctuations in stock abundance upon life

history parameters of Atlantic cod, Gadus morhua L., for the
1970-1987 year classes from Georges Bank and the Gulf of
Maine. M. Sci. thesis, University of Washington, Seattle,
Wa., 95 p.

Olsen, Y. H., and D. Merriman.
1946. Studies on the marine resources of Southern New En­

gland. N. The biology and economic importance of the ocean
pout, Macrazoarces americanus (Bloch and Schneider). Bull.
Bingham Oceanogr. Coll. (Yale Univ.) 9(4), 184 p.

Overholtz, W.j.
1987. Factors relating to the reproductive biology of Georges

Bank haddock (Melanogrammus aeglefinus) in 1977-83. j.
Northw. Atl. Fish. Sci. 7:145-154.

1989. Density-dependent growth in the northwest Atlantic
stock of Atlantic mackerel (Scomber scombrus). j. Northw.
Atl. Fish. Sci. 9:115-121.

Penttila,j. and L. M. Dery (eds).
1988. Age determination methods for northwest Atlantic

species. NOAA Tech. Rep. NMFS 72, 135 p.
Penttila,j., G.A. Nelson, andj.M. Burnett.

1989. Guidelines for estimating lengths at age for 18 north­
west Atlantic finfish and shellfish species. NOAA. Tech.
Mem. NMFS-F/NEC-66, iii + 39 p.

O'Brien et at.: Maturation of FiniIsh 65

Perlmutter, A.
1947. The blackback flounder and its fishery in New England

and New York. Bull. Bingham Oceanogr. Coll., (Yale Univ.)
11(2):1-92.

Perlmutter, A., and G.M. Clarke.
1949. Age and growth of immature rosefish (Sebastes marinus)

in the Gulf of Maine and off Nova Scotia. Fish. Bull., U.S.
51 :207-228.

Pierce, D.E., and A.B. Howe.
1977. A further study on winter flounder group identifica­

tion off Massachusetts. Trans. Am. Fish. Soc. 106:131-139.
Roff, D.A.

1981. On being the right size. Am. Nat. 118:405-422.
1982. Reproductive strategies in flatfish: a first

synthesis. Can.j. Fish. Aquat. Sci. 39:1686-1698.
Royce, W.F., R.j. Buller, and E.D. Premetz.

1959. Decline of the yellowtail flounder (Limanda ferruginea)
off New England. Fish. Bull., U.S. 146,59:169-267.

Schaffer, W.M., and P.F. Elson.
1975. The adaptive significance of variations in life history

among local populations of Atlantic salmon in North
America. Ecology 56:577-590.

Scott, D. M.
1954. A comparative study of the yellowtail flounder from three

Atlantic fishing areas. j. Fish. Res. Bd. Can. 11(3):171-197.
Sette,O.E.

1950. Biology of the Atlantic mackerel (Scomber scombrus).
Part II. Migrations and habits. U.S. Fish and Wildlife Ser.
Fish. Bull. 49(51):251-358.

Shepherd, G.R.
1991. Meristic and morphometric variation in black sea bass

north of Cape Hatteras, North Carolina. North Am. j. Fish.
Manage. 11 (2) :139-148.

Sinclair, A., M. Sinclair, and T.D. lies.
1980. An analysis of some biological characteristics of the 4X

juvenile herring fishery. Can. Atl. Fish. Sci. Adv. Commit­
tee Res. Doc. 80/20, 28 p.

Sinclair, M.,j. Black, T.D. lies, and W. Stobo.
1979. Preliminary analysis of the use of Bay of Fundy larval

survey data in 4WX herring assessments. Can. Atl. Fish. Sci.
Adv. Committee Res. Doc. 79/44, 18 p.

Sinclair, M., A. Sinclair, and T.D. lies.
1982. Growth and maturation of southwest Nova Scotia At­

lantic herring (Clupea harengus harengus). Can.J. Fish. Aquat.
Sci. 39:288-295.

Sissenwine, M.P. andj.G. Shepherd.
1987. An alternative perspective on recruitment overfishing

and biological reference points. Can. j. Fish. Aquat. Sci.
44:913-918.

Smith, R.W., L.M. Dery, P.G. Scarlett, and A.JearldJr.
1981. Proceedings of the summer flounder (Paralichthys

dentatus) age and growth workshop; 20-21 May 1980, North­
east Fisheries Center, Woods Hole, MA. NOAA Tech. Mem.
NMFS-F/NEC-11, 30 p.

Steele, D.H.
1963. Pollock (Pollachius virens (L.» in the Bay of Fundy. j.

Fish. Res. Bd. Can. 20(5): 1267-1314.
Sullivan, L.F.

1981. American plaice, Hippoglossoides platessoides in the Gulf
of Maine: I. The fishery II. Age and growth III. Spawning and
larval distribution. M. Sci. thesis. University of Rhode Is­
land, Kingston, R.I., 95 p.

Szedlmayer, ST., KW. Able, and R.A. Roundtree.
1992. Growth and temperature - induced mortality of young­

of-the-year summer flounder, Paralichthys dentatus, in south­
ern New Jersey. Copeia 1992(1):120-128.



66 NOAA Technical Report NMFS 113

Templeman, W., and C.A. Bishop.
1979. Sexual maturity and spawning in haddock,

Melanogrammus aeglefinus, of St. Pierre Bank. Int. Comm.
Northwest Atl. Fish., Res. Bull. 14:77-83.

Templeman, W., V.M. Hodder, and R. Wells.
1978. Sexual maturi ty and spawning in haddock,

Melanogrammus aeglefinus, of the southern Grand Bank. Int.
Comm. Northwest Atl. Fish. Res. Bull. 13:53-63.

Thorpe, L.A.
1991. Aspects of the biology of the windowpane flounder,

Scophthalmus aquosus, in the northwest Atlantic Ocean. M.
Sci. thesis, Dept. of Forestry and Wildlife, Univ. of Massachu­
setts-Amherst, Amherst, MA., 85 p.

Wenner, C.A., W.A. Roumillat, and C.W. Waltz.
1986. Contributions to the life history of black sea bass,

Centropristis striata, off the southeastern United States. Fish.
Bull., U.S. 84(3):723-741.

Winters, G.H.
1976. Recruitment mechanisms of southern Gulf of St.

Lawrence Atlantic herring (Clupea harengus harengus). J.
Fish. Res. Board Can. 33:1751-1763.

Wise, J.P.
1963. Cod groups in the New England area. Fish Bull.,U.S.

63(1) :189-203.
Zar,J.H.

1984. Biostatistical analysis. Prentice-Hall, Inc., Englewood
Cliffs, 718 p.


