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Aggregation and spawning by lampreys (genus Ichthyomyzon) beneath cover
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Synopsis

Lampreys are generally reported to spawn in shallow water on open, gravel bottoms. During surveys in
Wisconsin and Minnesota, we regularly observed aggregations of adult Ichthyomyzon c f. gagei, 1. castaneus,
and I. fossor beneath such cover objects as boulders, woody debris, and, at one site, vegetation. In some
cases, observations of eggs or rapid quivering by individual lampreys indicated that spawning was occurring.
The literature includes scattered anecdotal reports of similar behavior in other populations of Ichthyomyzon.
Our data for I. c.f. gagei suggest that aggregations beneath cover objects occur at a greater range of depths
than those in the open, but that aggregations in the open can contain greater numbers of individuals.
Facultative spawning beneath cover objects may permit lampreys to spawn in deep waters with swift current
where spawning could not otherwise occur. Moreover, this behavior may reduce the vulnerability of

spawning lampreys to some types of predators.

Introduction

Compared to other facets of their behavior, fishes
display relatively little intraspecific variation in re-
production. This conservatism has fostered the
classification of fishes into reproductive guilds
(e.g., Balon 1975), a taxonomy proven useful for
assessing impacts of environmental changes on fish
assemblages (Berkman & Rabeni 1987). Never-
theless, some fish species are variable in their re-
productive behavior. For example, Page & Simon
(1988) discussed the potential for darters with spe-
cialized reproductive behaviors to revert to more
primitive spawning behavior when suitable sub-
strates are unavailable.

Spawning by lampreys (order Petromyzonti-
formes) is typically reported to involve construc-
tion of a shallow depression in open, gravel-bot-
tomed habitat (Hardisty 1986, Malmqvist 1986,

Moyle & Cech 1988), often in or just upstream
from a stream riffle. This generalization is repeated
in many synopses of regional ichthyofaunas (e.g.,
Harlan & Speaker 1956, Pflieger 1975, Smith
1979). On the basis of such descriptions, lampreys
are assignable to the reproductive guild of non-
guarding spawners on open, coarse bottoms (Balon
1975, Balon 1981).

During surveys for chestnut lampreys, Ichthyo-
myzon castaneus, southern brook lampreys, 1. c.f.
gagei, and northern brook lampreys, 1. fossor, in
Wisconsin and Minnesota, we regularly observed
aggregations of these species associated with cover
of various types, and there was evidence that in at
least some cases these aggregations represented
spawning groups. Furthermore, our review of the
literature revealed anecdotal reports of spawning
beneath cover objects by other populations of Ich-
thyomyzon.
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Materials and methods

Data on lamprey aggregations were collected be-
tween 23 May — 4 June 1988 at the localities listed in
Table 1 and during previous surveys in Wisconsin
(Cochran 1987) and Minnesota (Cochran & Petti-
nelli 1988). The primary purpose of these surveys
was to refine the known geographic distribution of
Ichthyomyzon c f. gagei by surveying as many sites
as possible. Therefore, surveys were planned to
coincide with or slightly precede the lamprey
spawning season, when brook lampreys are most
readily detected, collected, and identified. How-
ever, because spawning occurs only briefly at any
given site and is followed by the death of adult
lampreys, it was not possible or desirable to make
extended observations at every site where lam-
preys were detected.

At most sites, we detected lampreys visually by
wading in shallow areas with open substrate or by
snorkeling in areas of deeper, faster water over
rocks and boulders. We enumerated individuals
within aggregations when possible, and in most
cases we measured the depths of aggregations with
a meter stick. Samples of lampreys were collected

at each site and preserved in formalin to permit
laboratory confirmation of field identifications.

Results
Ichthyomyzon c.f. gagei

Cochran (1987) first reported Ichthyomyzon gagei
from the St. Croix River drainage of Wisconsin and
Minnesota, an area far removed from the main
body of its range in the southern United States.
Because recent analysis has revealed some morph-
ological differences between northern and south-
ern specimens (Sneen & Cochran 1990), we here
refer to northern individuals as ‘Ichthyomyzon c.f.
gagei’ pending future studies to clarify their taxo-
nomic status.

Prior to our 1988 survey, I. c.f. gagei was known
in Wisconsin from only four locations (three along
the Namekagon River and one on the Wood River)
and a total of 21 specimens (Cochran 1987). During
1988, we surveyed 128 sites in and adjacent to the
St. Croix River drainage and found /. c.f. gagei at
seven, including six new localities (Table 1).

Table 1. Localities at which lampreys were observed during 1988. The letters *c’, ‘0’, and ‘s’ refer respectively to aggregations of
lampreys under cover, aggregations in the open, and single stragglers. All localities are in the St. Croix River drainage except for Bear

Creek (Chippewa River drainage).

River Location

Dates Ichthyomyzon species

1. Namekagon
(T42N, R9W, Sec. 36)
2. Namekagon
(T-42N, R8W, Sec. 20/21)
3. Namekagon
(T-42N, R8W, Sec. 9/16)
4. Namekagon
(T43N, R8W, Sec. 26/35)
5. Mackay Creek
(T-40N, R11W, Sec. 28)
County Road E, Washburn County
(T40N, R11W, Sec. 35/36)

6. Bean Brook

7. Yellow
(T39N, R13W, Sec. 32)
8. Bear Creck
(T36N, R11W, Sec. 19/30)

U.S. Highway 63 crossing, Sawyer County
Larsen Road crossing, Sawyer County
Petersen Road crossing, Sawyer County
Squaw Bend Road crossing, Bayfield County

U.S. Highway 63 crossing, Washburn County =~ May 27

State Highway 73 crossing, Washburn County ~ May 25

26th Avenue crossing, Barron County

May 24-June 5 . cf. gagei - c,0, . castaneus — c,0

May 26 L cf. gagei* —c, I. castaneus — ¢
May 23-31 L. cf. gagei* - c, I castaneus — ¢
May 28 I c.f. gagei* — o, I. castaneus - o

I c.f. gagei* - ¢
June 3 L c.f. gagei* —s
I cf. gagei* — c, I castaneus - s

May 27 I fossor—c,0

*New locality for Ichthyomyzon c.f. gagei.



Spawning /. c.f. gagei occurred at water temper-
atures of 15-22° C, within the previously reported
range of 15-24°C (Cochran & Pettinelli 1988 and
references therein).

Aggregations of . c.f. gagei occurred both in the
open on gravel substrate and beneath cover of vari-
ous types (Table 1). Although some aggregations
were located on gravel substrate only partially con-
cealed by the overhanging edge of an adjacent
boulder or log, we discovered many groups of lam-
preys in interstices beneath boulders and rocks
where they could not have been detected before
the overlying cover objects were removed. Even
when an aggregation was only partially concealed,
the actual number of individuals in the group was
often greater than originally observed.

Rooted aquatic macrophytes did not typically
occur where I. c.f. gagei were present. At the Yel-
low River, however, we found two spawning
groups in beds of Potomageton crispus, where they
had formed slight depressions partially obscured by
the surrounding macrophytes. The leaves were
roughly similar to the lampreys in size, shape, and
color, and their movement with the current made
the lampreys especially difficult to detect. One
group was partially obscured by a rock in addition
to macrophytes.

When aggregations of adult /. c.f. gagei beneath
cover objects were previously noted (Cochran
1987, Cochran & Pettinelli 1988), it was not known
whether the lampreys were engaged in spawning.
During the present study, however, we obtained
evidence that spawning may occur under cover.
Although we could not always observe the behav-
ior of lampreys in crevices, in several instances we
witnessed the rapid quivering movements that are
associated with the spawning act. In addition, we
sometimes observed eggs in the water column im-
mediately adjacent to the lampreys or sifted them
from the underlying sediment.

We obtained sufficient data on 1. c.f. gagei to
suggest several trends. We emphasize, however,
that complete samples were not obtained at all
sites, and the patterns we describe below should be
treated as hypotheses requiring verification with
independent data.

383

(1) Aggregations beneath cover objects seemed
relatively more common in the large swift-flowing
Namekagon and Yellow rivers of Wisconsin (1988
data: 19 of 30 and 5 of 5 aggregations, respectively,
were at least partially concealed) than in the small-
er, shallower, and more slowly flowing Pine Coun-
ty streams of Minnesota (1986 data: 4 of 12 aggrega-
tions at least partially concealed).

(2) It was our impression that aggregations beneath
cover tended to occur primarily in relatively deep,
swift water. However, after pooling data for all
sites, the mean depths for 24 aggregations beneath
cover (41cm; range = 10-70cm) and 11 aggrega-
tions in the open (32 cm; range = 8.5-50 cm) were
not significantly different (t-test, p= 0.14), nor
were their respective variances (F-test, p > 0.25).
A significant difference in variances might have
resulted if aggregations beneath cover occurred
over a wider range of depths. Although we did not
collect enough data to make statistical comparisons
for individual sites, the greatest depths at all sites
were for groups of lampreys beneath cover objects,
and these were all located in relatively swift cur-
rent.

(3) The mean aggregation sizes for 28 aggregations
beneath cover (6.9; range = 2-16) and 16 aggrega-
tions in the open (15.0; range = 2-45) were signif-
icantly different (t-test, p = 0.05). Because varian-
ces for the two groups were significantly different
(F-test, p < 0.005), we compared the means with a
t-test that did not require the assumption of equal
variances (Ryan et al. 1985). Small groups beneath
cover may simply reflect a physical limitation of
space.

(4) At two sites on the Namekagon River (the U.S.
Highway 63 and Petersen Road crossings), our ob-
servations spanned the spawning period for I. c.f.
gagei. Aggregations beneath cover occurred
throughout the spawning period, although the few
lampreys observed on the last days appeared to be
spent. By contrast, the spawning groups in the
open at the Highway 63 crossing occurred only
during the peak of spawning activity; only a few
stragglers were observed in the open on later dates.
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Ichthyomyzon castaneus

In 1988, we found adult I. castaneus in nine aggre-
gations at four localities (Table 1), always with 1.
c.f. gagei. The number of I. castaneus in aggrega-
tions ranged from one to five, whereas the number
of I. c.f. gagei in the same groups ranged from five
to roughly 45. Both male and female I. castaneus
occurred in aggregations, and we were able in one
case to observe spawning-related activity. Four ag-
gregations with I. castaneus were at least partially
concealed by cover objects.

Ichthyomyzon fossor

During the present study, we found I. fossor
spawning beneath rocks in Bear Creek, Barron
County, Wisconsin (Table 1). We also found an
aggregation of 8-10 individuals in the open at the
same locality.

Discussion

We have observed three species of Ichthyomyzon
in aggregations beneath cover objects. In at least
some cases, each engaged in spawning beneath
cover. Review of the literature has revealed scat-
tered anecdotal accounts of aggregation or spawn-
ing beneath cover by other populations of Ichthyo-
myzon (Table 2), although many workers have also
found these same species spawning in the open
(e.g., Hankinson 1932, Case 1970, Pflieger 1975,
Morman 1979, Robison et al. 1983). Ichthyomyzon
fossor seems especially prone to spawning beneath
cover. In their original description of the species,
Reighard & Cummins (1916) reported that spawn-
ing in Michigan took place almost invariably when
adults were hidden among or beneath stones 8-
15cm in diameter.

Reproductive and other behaviors may provide
clues about evolutionary relationships among taxa
(Page 1985). Our observations and literature re-
view have focused on Ichthyomyzon. We have less
evidence that spawning beneath cover objects oc-
curs with regularity in other genera (Table 2). For
example, in a recent detailed review of European

Table 2. Accounts of lampreys aggregating beneath cover. Cases in which the aggregated lampreys were reported to be spawning are
listed separately (in at least some of the remaining cases, spawning beneath cover may have occurred but was not observed). In some

cases, lampreys were only partly concealed by cover.

Lamprey species Aggregations beneath cover

Spawning beneath cover

Ichthyomyzon

1. castaneus Cochran 1987, this study

L. fossor Cochran & Pettinelli 1988

L c.f. gagei Cochran 1987
Cochran & Pettinelli 1988
this study

I gagei Dendy & Scott 1953

1. greeleyi

L. unicuspis

Other species
Lampetra appendix

Petromyzon marinus

Hall 1963, this study
Reighard & Cummins 1916
Morman 1979

Cooper 1983

this study

this study

Raney 1939
Morman 1979
Greeley (in Smith 1985)

LeSueur 1827 (in Hubbs & Trautman 1937)
this study

Applegate 1950

Noltie & Robilliard 1987




lampreys (Hol¢ik 1986), none of the ten species was
reported to spawn beneath cover objects, although
several were occasionally found spawning in the
shade. It was generally reported that avoidance of
daylight diminishes during the spawning season, so
that even bright light is tolerated (e.g., Hardisty
1986). This response parallels the trend for Ich-
thyomyzon c.f. gagei to shift from cavities to open
substrate as the spawning season progresses, and it
is also consistent with Applegate’s (1950) observa-
tions in Michigan and our own observations in Wis-
consin that Petromyzon marinus which reach their
spawning grounds prior to spawning spend daylight
hours undercover. In addition to the accounts list-
ed in Table 2, Martin Sneen (personal communi-
cation) observed two of seven spawning groups of
Lampetra appendix in Jambo Creek, Manitowoc
County, Wisconsin, on 3 May 1989 spawning be-
neath cover. One group was beneath the down-
stream edge of a stump, which formed a ‘roof’
19 cm above the bottom in water 33 cm deep.

The significance of aggregations beneath cover

It is possible that some aggregations have no func-
tional significance per se but represent the collec-
tive result of habitat selection by individuals. As
lampreys complete the transformation from the
ammocoete stages, they are known to select coar-
ser substrates (Hardisty 1986) and, except for
spawning, they subsequently tend to be most active
at night and to seek cover by day (Cochran 1986).
Cochran & Pettinelli (1988) suggested that crevices
among boulders in deep, fast water may provide
overwintering habitat that is well oxygenated and
protected from both ice scour and visual predators.
Stream-dwelling parasitic lampreys may continue
to use the same microhabitat during intervals be-
tween attachments to hosts (Cochran unpublish-
ed). Indeed, during this study, we occasionally
found recently transformed I. castaneus beneath
cover objects with mature conspecifics or mature /.
c.f. gagei, associations that were probably coinci-
dental.

As the spawning season approaches, it is likely
that group-spawning lampreys are mutually at-
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tracted, probably through the action of sexual phe-
romones (Teeter 1980). As suggested by Cochran
& Pettinelli (1988), crevice microhabitat may serve
as a pre-spawning staging area, where individuals
accumulate until an appropriate stimulus triggers
the onset of nest construction and spawning. Mixed
species aggregations in crevices (Cochran 1987) or
spawning in the open (Huggins & Thompson 1970,
Pflieger 1975, Morman 1979) possibly result from
similarities in sexual pheromones of closely related
species, as suggested by Cochran (1987) for . casta-
neus and I. c.f. gagei, or from a propensity for
smaller species to take advantage of the nest build-
ing activities of larger forms (Morman 1979). If
only the latter hypothesis is correct, then nonpara-
sitic species should be attracted by the pheromones
of parasitic species, but not vice versa.

Our observations and literature review indicate
that some aggregations of Ichthyomyzon beneath
cover objects engage in spawning, contrary to typ-
ical accounts of lampreys spawning on open sub-
strate. What are the possible selective advantages
for this alternative behavior? We suggest two,
which are not mutually exclusive.

First, the ability to spawn beneath cover objects
may allow lampreys to reproduce in streams or
reaches of streams where the current is too strong
to permit successful spawning in the open. Simi-
larly, cavity spawning may permit successful repro-
duction during years in which abnormally high dis-
charges during the spawning season reduce the
availability of suitable conditions in the open. Flex-
ibility in spawning site use may be especially impor-
tant to semelparous species, such as lampreys,
which have only one opportunity to spawn. Often,
but not always, aggregations of Ichthyomyzon be-
neath cover objects occurred in relatively deep,
swift water. Swift current may limit the availability
of suitably-sized substrate to pockets protected by
boulders or other large objects, or it may be too
strong for lampreys to hold position and complete
the spawning act in the open. Thus, in some cases
we have overturned boulders to reveal aggrega-
tions of lampreys which were then swept down-
stream, along with the underlying sediment.

Second, lampreys spawning beneath cover ob-
jects, especially in deep swift water, are undoubt-
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edly less vulnerable to at least some types of visual-
ly hunting predators. It is very easy for human
collectors to detect, approach, and capture lam-
preys spawning in shallow, open habitats, and they
are quite vulnerable to such predators as gulls,
herons, racoons, mink, and even dogs (Applegate
1950). Moreover, aggregations of lampreys spawn-
ing in the open are sometimes attended by schools
of small cyprinids (Raney 1939, Case 1970, person-
al observations), which appear to be feeding on
eggs. Spawning beneath cover would decrease
mortality to these predators. However, other pred-
ators may occur in the crevice microhabitat. For
example, we frequently have observed mudpup-
pies, Necturus maculosus, beneath cover objects at
localities where lampreys also occur; a congeneric
N. lewisi is known to prey on brook lampreys
(Nickerson & Ashton 1983). Perhaps of greater
significance, as potential predators of lamprey
eggs, are crayfish. At some sites, we found numer-
ous crayfish in crevices which earlier had concealed
aggregations of spawning lampreys.

Implications of cavity spawning

Cavity spawning by Ichthyomyzon must be taken
into account when distributional surveys are
planned. This is especially true for the nonparasitic
species, which are difficult to identify as ammo-
coetes and are usually most easily collected as
adults during their brief spawning season. To what
extent a population in a particular locality relies on
cavity spawning in swift, relatively deep water will
affect the difficulty of detecting it with such tradi-
tional methods as seining or electrofishing, espe-
cially if these methods are applied only briefly at
any site. Indeed, that I. c.f. gagei escaped detection
in Wisconsin and Minnesota until only recently
may be due at least in part to its propensity for
cavity spawning. Hall’s (1953) experience with Ich-
thyomyzon castaneus is instructive in this regard.
His concerted effort during an extensive field study
revealed only a single spawning group, which was
concealed beneath a log, and he concluded that he
would never have found it if he had not been snor-
keling.

Regardless of whether cavities are used for over-
wintering, aggregation by pre-spawning adults, or
spawning, cavity microhabitat may be just as crit-
ical to the persistence of lamprey populations as the
microhabitats conventionally associated with
spawning and rearing of ammocoetes. Future stud-
ies of cavity use by lampreys should include quanti-
fication of cavity versus open substrate spawning in
a variety of natural situations, laboratory measure-
ments of choice of spawning mode under con-
trolled conditions, and assessment of cavity spawn-
ing by additional lamprey taxa.

Acknowledgements

Early surveys were funded in part by the National
Oceanic and Atmospheric Administration’s Office
of Sea Grant, Department of Commerce, through
an institutional grant to the University of Wiscon-
sin. Subsequent work was funded by grants from
the St. Norbert College Office of Faculty Devel-
opment, the Minnesota Department of Natural
Resources Nongame Program, and the Lois Almon
Fund. We thank Jeff Hagar, John Lyons, Tim Pet-
tinelli, and Martin Sneen for assistance in the field,
the Don Welk family for hospitality, and St. Nor-
bert College for support of undergraduate re-
search.

References cited

Applegate, V.C. 1950. Natural history of the sea lamprey (Pe-
tromyzon marinus) in Michigan. U.S. Fish Wildl. Serv., Spec.
Sci. Rep. Fish. 55. 237 pp.

Balon, E.K. 1975, Reproductive guilds in fishes: a proposal and
definition. J. Fish. Res. Board Can. 32: 821-864.

Balon, E.K. 1981. Additions and amendments to the classifica-
tion of reproductive styles in fishes. Env. Biol. Fish. 6: 377-
389.

Berkman, H.E. & C.F. Rabeni. 1987. Effect of siltation on
stream fish communities. Env. Biol. Fish. 18: 285-294.

Case, B. 1970. Spawning behavior of the chestnut lamprey
(Ichthyomyzon castaneus). J. Fish. Res. Board Can. 27:
1872-1874.

Cochran, P.A. 1986. The daily timing of lamprey attacks. Env.
Biol. Fish. 16: 325-329.

Cochran, P.A. 1987. The southern brook lamprey (Ichthyomy-



zon gagei) in the St. Croix River drainage of Wisconsin and
Minnesota. Copeia 1987: 443-446.

Cochran, P.A. & T.C. Pettinelli. 1988. Northern and southern
brook lampreys (Ichthyomyzon fossor and I. gagei) in Minne-
sota. J. Minn. Acad. Sci. 54: 23-27.

Cooper, E.L. 1983. Fishes of Pennsylvania and the Northeast-
ern United States. Penn. St. Univ. Press, University Park. 243
ppP-

Dendy, J.S. & D.C. Scott. 1953. Distribution, life history and
morphological variations of the southern brook lamprey, Ich-
thyomyzon gagei. Copeia 1953: 152-162.

Hall, }.D. 1953. An ecological study of the chestnut lamprey,
Ichthyomyzon castaneus (Girard), in the Manistee River,
Michigan. Ph.D. Thesis, University of Michigan, Ann Arbor.
101 pp.

Hankinson, T.L. 1932. Observations on the breeding behavior
and habitats of fishes in southern Michigan. Pap. Mich. Acad.
Sci., Arts, Lett. 15: 411-425.

Hardisty, M.W. 1986. General introduction to lampreys. pp.
19-83. In: J. Hol¢ik (ed.) The Freshwater Fishes of Europe,
Vol. 1, Part 1, Petromyzontiformes, AULA-Verlag, Wies-
baden.

Harlan, J.R. & E.B. Speaker. 1956. Iowa fish and fishing (3rd
ed.). State Conservation Commission, Des Moines. 377 pp.

Holeik, J. (ed.). 1986. The freshwater fishes of Europe, Vol. 1,
Part 1, Petromyzontiformes, AULA-Verlag, Wiesbaden. 313
pp.

Hubbs, C.L. & M.B. Trautman. 1937. A revision of the lamprey
genus Ichthyomyzon. Misc. Publ. Mus. Zool. Univ. Mich. 35:
1-109.

Huggins, R.J. & A. Thompson. 1970. Communal spawning of
brook and river lampreys, Lampetra planeri Bloch and Lam-
petra fluviatilis L. J. Fish Biol. 2: 53-54.

Malmqvist, B. 1986. Reproductive ecology of lampreys. pp.
20-30. In: T. Uyeno, R. Arai, T. Taniuchi & K. Matsuura
(ed.) Indo-Pacific Fish Biology, Proc. 2nd Intl. Conf., Ich-
thyol. Soc. of Japan, Tokyo.

Morman, R.H. 1979. Distribution and ecology of lampreys in
the lower peninsula of Michigan, 1957-75. Great Lakes Fish.
Comm. Tech. Rep. No. 33. 59 pp.

Moyle, P.B. & J.J. Cech, Jr. 1988. Fishes: an introduction to

387

ichthyology (2nd ed.). Prentice Hall, Englewood Cliffs. 559
pp-

Nickerson, M.A. & R.E. Ashton, Jr. 1983. Lampreysin the diet
of hellbender Cryptobranchus alleganiensis (Daudin), and
the Neuse River waterdog Necturus lewisi (Brimley). Herp.
Review 14:10 (Note erratum concerning authorship 14:48).

Noltie, D.B. & D.R.C. Robilliard. 1987. Observation of late
summer spawning activities by the sea lamprey, Petromyzon
marinus, in the Carp River, eastern Lake Superior. Can.
Field-Nat. 101: 599-600.

Page, L.M. 1985. Evolution of reproductive behaviors in percid
fishes. I1l. Nat. Hist. Surv. Bull. 33: 275-295.

Page, L.M. & T.P. Simon. 1988. Observations on the reproduc-
tive behavior and eggs of four species of darters, with com-
ments on Etheostoma tippecanoe and E. camurum. Trans. Il
Acad. Sci. 1988: 205-210.

Pflieger, W.L. 1975. The fishes of Missouri. Mo. Dept. Con-
serv., Jefferson City. 393 pp.

Raney, E.C. 1939. The breeding habits of Ichthyomyzon gree-
leyi Hubbs and Trautman. Copeia 1939: 111-112.

Reighard, J. & H. Cummins. 1916. Description of a new species
of lamprey of the genus Ichthyomyzon. Occas. Pap. Mus.
Zool. Univ. Mich. 31. 12 pp.

Robison, AW., E. Laird & D. Koym. 1983. Fishes of the
Antoine River, Little Missouri River system, southwestern
Arkansas. Arkansas Acad. Sci. Proc. 37: 74-77.

Ryan, B.F., B.L. Joiner & T.A. Ryan, Jr. 1985. Minitab hand-
book (2nd ed.). Duxbury Press, Boston. 379 pp.

Smith, C.L. 1985. The inland fishes of New York state. N.Y. St.
Dept. Env. Cons., Albany. 522 pp.

Smith, P.W. 1979. The fishes of Illinois. University of Illinois
Press, Urbana. 314 pp.

Sneen, M.E. & P.A. Cochran. 1990. A comparison of urogen-
ital papilla length in northern and southern populations of
southern brook lampreys (Ichthyomyzon gagei). p. 165. In:
Abstracts, 70th Annual Meeting, Amer. Soc. Ichth. Herp.,
Charleston.

Teeter, J. 1980. Pheromone communication in sea lampreys
(Petromyzon marinus): implications for population manage-
ment. Can. J. Fish. Aquat. Sci. 37: 2123-2132.



