
Ting T. Kan

Department of Fisheries
University of Techoology
Papua, New Guinea

and

Carl E. Bond

l-)eparrmenr of Fisheries and Vildlife
Oregon State Uoiversity
Corvallis, Oregon 97330

Notes on the Biology of the Miller Lake Lamprey
Lampetra (Entosphenus) minima'

Abstract

Biology and life history of the extinc Miller Lale lamprey were studied by examinatioo of field
notes aod preserved specimeds. The life span was appioximately 36 monihs. About 30 mooths
yqe spery in the larval stage, with metamorphosis to the adutr stage io the fall aod spawniog
in late s_pring and early summer. Although the adults fed voraciously on rout and chubs, a;d wer;
iDvolved in cannibalism and scaveoging, rhe shriokage in lengti from full-rerm larvae ro spawning
adulrs was abour.4.5_ percenr. Slrciadon of rhis dwarf lamprey apparendy required l&s than
6600 years, tor fish life ot Milter Lake- is 4ougtrr ro have been disrroyed by the explosion of
Mount Mazama, only 38. km distanr. Reduced Iood supply for lampreys .iinu"ding the iuke, rela,
tively sholt generation time, and the "founder ef{ect" ire thoughi ro'have been'involved in the
rapid speciation.

Introduction

Ld.ntpetua (Entorphexus) nzi,nima is a dwarfed parasitic lamprey formedy {ound only
in Miller Lake, Klamath County, Oregon. Fish control operations during the 1950s
caused the appareot extitlcdoo of this species (Bond and Kan, 1973). Subsequent
intensive investigarion of the lake and outlet stream by the Oregoo Department of
Fish and N/ildlife has disclosed no specimens ( Harry lorz, ODFV, pers. comm. ) .
The location of Miller Lake is T27S, R6 1/2E, Secs. 11-14, about 16 km oortheast qf
Mr. Thielsen.

Biology

Bond and Kar (1.973) described and named L. minima and Kan (1975) discussed
the species briefly. The objective of this paper is to exarnine the life history of L,
minima and to relare the biology of the species to irs apparently rapid rate of specia-
tion. The biology of this species can be studied only in reuospect, based on presened
specimens mostly in the Fish Collection, Department of Fisheries and Wildlifg Oregon
State University (OS), and notes and observations made in the eady 1950s.

Unlike other parasitic species of lampreys, L, minina was considerably larger in
total length in late larval stage and rhe feeding stage than in the spawniog srage
(Bond and Kar', 1973) (Fig. 1). Shrinkage from the feeding stage is about 13 per_

rTechnical paper fi5258, Oregon Agricultural Experiment Station.

70 Northwest Science, Vol. 55, No. 1, 1981



o,)

9-

1 0 40 s0 60 70 80
Total length (nn)

100

Figure 1. Length-frequency distribution for Lampetra ,nixir/ta ammc*:oetes (102 specimens, indi'
cated by solid line), feedels (44, dofted line), and spawners (40, broken line) from
Miller Lake, Oregon.

cent; spawners are about 4.5 percent smaller thao the ammocoetes of age class II.
Thus, the postlarval period of mitzima was shortened compared to landlocked ,L td-
dentata of the Klamath Basn. L. minima metamorphosed in fall and spawned in

June and July. The feeding period was therefore less than a year. During this short
period, t. minima led voraciously when prey animals were available. Lamprey marks
were observed on tui chubs, Gila bicolctr, and rhe planted fingedings of brown trout,
Salno trutta, and brook trcut, Sall)eLituur fontiaali:, Cannibalism (see Davis, 1967)
also played a part in the nutrition of minima, for scars aod mioed-out holes were found
oo specimens in collections ol minima at feediog stage (OS 2811 aod 2879). Scaveng-
iog was seen on sevelal occasions. Dead tui chubs aod lampreys were cootinuously
atrended by feeding lampreys until all soft material was removed. Chubs were some-
times reduced to a perforated skin surrounding the skeleton.

Egg counts fot lO L. minima range from 503 to 127, vrith a mean of 604.40. Rel-
ative fecundity (no. of eggs per g of egg mass,/total body weight in g) varies from
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432 to 596 (mear 521) . Compared with other lampreys as listed by Hardisty ( 1971),
the absolute fecundity of minina is the lowest, apparenrly a consequence of its ex-
tremely small adult size. On the other haod, the relative fecundity of minimz is among
the highesq indicating that a large fraction of the lipid resetves accumulated during
larval life and the short parasitic period would be incorporated ioto gonadal products
so that little reserve would be left for a spawniqg migmtion up tributaries. L. m,inima
apparendy had reduced the migration coosiderably; all spawners io the OS collection
were collected along the lake shore. Few anmocoetes were collected from th6 cold
tributaly steams, but ammocoetes wefe commoo in deposits of organic detitus
along the lake shore. Presumably ,rmmocoetes were pres€nr in organic deposits in
deeper water, but we have no collections from deeper than about I m.

Length-frequency disuibudon qf 102 ammocoetes, most of which were collected
in the fall along the lake shore, indicates the larval priod of L minima to be about
l0 months ( Fig. 1). By compalisoo, rhis duration is at least one year shorter than the
larval period of L, trid,entdta, of which minima is a derivative (Kaf,, l9j5).

Evolution

The evolution oI L. nzi,nima apparently took place in the Miller Lake draioage follow-
ing disruption of its connection with the.redainder qf the Klamath Iake draioage.
The great Mount Mazama exploded abour 6600 years ago ( Powers and Sfilcox, 1964),
with thick fall of ash aod pumice covering the surrouqding area including the present
Miller lake disuict (Ifilliams, 1942).'the forerunner of minima must have survived
the ashfall in the outlet $ream or conoecing waters (less likely in Miller Iake itself),
but it seems probable thaa there were severe and lastiog effects upon spawning sites
and on food supply, so that the numbers surviviog must have been small. Our hy-
pothesis requires that the ancestral species musr have abandoned the oudet stream
following reinvasions of, or population rebound in, Miller Iake. A possible reason
could have been interruption of water flow during the peliod of arid climate that
prevailed during the time about 8000 to 4000 years before rhe presetrr ( Hans€n,
1947; Heusser, 1!66).

The shoreline spawniog habit may have resulted from limited suitable space in
the small tributaries and to their cold temperatures. Studies of the sea lamprey, pet-
romlzon vzdtinur, disclosed that peak spawning and successful hatching took place
at temperatures of 15.6' to 21.1'C (Applegate, 1950; McCauley, 1953; piavis, 196l).

The only other fish species rhoughr to have survived in the system was the tui
chtb, Gik bicolor, which has heavy scales and, except in very youog srages, is nor
easy prey for a small lamprey. Moreover, the lake and environs, smothered by cinders
and pumic€, probably could noi support a large population of either chubs or lampreys.
Lampreys are known to respond to diminished food supply by reducing the ultimate
body size, but vrithout changiog the duration of the feediog stage (Hardisty and Hug-
glns,7973). Smith (1971) reported a 13 percent reduction in size of petuomyzon
narinus in rhe Great Lakes from 1947 to 1970. This change was independent of the
abundance of lampreys but reflected a general reduction in food supply. In response
to the supposed severe paucity of food, l. ttzinima evidcrtly wolved through two
se€miogly cotrrlasting processes: feeding fiercely on whatever was available, and
maturing early and spawning even o! a srarvation diet. These rwo processes were
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appafently opelating in view of its eventual characteristic adult body size and its ob-
served feeding habits such as predation, cannibalism, and scavenging. As a result, l,
minima temaited extremely dwarfed and maintained rhe short adulr life even though
iotrcduction of other species provided abundanr food. Only ooe of ou! preserved speci-
mens, a. 12) mm adult (OS 2873), appears to have speot more rhao a few weeks ro
a few rnonths in active feeding. The impact of predatioo upon planted uout finger-
lings led to the destruction of the species through chemicat conffol measuremenrs
during the 19)0s.

Specialion Rale
The speciation of L, minima must have required less than 6600 years. Factors that
interacted with genetic processes and played an imponant role in bringing about
this rapid rate ioclude geographical isolation and severe ecological conditions, in
particular reduced food supply.

Roles of geographical isolation in the process of gradual speciation have long been
a subject of discussion. Mayr (1961) accumulated much evidence indicating that rhe
plocess of speciation requires geographical isolation, the allopatric model of speciation.
L. minima appeared to become geographically isolated from a probable landlocked
L. tridentata rype aocesfiy following the impact of the Mazama volcanism and arid
climate. Durarion of the isolation, some 6600 years, would seem insufficient to allow
for the dif{erentiation of a form to a full species level (see Hubbs, 1940; Miller, 1961);
but during this period, L. minima accumulared distioctive characters including dwarf-
ism, altered feeding habirs, and patial or complere elimioation of adfluvial migration,
as well as reduced disc size, reduced dentition, and other salieflt characrels (Bond and
Kan. 1973 ).

No doubt the physiochemical makeup of the v/arer in Miller Lake was gready
altered through addirioo of a large amount of hot volcanic ash and cinders generated
by the Mazama eruptiofl ody 38 Lm away. Native fishes, including rhe lamprey, prob-
ably died out because of the sudden drastic environmeotal changes. Altered ecological
conditions that confronted the reinvading or surviving fishes in the Miller Lake
rlsrem musr have pleyed an imporranc pan in speciarion.

After a sudden drastic environmental chaoge has reduced a species to a very small
population, the genotype of a majority has already been proven unsuccessful to meet
the changed eovilooment. The remoant of rhe flow decimated species is faced with
perishiog or adapting. Adaptation cao be facilitared through inbreeding io a small
population. Populatioo size of the incipient t. minina tt Miller Lake was appareotly
very small because of rhe impact of the Mazama ashfall. By comparison with che
supposed parent species, l,. ,r;d,elttdta, some characterisrics o[ L. rninina inclr<lir^g
the denrition and adulr body size are remarkably consraor (Kan, 1975), suggesting
rhat iobreeding in a srnall popularion had iodeed occurred.

A short generarion time appears to favor a rapid speciation rate in isolated fresh-
water fishes (Miller, 1961). The three-year generation of mi,ni,na was looger rhan the
generation time of most freshwater teleosts, bur was shoft for a lamprey; this fact
may have speeded the rare oF spcciarion.
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