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We have carefully read the dissertarion entitled.._The 11fe history and ecology
" of the longfin smelt in Lake Washington

submitted by
in partial fulfiilment of

Robert L. Dryfoos

the requirements of the degree of Doctor of Fhilosophy
and recommend its acceprance. In support of this recommendation we present the following
joing statement of evaluation to be filed with the dissertation.

In his dissertation on "The life history and ecclogy of the longfin
smelt in Lake Washington" Mr. Dryfocs has demonstrated = pronounced ability
to integrate the elements of hig background f{nto a solid basis for the in-
vestigation of a fishery biology problem which had gone virtually unncticed
at the very edge of the University of Washington campus. His recognition of
the opportunity, his initiative in applying appropriate techniques for its
study, and his awereness of the implications of his findfings have resulted
in a thesis that is not only of current interest but is certain to stand
as a vital documentation of a&n important transitory condition in Lake
Washington that might otherwise have passed without record. His further
contribution to the taxonomy of the longfin smelt lies in a more usial
research area but is also significant addition to knowledge about the fishes
of the Pacific Coast of North America.

The particularly significant results of the thesis are the discoveries
that (1) mome populations of longfin smelt run their entire life cycle in
fresh water; (2) the life cycle is completed in two years; (3) the present
growth rate of smelt in Lake Washington is equal to or greater than that of
some anadromous popuelations of longfin smelt; (&) there 1s a diel migration
of smelt and of their chief food item, Neomysis:; and (5) that structural
deformities occur in an unexpectedly high proportion of longfin smelt from
Lake Washington. . : '

The study conducted and reported by Mr. Dryfoos i3 a worthy dissertation
as it stands, but its.value will surely be enhanced as present conditions in
Lake Washington become modified, and future investigations seek to describe
how the changing physical environment affects the biclogical components of the
ecosystem. ’ ‘

-~

: /-‘7 étu—f—auﬂ? /‘6114‘—4'»{-4124}1/

SIS

DISSERTATION READING COA&HTFEE:%ZQ—Z’I_‘_L@L%‘




i1

TABLE OF CONTENTS

Page
TINTRODUCTION: v s v asnsuvsssunuensnronnsmsrosescanoannsasrsas 1

LITERATURE REVIEM, | .4t vueuvnenceavercennonnnncanasuovsnne b

METHODS . s v aveosdntsransnsacnccnosannmennanarsssversresares 1l

Sampling PrOCI@M. eeescavsorocassrsssrrosnssnsensavre AL

PLCLd COL1ECtLONE s anrcraannarncocrarsossnssarsvnces 15

‘Laboratory Pr'oCEdUI'EScausoncvovsasnrsososenrsannvance &1

RESUL S 4 vaenornvnersnsosnssscnsocsanannannansvasioansee O

Take Washington Population,.

Freshwater Residence..,

Age and Growth,.....o0.

Reproductlon.  veceeecss

Food and FeedIne.cvercorouencerasarasransovssan

Distributdon. .. rereescnoersonnsonassnrssssrens 21

Vertical and Horlszontal Dlstrlidution of
e s 8

Relationshlps with Other Qrraniocns.. ...

Relationshlps with the Physlcal Snvirommen

.
(%)
Distribution ol Fishes and Zcho sound larks, 7o

FBT=R o) o210 5 v =< A S S 1

Meristics and liorphometrics......

jrtudies of Smelt from Other Areas,....

3an Juan Islandz, jashinzton.....

Port Gardner, Jashinsbon.e..veeiisesnesnensane. 109

Sacramento and San Joaguln Rivers,




TABLI OF CONTZNDS (Sontlnues)
Pace
Nooksack River, HasnIn ton. e s e s e rioennass 1148
Harrison lake, oritish Columbia. . oveeeeesvresas 11%

Taxonomic ConolderationS. i reacrsnncesrssnoas L2T

mhe Role and Future of the gSmelt in -the Lake
Wasninglon fCoBySUlile e crruernernsrrossasnennans 132

T TIRTIV . -
B0 R ot

LITERATURE CETED, et vannurnnenonnssusosacesnensnneansans 12

APFEIMDICES

L I R R I O T T T




11,

12,

1.

1k,

1v

LIST OF TABLES

Sunary of midwater trawl_sdmpling trips in
Lake Washington., iuviieiasnscrneanosssseasntvnnnne

Fecundity of two-yéar~old 1ongfin sinelt from
Lake Washinglon.ciiviinienvrsnnossssascssassrocans

Average dry welghts for species of zooplankton
eaten by 8mMElb. .. vuivisucenrnrrersrnoroaerssasanns

Summary of stomach conftents by dry weizsht of foad

B 1

Summary of stomach contents by freguency of
oceurrence of 000 1UeMS.usesivernceoransacsannnas

Catch of smelt by are, time of day, and month
for standard depths and EriDB..esvesrcroesocernnes

Specles of fish taleen during midwater Srawling in
Lake Hashinglon.seseseerrorascrnosaesssennsocencnss

gorrelation ccefficilents for simulbanzous catches
of the domlnant nekicnlc 8NeCleS.veivessssriceene '

Summary of physical environmental {factors for

BI'E82 Sueursscanser oot ancsanstntsasctninnenoanns
Correlatlon of dominant speciles in 595 mlduater

trawl hauls and slmulatneous Simrad aarks Crom
objects at the depth of the haul,. i neeeusncees .

Simrad analysls of smelt and sockeye solmon caten

Tor posslble conbaminalion,.vesisvescarerosrnncens’

Analysis of dilel availebility of sockeye, smelt,
and total sockeye DIus SMOlt..eeesvevnorsoresnsene
Frequency of cccurrcence of major vertebral

defornities DY Vool ClaBS.usensrascrcooccnsnsnenss

Frequency of occurrence of dorsal fin zbnormali-

T1es DY Year CloBmuuuseuessssvasonnnsrsranesvsones

Page

12

38

ur

48




LIST OF TABLES (Continued)

‘Page

15. Meristic characters by three-month age groups
to the adults and thelr differences from the ‘
20ULt COUNES. iuuivuvenannsncrartosavacenssnsrasses 98 . 3

16. comparison of meristle characters by sex and
"year ¢1ass for 1952 and 1963..4ieevsrssrcnsensacs 99

17. Analysis of merlstlc differences by area of
capture for smelt less than 9 months old and for
those 9 months 0ld or older,.iviivesvesnsnssavsoans 101

18. Genesral growth form of morphometric éharacters.q.'106

19, Sexual dimorphism in the length of the seventh
from the last anal fln ray.....eocecsssocsesssoas 108

20, lengthn ffequency of January caught mature long-
fin smelt in Carquinez Stralt, California, in

L RPN b

21. Sumrary of meristic data for 28 lengfin smeld
from the delta of the Sacramento and San Joaguin )
RiVET S uuanessonessvansnonsnannansonssannrassanssar 113

22. gummary of merlstic data for 35 lon;fin smelt
from tha Nooksack River, November 24, 1953..,.... 115

23,  Fecundlty of adult smelt from Harrison Lake,
November 23, 1953, . v uereesreeransesonsnnreserens 1202

24, Summary of meristic data for 42 longfin smelt
" from Harrilson Lake, November 23, 1903.....0esnre. 121




vl

LIST OF FIGURES

1, perlal view of Lake VWashington...eeeees.. erasaiee 13

2. Modifled six-foot Isazcs-Kidd midwater trawl
(after Aron, 1900)..cvesseavennsenanervasnnnsnnse LT

3. growth in welght for the 1952 year clasS..,...... 28

L, growth in weight for the 1953 year clasS....cieevs 29

5, Averapge weighﬁ of smeit by age'for the 19352,

19603, and 1904 year classCB...cecescsnirssasroaras 3i
6. Growth 1n length for the 1962 year 61as§......... 33 . 3
T. Growth ip length for the 1903 year class..... ;... 34 :
5. Average length of smelt by age for the 1952, i o -E

1963, ‘and 1964 yodr claB5e8. s rassssancssassanes 39

G, Telation of total weirht to body or eviscerated
welght for male and female smelt from lake .
HaSHINEEO . v s s svonsssnsaesranertsrsosscsascasans U1

110, Pipment pattern of recently-hatched larva.,..ee.. 3

1, Day and niéht depth distributlon of Juvenile
smelt catcehes for each standard trin and haul
In area livesaeessonsn o 5|

1z, Day and night depth distributlon of adult smels
© gatcheg for each standard trip and haul in

= T S 4

13. Day and night depth distribution of Juvenile
pmelt catches averaped for e¢ach standard trip
and haul In aréas 2 and Siuueecvsesnstaraniasncas DD

14, Day and night depth distribution of adult smelt .
catches averaped for each standard trip and haul ?
In areas 2 And 3usssesscorrestesorearanasarsasenss DO 3




28.

29.

30,

31,

32.

33.

34,

35.
36,

. 37-

viil

LIST OF FIGURES (Continued)

Plot of the length of the pectoral fin divided

by the dlstance between the Insertlons of the
pectoral £in and the pelvic fir agalnst

standard length.....iuveiineeiesonssaracrenrnecnns

plot of the length of the pectoral fin versus
standard 1ength. .o, euiercnnnorerternosasaacasasnncs

Plot of the distance between the insertion of
the pectoral and pelvic flns versus standard

1eng e i vs s sanrcsssaanssnnacvnrrnsororrrrsaasnoes

Depth of tow and numbers of jJuvenile and adult
smelt captured in Harrison Lake, September 21,

L

Depth of tow and numberg of Juvenile and adult
smelt captured in Harrison Lake, November 23,

1963w.-|-.-n-.--o¢-.o----oc--n.-.--.-.----c.qo}-»

Depth of tow and numbers of smelt lLegzinning
thelr second year of life captured in Harrisocon
Lake, March 21, 1904, . cicuieiiiieerrnonransncnnn

Depth of tow and numbers of Juvenlile and adult
smelt captured in Harrison Lake, June 19-20,

100U e nenar it et s s st e e

General growth pattern of the Harrison ILake
smelt regardless of year ClaSS.uveseeesscssvssensnse

Fluctuation in catch of smelt per unit of effort
in Harrdson Lake,s.serrersnossnsasasasnanssssnsoss

Mature, two-year-old, longf{in smelt f{rom four
STUdY AICaBiuescrianenscurnanascceanasnrannnsscosse

Page .

103

104
105
117
120
123

124
126

128




ACKNOWLEDGMENTS

I would like to express sincere gratitude to my major pro-
.fessor: pr, Allan ¢. Delacy. Dr, Delaey provided excellent
counsel and advice —thfoughout the period of my graduate training. ]
His ;uggestions and criticisms have significanfly improved the
quality of this thesis. I am indebted to Dr, Richafd vanCleve,
pean of the College of Fisheries, Dr, Lauren Donaldson and Dr.
Arthur welander of the College of Fisﬁeries, and to Dr. %. T.
mdmondsen of the Depariment of Zoology, who as meﬁbers of my' ) ;
supervisory committeg aided by thelr constructive critiéisﬁs.and
always helpful suggestions. Dr. Mak Katz of the College of
Fisheries critically reviewed the manuscript and hié helpful
sﬁggestiohs measurably enriched this thesis. Discussions with
Dr. J. D. McPhall were both rewarding and thought provoking. The
ehcouragement and kind assistance of other members of the faculty,

i

staff, and graduate students of the College of Fisheries and ti.-

T

Zaology Depariment 1s sincefely appreciéted.

During‘the fie;d‘investigatiéns the good-natured crew of the
R, V. COMMANDO tolerétcd the many ifregular‘hours which this stud;
necessitated. My sincere thanks to Master Tom Osweld, Jr. and
Engineer 0laf Rockness for their'helpfuiness and amiability.

rhe assistance of many other people 1n cennection with the

Harrison Lake collections and others who provided specimens ol or




gata from longfin smelt from other areas is gratefully acknowl-

edged. 'In addition, Dr. Themas Northcote and Mr. Peter Ellickson

of the gniversity of British Columbia provided blologlcal informa-

tion regarding Harrison Lake.

This study was financed by a Natlonal Science Foundation
grant (GB—906). 4L fellowship awarded by the Bureau of Commercial
Flsheries, U. 3. Fiéh and ¥ildlife Service for the pericd 3eptem-~

ber 1962--September 1964 was of material assistance. Durlng the

terminal phase of the analysis and wrilting of the thesis support
Qas provided by a training grant from the Office of Resource De-
veloﬁment (u. S. Public Health Service) to the College of Fisher-
ies. The assistancé of these organizations is gratefully
acknowledged.

rinally, the understandiné,cooperation;and steadfast encour-
agement of my beloved wife, carol, contributed in many important
ways to this study. Specifically she punched and verified 2,500
IBM cards, conaucted the ncéqssary corféspondence,and typed the

several drafts of this manuscript.




INTRODUCTICN

The obJjectives of this study are (1} to describe the life

hlstory and ecology of the longfin smelt, Spirinchus thalelchthys

(Ayres),‘in lake Washington, {(2) to determine the relationship
_petween the Lake Washlngton pepulatlon and populations of longfin
smelt from other areas, and.(3) to define the role of the smelt

.in the Lake-washingtan ecosystém.

lLake Washington is in the process of aﬁcelerating eutrophi-
cation dus to the Increasing input of treated sewags from Seattle
and the suburbs surrounding the lake, A governmental body, the
Municipality of Metropolitan Seattle, has béen established tc
puild new sewage treatment facilities énd to dlvert the treated
sewage  Into Puget Souhd. This diver;ion w1ll reduce the inpﬁt
of putrients into the lake and wlll presumably reduce the pfo-
ductivity of the lake,

The limnolegy and zoopiankton of.Lake Washington nave hteen
studied several times 1n the past and the chahges in limnological
conditions with Increasing eu£r0phication noted. Present céndi—
tions 1n the lake are being studled by Dr. w; T. Edmondson, of
tne University of Washingtop Department of Zoology, and.the
future changes In productivity willl be documented., Although the
zooplankton in the lake have recelved some attenéion, the resl-

~dent fish populations have not been studled in detail.
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There are ho publighed data available on the growth rate,
distribution, feeding, or predator relationships for any species
bf fishlin Lake Washington, FEven the specles composition in the

1ake 18 not completely known, Thils study was conducted to pro-

| vide this information for one specles resident in the lake, Data

obfained durlng thls study will be the only data for filshes 1n
Léke Washingtbn collected systematically at the time of maximum
production in the lake. As such, they will be of value for any
future study concerning changes.in the ﬁidwaterlfish populations
as the lake reverts to a loﬁer level of prlmary productivity.
Longfin smelt were first taken in Laké Washington 1n 1959
and 1950, Thils study was initiated in 1250 after examlnation of .

the speclmens previouslyfcollected supgested a prolonged perlod

‘of freshwater residence for a supposedly anadromous species. Tne

first fleld collections of this study were made in the spring of
1962, The objectiveé of the field study'wefe to learn somethin:
cf the distribution of the smelt in the 1ake; toc determine how
much time they spend. 1ln the lake, and to obtain infcfmation cn

thelr growth in freshwater. Thls preliminary fleld study indi-

cated that smelt were avallable in virfually all deep parts of

the lake and that they underwent considerable diel changes of
distribﬁtion. The data suggested that they were completing
their entire 1life cyele within the lake, and that they'were gfcﬁ~

Ing faster than some anadroinous populatlons, Contlnuous




eyery

shwater residence had never been'reported for thls species or

fre

for the genus, although several other genera of smelt {osmeridae)

have freshwater representatives (McAllister, 1963). The eﬁidence
suggesting that freshwater resldence was occurring, the fact that
11ttle was known about the ecological requirements of any

.fiSh in Lake Washington, and the unique opportﬁnity to’ study the
.lake at what may be Ltz hipghest level of primary productivity

made a full-scale research program desirable,




LITERATURE REVIEW

In 1863 Dr. W. O. Ayres described a new species of smelt,
Qgggggi.thaIEiChthlﬂ froh San Francisco Bay. He repcfted the
fish to_be qulte common there znd to ﬁe s0l1g indiscriminately
.wifh other "smelt." He mentioned that he had never seen one
over T inches in length and very few over 5 inches. A distribu-
tion from Monterey and then from San luls Oblspo, northward was
attributed to this species by Jordan and Gilbert (1881, 1882).,
gilbert (1895) ldentified with this species several youhg speci~

‘mens from the Nushagalk River, a tributary of Bristol Bay, Alaska..
jordan and Evermann {1896) erected the subgenus Spirinchﬁs for

0. thaleichthys Ayres and a. attenuatus‘Lockington. Theylgave
the soﬁthern limit of distribut;on'of ©. thalelchthys as 3an
Francisco and the northern 1init as Bristol Bay. Evermann and
-Goldsbcrough (1907) referred to Gilbert's collectlon from the
Nushagak River and added that Gilbert had obtained 5 more specl-
mens. In theif tablg giving the geogfaphical distribution of
fishes they indicatedlthat 0. thaleichthys were present in Puget'
Sound and British Columbia, southeastgrn Alaska, central Alaska,
and the Beriné Sea. Rutter (1508) repofted that the adults
ascended.the Sacramento River to spawn in February and the young
descended 1n April;

Kincald (1919) reported 0, thaleiéhthys te be common in

Puget sound waters, which in his definition inecluded coastal




Schultz and Chapman also offered considerable information on

31 fe history. They stated that the specles was anadromous ang

-gpawned 1n the Nooksack River from October to December. Young
speclmens, b1 tq 53 mm., were obtained from thé waters surround-
ipg San Juan Island 1n Augusb, 1932, and wérq described. Sexual
- dimorphism as 1ndicated by the swelllng of the scale pockets
along the lateral 1line of the male was noted and describeéd. They
ndted that this lateral swelling alsc occurred In matﬁre males of
5. lanceolatus and 5. thaleichthys. - Sexual dimorphism in color-
atlon aﬁd enlargement of the fins was reported and it was ob-
'_served that these sexually dimofphic characters were preéenf

only in‘breeding fish.

Spirinchus dilatus was distingulshed from 5. thaleichthys

in having the pectorals shorter than the head and not exbtending
beyond the insertion of the ventral fins. Schultz and Chapman
mentioned that this was hot always true for the lmmature and

half-grown specimens. Spirinchus dilatus was reported to Have a

greater humber 6f scales and anal.rays than did 5. thalelchthys.
Hart and McHugh {1944) provide additioﬁél notes én the life

© _history of the longfin smeltf They examlned aVMarch; 193M,

© collection froﬁ Burfard Inlet, Brltlsh Columbia, which‘included

six males‘averaging 106 mm, and twentyjone femaleé averaglng

110 mm. The largest fish wés 134 mm. long. These specimens

were examined by them and found to bé immature. They mentloned
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that the fish,‘assumed‘to be in their second year of 1ife on the
vasls of ‘their scale markings, were larger than thosé encountered
in the épawning run in the Nooksack River. (Re~examination of
the speclmens by the author indicated they were post-spawnlng
adults. This and the available evidence from the scales indicate
thesé fish were in their third year of 1llfe, They were, there-
fore, comparable in length to those from Fuget. Sound of the same
age;) Four speclmens, 61 to 72 mm,, were reperted from theé
Fraser River at New wEstminster; These young fish had fed en-

tirely on the mysld, now called Neomysis awatchensis, The

larzer speclmens from Burrard Inlet were found to have fed on
euphausids while the smaller speclimens hgd.eaten copepods and
CUMACEAns,

Rosa {1946) carefully éomPared large-samples of 8. starksi

and §. thalelchthys from the San Franclsco area and showed them

'to‘be distinet specles. They differed AIn the length of the

 pectora1 fin 1n relation to the orlgln of the ventral fin, the

Ehape of the head, and in their spawping areas. He noted that
collecticons of S. thalelchthys 1in San Francisco Bay dldé not- show
the sexuai dimorphisms observed by Scofleld (in Schultz and
Chapman, 1934) in Sacramento River speclmens taken near Walnut
Grove, ' The largest specimen obtained by Rosa for S. thalelchthys
vwas 92 mm, His data.for 1eﬁgth—fréquency sugisest that nost of

the adults were two years old.,
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McAllister (1963} recognized a cline in tne charécﬁers used
to distingulsh 3. di}atus from 3. thalelchthys and feund no vallgd
charactérs for'considering S. dilatus as a distinct specles. He
synonomized 3. dilatus with S. thalelchthys. Eils conclusions
were based upon specimens from Alaska {Dryfoos, 1961) as well as

from Califcrnia, Oregon, Washlngton, and Britisﬁ Columbla,

Spirincﬁus thalelchthys ls only sparsely utilized by man
throughout 1its range.. However, Herald (1961) repcrté catches of
more than 60,000 in 2 single 3-~hour fishing period by orilental
fishermen 1ln San Francisco Bay. It 1s recognized as a food flsh
by the étate ol Washihgton Department of Fisherles, A local
Indian and sport flshery--by dlp net--exists iﬂ the Nooksack
River each November. Clémens and ¥ilby (1961) mention that 1t
has a filne flavor and has ready sale though tﬁe.quantity is
limited due to difficulty.in locéting the fish,

From the preceding dlscusslon the followlng summary may be

~made, Splrinchus thalelchthys {Ayres) 1s an anadromous specles

occurrlng from the Gulf of Alaské to San Franclsco Ray. Througﬁ-
out thls range a clline in some of thelr meristic and‘morphdmetric'
characteristics has been recognlzed. The fish spawn in the
Nooksack River, Washington, from Octoﬁer té December and 1n theé
Sacramento Rlver, California, in February. Young smelt, 61 to

72 mm, standard length fakén near the mouth of the Fraser River,

were found to be feeding on Neomysis awatchensis. The smallest




gpecimen reported from saliwater was 41 mm, long and was col-
1lected in August 1n the waters adjacent to San Juan Island, A

few locallzed fisherles represent the only utilizatlon of this

species by man.

several limnological studles of Lake Washlington have heen
nade since the first one in 1911, which was limlted to physicalf
chemlical observations and nctes on tﬁe phytoplankton (Kemmerer,
povard, and Boorman, 1923). Scheffer and Robinson (1939) made .
the first tﬁorough chepiqai and blologiczl survey of the lake.
gechultz and Delacy (1955—1936) recorded‘the species of fish pre-
vicusly taken in Lake Washington, Scattergood {1949) gave data
on the length and fecundity of kokanee {freshwater residént

sockeye salmen, Oncorhynchus nerka} from North Bear Creek In the

LakéVWashington dralnage for the year 1938, In 1949 and 1950 the
planktonic copepods were studied by comita (1953), and simultane-
ously, the seasonal variations in the phytoplankton were examined
by Anderson (1954). ‘AJwani (1956) reviewed thé literature per-
talning to lake Waghinéton wlth specilal empﬁasis‘on the f[lshes.
Eﬂméndson, inderson, aﬁd feterson'(l956) documented the first
.changes in blota associafed with eutrophlication of the lake.
These changes 1n the zooplankton and phytoplaﬁktdn were observed
for the first time 1n 19551 & report on Metropolitan Seattle
Sewerége and Dralnage prepared by Brown and Caldwell {1958} con-

tains considerable data on the nutrient inflow and outflow for
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Lake washington, The Munlclpallty of Metropoiitan Seattle
(Metro) was established by a vote of the people 1n the Seattle
spea September 9, 1958, Metro was charged wlth the responsi-
pllity of develbping a waste dispbsal program to end thé pollu-
tion of adjacent salt- and freshwater bodles includlng Lake
washingtoh. The present Metro construction schedule calls for
the diverslon of all treated sewage from the lake by 1966. Half
of the treated sewage.éntering the lake was to be diverted by
the end of 1965, Anderson.(196l)‘and Rdmondson (1961; 1963) re-
viewed fhe recent changes 1n Lake Washlngton ﬁp through'1958 as

'eutrophication continued, sShaplro (1960} suggested that a large

populatibn of nonmigratory Dilaptomus ashlandi was the major
factor produclng a metalimnetic oxygen minimum In ILake Washing-
ton.

Although the limnoiogy of the lake has been studled under
the changing trophle conditiqns, the flsh populatibns have re-
celved very 1little attentlon, No work has been'published cone
cerniné the ecology, growth; dlstributlon, or feeding of any

resident fish population in Take Washington,




METHODS

Sampling Program

The sampling program'for Lake Washington was dlvided inte
standard samplling trips and 1lrregular trips. The standard
© gampling trips were conducted each.month‘from July, 1963,
ghrough July, 1964, The depariure date fgr each of these 48-hour
sampling perlods was restricted to wlthin seven days of the new
moon. The average devlation from the night of the new moon was
2,3 days. Thg rationale for thié festriction'was to equalize,
_insofar as was posslble, the nighttime light conditioﬁs through-
out the year. This also maximized the effect of alternating day-
11ght and darkness. Irregular samplihg trips were conducted
brior to the initlation of the standard sampling.ﬁrips and were
exploratory 1n nature. Léter, they were conducted to provide
déta for speclflc purpbses. Sampling was conducted with an
Isaacs~Kidd midwater trawl, Table 1 glves peftinent aata fof
‘all the midwater trawl samﬁling trips éonducted on Lake Washihg-
ton duriné this study. .

Lake Washington arbitrarily was diﬁided into féur areas
ﬁumbered from north to south {Figure 1), 1In this study no at-
. tempt was made to sample shallow marginal areas of the lake, The
avallabllity of the flsh Iin the deep central area of‘the lake and

the physical danger,tb the sampling gear near the preclpltous
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'perimeter encouraged the study of the limnetle zone., The

lake
4mnetie zone in the central part of ILake Washington (areas 2 and

1
3) is falrly uniform with a slight depresslon both east and west

of & longitudinal axls near the center of.the lake (Gould and
Eudinéef: 1958}, 'The average depth at these central statlons was
.36 rathoms, The divislon of thils reglon into two areas {2 and 3)
srbltrarily divided by the Evergreen PbintlFlpating Bridge Was
not intended to indlcate any expécted differences between them
but ﬁakes each sampling area more nearly representative ol an
equal portlon of the limnetiq zZone, ‘Areas'l and 4 are represent-
" ative of the shallower ends of the lake, each recelving the flow
from one river and several smaller streéms. The depth of the
sampling statlons in areas 1 and 4 averaged 20 and 18 fathomé,
regpectively. In each of the four areas a single étanﬁard sta-
tion waé csampled as an Index of the distribution of Smelt in
“that area. From the results of echo sounder surveys and sampling
in other parts of each area, 1t was felt that the gelegted sta-
tlons were adequately repres.éntative°
Sampling at each statlon was conducted 1in daylight and in_
darknéss but not né;essarily in that order., The sampling A
éequence was cpmpleted before moving to the next station. Each
‘trlp lasted 48 hours with shout 12 hours at each station., With
one exception the sequence of statiéns was fixed at i, 2, 4, 3,

The trawl was flshed at dlscrete depth intervals determined
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pefore the start of the standard sampling program. Each tow
lasted ten minutes at the desired fishing depth. During normal
operating condlticns, four tows could be completed in one hour,
rhis included setting and retrieving the net and substitution of
the collecting bucket, . |

The sampling depths were éstablished after prelimlnary
analysls of the data avai;ablé in Jgne; 1963. At all stations
samples were taken from depths de3, 7, 11, and 15 fathoms. In
tﬁe two' central stations, which were deeber, additional depths
of 19, 23, and 26 fathoms were sampled, Generally only single
tows wefe made at each depth., Replicate tows and tows at inter-
medlate depths were made as time permlitted. On certazin trlps
ﬁore empﬁasis was placed on making repllcate hauls. The actual
fishing depth was determined by attaching a bathythermograph to
the upper tow bar of the tfawl. Conflrmation was made by checi-

ing the bathythermograph depths with the records of a bathy-

~kymograph (time vs. depth recorder) which also was attached to

the trawl, The boat speed during zll tows was maintained at

6 knots (700 R.P.M.}. The depth of the trawl was controlled by

* the amount. of cable paid out.

Fleld Collections

With one exception all standard sampling trilps were con-

ducted aboard the College of Fisheries research vessel, COMMANDO,
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he COMMANDO is a 67-foot, 69-ton vessel equlpped with two echo
.unﬁers, radar, and dual trawl winches, The R, V..HOH, operated
; the bepartment of Oceahography, was used as aﬁ alternate ves-
21 for one standard sampling trip. Prlor to this trlp 1t was
ompared to the COMMANDO, during side by side towlnpg experiments;
and comparable speeds established, '

The primary sampling gear for this study was a modified
,six_fbot Isaacs-Kidd midwater trawl, The net and depressor are
“i1lustrated in Figure 2. Cotton netting of 1}%" mesh was used
“throughout the 203! body of the net. 4 4" mésh valt iiner was
sed in the last 1018" of the body. Behind fhis was a 20" stain-
ess steel ring and a.1/8” mesh nylon Leobblnetiing cod end 5'8"
ong.. A bayonet ring mounting was attached to the cod end and
Was connected.with & plankton cup with two "0 gauzge" wirs mesi

indows,

geveral otter trawls were used durlpg; the study in order %o
atch‘additional specimens and to detefmine if longfin smelt were
n or near the lake bottom. The trawls usad weré 0ld nets which
bre considered to be‘expendablé. They were balloon-type shrimp
trawls of‘lé” mesh and were about 50! wide. The same trawl was
ot used on meore than cone trip, Otter trawls were ﬁséd con-
istently in area 4 after March, 1964. Additional informatlon

'ould have been obtalned if 1t had been possible to use them at

ach statlon and time of year.
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p brilef statement %o Justlfy the use of the Tsaacs-Kidd
midwater trawl should be made. The earliest captures of longfin
gmelt were made using this type of gear. Subsequenf'sampling
showed this net would capture specimens falrly consistently at

'certain depths and times. At the same time, bqth floating and
;inking glll nets ﬁere tried and were found to be unsuccessful.
-Tne_leaSt effecfive sampling depth for the Isaacs-Kldd midwater
trawl is near the surface, Presumably this is because the t;awl
fishes 1n the wéke of the vessel, Trlals using a surface tow net
vequiring two boats in Lake Washlngton on a spring nlght produced
only a single larval smelt from rive tows of standard length at_
a depth of from the surface to 3 fathoﬁs. It was declded %o use
the Isaacs-Kidd midwater trawl as the prilmary gear but to 11hitthe
shallowest tow to 3 fathoms. The Iszacs-Kidd midwater trawl has
advantages of speed in handling, relilable depfh and behavior
during fishing, and high trawling speed. It 1s relatively
_effective as a fish catcher, and has the.advantagé of catching
reasonable quantiﬁies of smelt_from 1" post lar?ae through adults
in addition to zooplankton includihg mysids, amphipods, chirono-l
mlds, copepods, and cladocera._ In summary; the isaacs—Kidd mic-
kater trawl is fhe most effective sampling gear taking reasonable
mumbers of specimens of all size rangés of sﬁelt and assoclated
food and predator ofganisms; It can fish at all depths, is

relieble, and requires véry 1little deck tlme for each sample,
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All samples were immedlately preserved in the fleld with
surficilent formalin to make a 10% solution (4% formaldehyde gas
1 water). Each sample was pregerved In a 32-ounce gléss Jar
gith a lavel indicating the trip number, location, date, haul
pumber, and number of fathoms of cable out,

- - The relatlonship between cable 6ut'and the actual depth of
the trawl was determined uslng a bathythermograph (BT). The in-
strument was strapped onto the upper tow bar of the net and.held
in place by a safety line attaclied to the met. This instrumént
provided'data on depth and temperature slmultaneously. Fron
'this; the maxinmum depth of the trawl could be obtalned. A béthy—
xymograph {BKG) was used to determine if the net maintained a
conétant depih whlle fishing. This assumption was cgnfirmed.

The bathythermograph was most frequently used on the deeper tows

and provided information on the temperature at varlous shallower

depths. Occaslonal checks at shallower depths were also made and

compared with simultaneous records from the bathykymograph. The

actual depth relationship for all ﬁhe standard £6WS was deter-
mlned from a linear regression analysis of the net depth from tﬁe
bathythermograph slides for tows at 700 R,P.M. on the R, V.
dOMMANDO. The depth was adJusted to the center‘of the trawl.

" Least squares regression analysils of 97 mldwater trawl

hauls showed the depth of the trawl in fathoms to be related to

the number of fathoms of cable pald ocut by the followlng
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equation H

Z = 0,2513X

g = depth to the center of the trawl and X = amount of cable out,
The slope coefflcient was not siznificantly different from 0.25,

The coefficient of variation, rerresenting the standard deviation

as a percentage of the mean, for the regression line 1In this

analysis was 4.1%. When the cable out-trawl depth regresslon was

divided into three equal parts corresponding to cable lengths of

g to WO fathoms, 41 to BOlfathomS, and 81 to 120 fathoms, the

ﬁ. coefficient‘of varlation showed no trend with Increasing depth
(3;1%, 4,4, and 3.5% respectively). From this iﬁ may be con-
cluded that_fhe devliations from the average depth for any given
lenzth of cable tend to increase as the depth increases but that
fhe increase ls proportional to the increase in depth,. The ;lope

was not significantly different from 0,25 for any of the three

pegression lihes. The overall regression eguation glven above
o is the best fit for'all depths sampied; however, the simpler

glope value of .25, or 4 fathoms of cable for each fathom of

- depth, 1s adeguate for all practical purposes, It may also be

concluded that the standard devlatlon for the depth determina-

tlons averages about 4% of the estlmated depth,

" Two echo sounders were used during the study. A Simrad

l(Model 510-5) echo sounder wag used aboard the CCMMANDO. This

sounder operates on a pulse freguency of 38.5 k.¢, Recordings
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ade for each toew on a wet type sounder paper and these

were M
_pecords were labeled and .stored. A Ross (Model 100/25) echo
%oundEf was purchased and installed on the Mercer Island Float-

inz Bridge in August, 1923, After completion of the Evergreen
polnt Floatlng Bridge, the set was transferred to that pra=ferred
1ocatidﬂ in April, 1964. Thils recorder was equlpped with a

"on" flve mlnutes,

reéycliné timer and operated on a.cycle of
roff" ten minutes, etc, The recorder operated for l- %o 3-day
perio&s at dbimonthly intervals for the duratilon of the study.
This sounder operates on a frequency of i15 ¥.C.

Data for ox¥ygen, carbon dioxlde, and secch; dilsk readinis
were cbtalned froﬁ Lr, %W, T. Edmendson for the Madlson Fark
(area 2) staticn. The data for this station were obtalned
witihln one weel of the time of mldwater trawl sampling tﬁere.'

r11 trawl collectlons were brought into tha laboratory and

wepe examined between July and hecember, 1954,

Laboratory Procedures

‘Two'sets of data records were made, one set summarlzed the
_cabel of,each trawl naul énd assoclated data; The otner se%
_summérized the data collected for exzch individual smelt. Ixon-
ples of the data recording sicets dnd tables containing the

nuaerical codes used are appended. These tables also indiéatc
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the cfiteria uged for each observation. Also appended ig a com-
plete 1isting of the data.
A total Df‘972 midwater trawl hauls were made during this

gtudy, Of these, 934 were classified as beilng of 10 minute

..guration and successful, Tows which hit the bottom of the lake

or durlng whlch some mechanlcal fallure cccurred were not con-
gidered to be successful.
A total of 1,324 smelt were examined from Lake Washington

duriné this study. Not every smelt was examined completely., For

. pach year c¢lass, 1f adequate samples were avallable, a minimum of

106 Juveniles and 100 adults were examlned, All midwater trawl

‘samples taken before January, 1963, or after February, 1964, wers

completely examlned. When more than adequate samples were

avallable (1.e., July, 1963, through February, 19564) they were
completely analyzed on an alternatling month basis. In the months

for which complete data were not taken, length, welght, age,

“number of vertebrae, and incidence of deformitles were recorded,

Gtter trawl catches 1in 18G4 provided additional adult specimens,

Complete bf nearly complete data were obtalned for 615 swmelt
specimené.

From the record sheets, IBM cards were punched and verifled,
The analysls of the data on cards was accomplished on the IBM
7050 and 7094 combuters at the Northwest Computer Center on

campus, Extensive use was made of programs avallable at the




computer Center or at the Unlveraity of Washington Fisheries

gesearch Instltute. The programs used to scan the data were

4ritten at the U,C.L,A, Department of Preventive Medicine and

are avallable in the BMD serles (Dlxon, 1904), The followlng

gD programs were utlllzed durlng the analysis of the data 1in

tnis study: 01D, 02D, OSD, O7D, O1R, O2R, OlV, and 05V, 1In

addition, a welghted regression program prepared for the

F
i

sisherles Research Institute; and a program for fltting the

Chapman-Richards Generallzed growth Model wrltten by Dr. K. 3.

murnbull, University of Washington Collepge of Forestry, were

used, PFor 21l tests of significance the 5% significance level

was used unless otherwise indlcated,




RESULTS

Lake Washlngton Populatlon

Frestwater Resldence g

A population of longfin smelt appears to be resident in Lake

waspington throughout thelr life cycle, Seven year ¢lasses of

this population have been sampled. Specimens of virtually every
monthly age including larvae and spent adults have been obtalned

. in the 1ake.r During the study there was no indication of an in-
flux of anadromous adult émelt. Mr. Richard Pressey, at the time

.with the Washington State Department of Fisherles, reports having
éeen adult longfin smelt in the Lake Washington ship canal locks
in Novenmber, 1954, There is no way of‘knowing 1f these were
strays from the reéident Lake Washlngton populatlen, anadromous
adults from one of the other streams 1n.Puget Soﬁnd, or part of
an anadromous stock spéwning in tributarles to Lake Waéhington.

—--In splte of extenaive collections in ?uget Sound south of Everett

there have been only & speéimens of the longfin smelt taken.
Three of these were taken in the Duwamilsh River, and the others
In widely scattered locatlons, Conﬁentrations of these smelt
have been taken from tﬁe estuaries and bays near streams outside
this area which have ahadromous populations, This ldek of col-
;ections from the surroundlng saltwater and the presence of the

amelt 1n the léke throughout thelr life suggest that the
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population studied 1s resident and that there are probably few if

any anadromous smelt enterlng Lake Washington,
Ape and Growth

‘Determination of the age of the longfin smelt Was simplified

pecause no overlap in length frequency between year classes

gecurred. Larval smelt were taken 1in the gedar River in early

april, 1963, Post larvas have been taken as early as late April

and in May in the midwater trawl in Lake Wasnington., 3Imelt of

two_yéar classes have been taken in virtually every sampling trip

made dﬁring May through February. Spawnlhg appears to occur 1In

January and February. March approximates the time of hatching

znd was selected as the date for age zero, The youngest specl-

mens captured in the lake were taken in April and were considered

to be one month old,

To determine 1f sexual differences In wel; ht occurred,

lérge samples obtained from otter trawl collections were com-

pared by sex for each age avallable. Analysis of varlance

showed no éignificant sex effect for smelt of 13 or 14 menths of

age (Fp, 4y = 0.G787 and ¥),55 = 0.0064) and a slgnificant

difference between sexes for smelt 15 and 15 months old(?l’lqe =

- 6,6034 and F1,41 4,8866), - The males were heavier at both ages.

This could affect the estimate of averapse prowth rate for a year

c¢lass 1f the samples were not representative of the true sex
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ratlo of the population or if the sexes were not considered

geparately. Samples from the otter trawl and from the midwater

trawl both have approximately a 1:1 sex ratio. Sex could be dis-

¢ingulshed after about the elghth-month stage. Comparisons be-
tween the sexes of average welght at a given age, uslng the
-".small samples from the mldwater traﬁl,show ho consistént tfend.
1f larger samples were avallable, the separatlon of the sexes
would have been deslrable; however, the difference between the

‘gexes 1s small compared to the indlvidual variation and the com-

pination of the sexes is the best solutioen.
] : The effect of gear selectlvity was investlgated by a compar-

1son of the average welghts at comparable ages for samples tzaken

by the otter trawl and the midwater trawl. Comparlscns were made
for smelt 13, 14, 15, and 16 months old. ‘Analysis of varilance
indicated thaé :or only one month was a slgnificant difference
present (Fy,5p = 41069, Py iy ® 0.0834, Fy 145 = 0.1542,

. Fi,56 = 1.3607). This difference was barély significant at the
5% level and not slgnificant at the 1% level, Censldering alsc

the small number of observations for the midﬁater trawl col-
lections in this compafison (15 specimens) the real significance

of this difference zppears questionable., ©On the other hand, the

slgnificant difference is for the youngest age group compared and
indicates a higher mean welght for smelt caught 1in the otter
trawl. Thls may be considered to show a selectivity of the otter

trawl for the larger fish near the lower limilt of its effecitive
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r1snh-catching range. -Thg more significant fact for this stgdy,
15 that the midwater trawl was at least as effective as the otter
trawl in colleéting representative welght samples for the ages
.compared., The mldwater trawl does capture l;rge gquantities of

e¢rustaceans such as the copepods, Diaptomus and Eplschura, and

the mysld, Neomysis, in addition to Qish larvae smaller.than
those of thé smelt, At the other extrene, capturea of salmoqids
larger than adult smelt are not rare and even 3 adult salmon
have been caught. The concliusion 5ﬁggested'by the above dapa
-and observations 1Is that ﬁhe midwater trawl is not selectlve fop
size within the range attalned by the lon.fin smelt, It was
assumed that the mldwater trawl samples were pepresehﬁatiﬁe ol
the length and welight of the smelt population for the analyses
wileh follow, l
A comparlson of the welght at comparable aées for sgmples
* from the 1902 and 1963 year classes was médet Initial comparl-
_——anoﬁs-weré made at ages for which the sample for each year class
contalned at least 15 observations. For all ajes compared by
“analysls of varlance {4, 9, 10, and 1o months) the 19c3 Sear

class was significantly heavier (F = 9,544, Fy 57.% 25,0412,
’ .

1,87
Fl,120 = 12,4279, Fl;55 2 17.5394). Figures 3 and 4 show the
descriptive statistles for each sample cdntaining 3 or more ob-

servatlons of welghts from the 1502 and 14903 year classes. Thesc

data suggésted the basic similarity of the welrhts and welpgit
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jnerements for the two year classes, Further, the data suggest the
exlstence of two exponential growth perlods separated by a short
1ntervélﬁ Thls pattern is reasonable because the 1lnterruption of
the exponential growth occurs durlng the winter months, To test
this hypothesis and compare the two years'! growth patterns, the
two year classes were each divided into ﬁhree groups { € 9 months
0ld, &9 <14 months old, and » 14 months old) on fhe basls of
the m&nth of capture, Analysls of covarlance was used to test
the signlflcance of differenpés between the slopes of the llnes
for each of these periods, The winter growth period ( P9 < 14
months old) was tested 1in each case to see 1f the growth was
significént {i.e., slope » "0"), The weight data were trans-
formed to loéarithms for thls analysls, The hypothesils of a
common slope for year classes was rejected for thé first growiﬁg
period put was accepted for the wintér‘anq second growing perled.

The slope was found to be significant for all periods including

the winter. The common slopes indicate a baslc simllarity 1n
growth rate bétween the two yéar classeé beyond the first 9
months, A comparlson of the welghts at an agé of‘7 months for
the 1963 and 1964 year classes showed the 1964 year class to be
- slgnificantly heavier at the same age than the 1963_year ¢lass
(Fy gp = 14.8958). Figure 5 Indlcates the average growth 1in

-welght of the 1962, 1963 and 1964 year classes and 1s plotted on




Welght (grams}

g 10 11 12 13 14 15 16 17 18 19 20 21 22
Nov Jan Mar May Jul sep Nov Jan
© Age (months)’

Average welght of smelt by age for the 1962 (), 1363 (o],

and 1964 {x) year classes, The average welghts for monthly
samples containlng 8 or more observations were plotted on &
logarithmlc scale, Curves for the 1962 and 19563 year

‘classes were fitted by eye.




a 1ogrithmic'$cale.

The length—weight relationship was determined from the
samples avallable regardless of year class; This relationship
reflecfs the commeon exponential increase of'weight w#ith increas-
ing length, The relationship wés based upon the length and
weight of 469 specimens greafer than TO_mm. lonz and without
vértebral deformities other than & replicated splne, The leést
séuares fit of the transformed data gave a linear regression

equatlon of:

Log. welght = -5.6260 4+ 3.3732 log. length.

The slope was signlificantly greater than 3,00, the expected slope
which would result from an isometrle increase of welght gith
length, The standard deviation about the regreséion line wWas
1.1272 gm. '

Growth 1n length shows a perlod of slow growtﬁ durling the
winter, Figureﬁ &, 7, and 8.shcw the observed srowth in leﬁgth
for—the—1962 and 1953 year classes, The differences 1n growth
between the two year classeé are obvious 1n either the weight-ér
the length growth data,

Scale formaticn was found to occur generally 1n July at a
lenzth of about 25 mm. At this time the scales were dises withe
out ény ¢irculi, They first appear 1n a mid-lateral posteriof
position approximately even with the adipose fin, C(ollectlons of

scales were made as elose to this poslitlion as*possible and near
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Figure 8, Average length of smelt by amge for the 1962 (¢}, 1963 (o),

S and 1964 (%) year classes, The average lengths for monthly
samples contalnlng § or more observations were plotted on
a logarithmle gcale., Curves for the 1992 and 1963 year

classes were fitted by eye.
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the lateral line, Tée first summer's growth is quite apparent
with about 14 clreull formed l;sy November, Annulus formation 1s
not consistent from £1sh to fish and frequently no annulug 1s
present., The seconq;summer‘s growth 1is also qulte well repre-

7

;i f
sented on the secales, The adult smelt had about 30 cilrcull by

%
k.
i

November of thelr second yeér of 1life,.

Rt ok G

Reproducticon

The fecundlty of the longfin smelt was determined by a wet

weisht methoed, The ovaries were removed from preserved ripe fish

wnich had been captured in January. An effort was made to selezt

10 females which showed no indlcation of previous spawning. Tor

the total fecundlty estimate{ the right and left ovarles were

combined, even though they contained very different numbers of

egss. The ésymmetrical nature of" smelt ovarles and thelr

anatomy has been described by Kendall, 1927. Rignt ovarles from

_%WO“fiﬁh were examlned and the eggs lndividually counted; they

were Tound to contaln an average of approximately 1,550 egigs

{1,455 and 1,655). The fecundlty determinations were made by
separating the ripe eggs from the trace of ovartan tlssue, The

loose episs were then separated from the formalln solution by

filtration wilth an aépirétor. Asplratlon continued for five

minutes after the supernate {luld had been flltered of'{. Then

the eyps were divided into two groups, the smalier contalnling
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Table 2. Fecundity of two-year-old longfin
smelt from Lake Washington

Standard lengthn Total

{mn.) Fecundity
| ' 89* - 27,336

108
108
113

113

118
119 15,772

120 14,818

121 18,313

e 23,624

126 2,205

3 cimmme. . ®3pecimen with a very nigh number of verte-
Q bral fusions resulting in reduced body length.
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specimen of a maturing one-year-old was also obtalned,
sﬁecimen was 99 mm, long and had a fecundify of 9,332.

These fecundity estimates may be compared to those reported
py It0, 1959,‘for the Japanese speciés, 5. lanceolatus, Fecun-
dlty estlmates have not previously been reported for elther North
.American specles of Spirinchus, In samples from Akkeshi, where
Ito found the fastest growing smelt of hls seven study areas,

1%% of his specimens of adult females were one year old. Thelr
average standard iength was 96.8 mm. and their fecundity 5,480
ezgs. Ip thils area the two-year-olds averaged 132.9 mm. and had
an average fecundity of 12,700, The three-year-olds avefaged
147.1 nm, and had 17,386 eggs on the average. Fecundity esti-
mates in four of Ito's study areas indicatéd thaﬁ two~year-61ds
averaging 122 mm, produced 8,900 eggs. For two areas, two-year-
olds évefaging 119 mm, produced 6!700 eggs. These fecundity
gstimates.are muech lowef than those for S. thalelchthys from Lake

Washington. - No area or age combination of S. lanceolatus had an

T average fecundlty greater than that for S. thaleichthys from Lake

Washington,

Ové dlameter measurements for mature fish from Lakg wash-
ington were made for those individuals with the largest ezgs, and
For'thoSQ whlch were partlally spént. The ova diameters averagzed
1.0 mm, oOther females of the same age which hadAlarger numbers

of smaller diameter eggs had ova dlameters as low as 0,65 mm,




4o

Whether these eggs Were truly mature or not 1s not known. The
onsef of maturation of the ova, as determined by the first
appearance of ydlk in the eggs, appears to begin in Qctoher, A
plot of total welght versug body welght 1s 1llustrated in Flgure
g, PBody welght was considered to be the welght of the carcass
- after the abdomen had been opened and the vilgecera 1n the‘body

cagity removed, The ovaries weigh more than the other visceré
after the start of maturation and.were reéponsible for the

greater difference between total weight and body weight for

mature females than was the case for mature males, At a total

‘weight of about EO-gmi_the oyany occupies enough of the abdomen
to make the sexuzl dimorphlsm in gonad weighﬁ evident. An aver-
age weight-of 20 gms, was reacﬁedlbetween Oétober and November
for the 1962 year class, These data support the visual éetermin-
" ation of the onset of maturatlon,
Spawning for the Lake ‘Jaghlngton population appears toc ex-
—tendfrom mlid-December through mid-February, Only three adults
have been taken after spawning--tﬁo of these were faken on
December 18, 1962, the third was taken on April 156, 1964, A1l
'thfee.were taken at the southern station. Tﬁe former were nearly'
spentlfemales which had retained on1y186 and 3 eggs.  Several
ddzén ovanwere being absorbed in the latter specimen. The spawn-

ing grounds were not precisely located and no dead smelt were

‘found during the'study. All indications sugsest that the smelt
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igure G,
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embryo by the 29th day. 1In the larvae the number and dlstribu-

tlonm of plgment spots on the yolk sac and intestine éppeared to

pe gulte gonslistent, The plpment spots on the caudal sectlon

were considerably more varlable 1n number and form. The larvae
~all died within four days of hateching.
fﬁ Larvae were capturedlih the mouth of the Cedar River on
March 5 and 7, 1963 in a half-meter net, Theée larvae also were
about 7 mm. long and were indistinpulshable from those Incubated
at the College. The capture of ripe adultis and spent_adults in
the southern area, neanr thé.mouth of the Cedar River, in con-
_Juﬁction with the finding of recently-haitched larvae iIn the mouth

of the Cedar River, localizes at least one spawning area.

Hikita (1958) described the embrycnie development of 3.
lanceolatué. The developing éggs of a 145 mm, female were
1,5 rm. In dlameter 6r distinctly.larger than those from Léke
Hashingtoﬁ fish. Apparently the difference.in fgcundity of the
- ‘1 ; mftwowspeo;es may'in larpe part be attribufcd to thé diffarepce in

volume of the ova, The resulting larvae also were larger

(¢,0 ma.), Hls observatlons ended five days after hatching. The
1ncubation time from hls experiment 1s not comparable with ocur
~conditions., Hlkita could not control his experimental tempera-

ture with precision, Consequently, fluctuatlens as great as from

0°C. to 15°C, in a S-hour period occurred. Fluctuations of temp-

erature 1n hls experiment were so great that determlnation of a
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mean temparéture or day degree flegure would likely be miéleadinv.
comparliscn of the Lake Washington larvae with those of 3.
tanceolatus at the tlme of hatching, shows a baslc simllarlty.
Both have two melanophores.on the gut antericr tec the gut con-
striction at the future site of the air bladder. Bath have one
melancphore approximately even with thils cbnstricﬁion, and béth
have a falrly long row of melancphores from thls polnt to the

anus. In S. lanceolatus there appear to be about 13 in this,

.posterior series whille in the Lake Washinzton stock of 5,

thalelchthys there are sbout S to 10, The last of this series

in each specles appears to be a complex clrcuranal melanophore,

The series of melanopheres in the caudal reglon were diffiéult
to count 1ln the Lake Yashinston smelt larvoe bul seemed fo he
éomposed of fewer melanophoraes than these ror 5, lanceolatus, A
maximumfof seven distinct melanophores were observed but ‘re-
quently the number of caudal melanophores was nol dlscernlble duc
ggrthgir:cxpandéd condition, In other respects the larvae appear
very similaf.

Dr. Robert Morris has [lertilized, iqcubated, hatched‘and
reaved speclmens of 5. starksl durlng his studies on rearing of

marine filsh larvae, He kindly itransmltted to the author con~

- slderable data for this species. Morris found the entire pipment

row along the ventral margln of the gut to contaln between 11 and

27 pigment spots {mean of 17}. These data were based on 88
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. specimens. The caudal series contalned between 3 and 9 spots

{mean of 5).

pxamination of the sex ratio of the specimens obtained
shrouzhout the study from the lake indicates that a 1:1 sex ratio
" yp maintained throughout thelr lacustrine residence {457 males,

459 females, 393 fmmature spaclmens).
Food and Feeding

The feeding of the lonzTin smelt chows a definite seascnal

pattern of intensity and there was also a definite change 1n com-
‘position of the food as the smelt¢ increased iIn size, The exanln-

-1,

ation of the stomach contents of the asmelt lncluded countin: the

nurber of each species o organism present. For comparison of

intensity of feeding an averase weijht for cach food organism was

.getermined. Samples of preservec crganisms known Lo be utilized

as food were obtained from ti:z midwaler trawl samples. They were

counted, ¢ried, and weiched. In some cases, two separate samples
were used to determlne the accuracy of the method, The samples

were all taken from September samples and coinclde with the

period of maximum feeding intensity. The average welghts of tne

food organisms cbtained are glven in the followling table. These

welgnt factors were multiplied by the number of such organlsms

per stomach and summed to obtailn an estlmate of the total dry
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weight of the stomach contents, Tables 4 and 5 present a summary
of the data obtained by weight and frequency of occurrence for
each foed item.

Table 3. Average dry weights for specles of
zooplankton eaten by smelu¥*

Sample Average
item Taime welght
‘ e,

Neomysls awatchensis 100 2,900

Chironomids (FPolypedilum

fallax) 3 1,100

Epischura nevadcnsis - - 100 39
Diaptomus ashlahdi 75 3
Cyclops blcuspidatum estimate 1

Diaphanosoma leuchtenber-
glanun

200 ; 75

Pontopereia afifinls T 1,200

Ieptodora kindtil

*3amples were obtained from trawl catches in
September. ‘ )

The stomach centents of the smelt were exXamined according to

the time of collection in an effort %to determine the dilel feeding
pattern. The welght of food eaten and percent of'empty stcomachs
were lnversely related, A maximum average welght of food

(8524 Az.) and lowest parcent of empty stomachs (10%) were
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observed In flsh collected between 6:00 p.m. and midnight. The
1owest average WEightVOf food (3514 _Ag.) and highest percent of
empty stomachs (22¢) occurred in fish taken between mldnlght and

5:00 a.m, During the day the smelt were found to have increasing

_:weights of food ecaten and decreasing percentages of empty sto-
machs. The_fluctuation In percent of empty stomachs 1s not
great encugh to determine the period required for digestion of
.food items. It does suggest nearly continuous feeding with only

a slight diel variation., PFurther f‘efine:nent of this analysis was

not attempted due to & basic weakness 1in the data for this type
of study. The fixed sampling pattern could affect the results
optained in a detailed analysis of food by timé. The shalleow
stations were always sampled between midni;ﬁt and noon. These
two sampling periods also coinéide with the tweo lewest periods
of fecding inteﬁsity. It 15 pessible that these lows cf feeding
intenslty reflect a difference in fhe availability of food iﬁ':he
-shél&owef"parts‘of the lake. This effect could not bé isolated
or balanced with the  available data,

The data were examined to determine the relative magnitude
of tﬁe fluctuatioh of feeding intensity by season of the year.

For this analysis an intensity figure was obtained by dividing

‘the average weight of food per fish { 4.} by 1,000 times the

average body weight (gms.). Thls index reflects the welght of

food eaten in proportion to the body welght., This index 1s given
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by ace and season in Table &, . It 1is clear that the feeding in-
tensity 1s highest during the summer for smelt of both ages. The
spring and fall feeding was also intense for both age groups but
1ess than that of the summer perlod, and the winter feeding in-
tenslty was lowest,
. Dlgestion ratés for the'varioué fopd 1tems was not detef—

mined, hence the relative importance of myslds and copepods.or

cladocera could not be deternmlined wilithout further assunptlons,

The combined pattern of frequency of oceurrence and of welght zre
3 useful and 1ndlcative of the food organisms and thelr approximate

importance. Diaptomus, Dlaphanosomi, Necnysls, and Eplschura

were found in 20% or more of the stomachs examlned from smelt

“one year old-or less. Neomypis and Dlaphanogsoma, however, wers

the only specles contributing more than 10% of the welght of focd

eaten for this age proup. Ior the two—year-o1ds, Neomysls and

Dlaptomus were found in 207 or more of the stomachs examined.

Neomysis was responsible for mere than g% of the welght of food

eaten,

Distribution

Vertical and Horlzontal Dilstrilbution of Smelt

The distribution of smelt was first analyzcd by plotting

cateh per unit_&f effort with the mldwater trawl for each depth,

time of day, statlon, and scason for adult and for Juvenlle
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very little detall 1s lost, however, by consldering only

smelt.

‘the standard trips and hauls, Both distributlion ana relative
gbundance may be ¢considered from these ;tandard hauls. Figures
11 through 16 present these basle data.

In 1564, post larval smelt were firét captured in May. Fronm
the standard hauls four specimens were ohtained--l from area i, 1
from area 3; and 2 from area‘M; in June, 5 specimens were taken
in arez 1, 1 in area 2, 3 in area 3, and-ll in area 4, This diéw
tribution 1s suggestive of spawning in at .least two reglons. The
ccdér River or 1ts vicinity has been suggestéd previously aé a
major spaﬁning area, The coccurrence of a major spawning area

‘located near the southern end of the lake 15 supported by the
Vdi:tribufion of the posy larvae. Furthermere, the early occur-
rence and relatively high nuunber of peoet larvae iIn the north end
suzmest at least one spowning area In that reslon, There are

several streams enterin; the north end which could be sultable

for-spaiming, The two central regions of the lalke are notebly

ren of spawnlng streams. This distribution of post larval

(_.
£
Hi

saelt ;n areas of the lake adjécent to the mouths of tributary

-streams is supgestive of stream spawning or ot loast some pref;

e?ﬁncc or necessity for spawnin:; near incomln;‘streams. By

July the distributlon of post larval smelt 1s no longer 1ocaii:o¢
The horizoﬁtal and vertical distribution‘ofljuvenile smelt’

cquring: the summer and {4l wonths 1o quite uniform, December

!
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appeared to be & transitlion period between the fall and winter

75% of the Juvenilé smelt were obtained in tows made between 6
and 12 fathoms. During the day 92% of the smelt were taken in
thesé strata, while at night the percentage dropped to 69%. These
pefcentages were obtalned from sampling durlng thch only 36% of

hauls were made In the strata containing the smelt. Considering

in the 6-12 fathom stratum was 81%, There does not appear to be
any marked diel change‘in distribution for smelt of thls age,

Durlng the winter rmonths, January through March, the sub-
adult smelt were énly partially ayailable to the gear. From'the’
standard hauls all sub-adult smelt talken during the day were
captured at depths greater than 14 fathoms. During the nightréll
sub-adults ﬁaken.weré caught ét depths of less than l6rfathoms.
ihe few smelt.oaptured suggest the establishment of é diel migra-
tion. . |

In thelr second spring the smelt were still only partially
available to the sampling gear. The daytime catches wgré small
in number, and the fish were only taken in the deeper ﬁéter.
Nighttime catches were only abundant at the southern statlon and
sugrest a dlel migration, Otter Erawls that were used at this
time 1n the south end revealed an abundance of speciniens on or

ad jacent to the bottom during the day. Thls supgests where the

gistributions, Durlng the 6-month periocd, July through December,

only the first five months of this 6-month period, the percentage
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smelt are during the winter and spring and also further supports
+he hypothesis of a dlel vertical migration toward the surface at
night. _

The disﬁribution of the smelt was similar during their sec-
ondé surmer &nd fall, The smelt were wldely distributed through-
‘out the lake, They exhibited a marked dlel vertiéal‘migration |
toward the surface at night. Compared to the younger émelt ol
which Bi% were found between -5 and 12 fathoms in July through
November, 60% of the aduits at that time of ycar were fouﬁd in
the same strata at night.r‘In the daytime, oﬁly 31% were talen
bétween 6 and 12 fathoms, while 91% were taken between 10 and 20
fathoﬁs. .

In their second winter the adult smelt spawn and disappear,
Winter.catches of-aduits werc not nﬁmerous but generally re-
flected the same diel migration pattern as did the sub-adults at
that time of year.

—Jummarizing the distributilon data, the young smelt first
appea:eé at the north and‘south ends of the lake in May. By July
they.were widely dlstributed threoughout the lake, From Jgiy
.threugh Noﬁemﬁeruthey were generally found to be most abundant
" between & and 12 fathéms durlng both day and nignt. In December
they changed to their Januafy through June distribution pattern,
Then they were taken only at comparably great depths (15 fathomsl

. oor greater} during the day. Otter trawls indicated a relatively




1gh density on or very near the bottom during the day at this
geas0ll. Nighttime catches were sparse bub suggested a beginnling
‘of @ diel vertical migration téward the surface at night, In |
their second summer and fall, a well-defined ciel migrétion Was
-~established. During the day they were most abundant between 10
and 20 fathoms; at night they.were found to be noest abundant_beu
tyeen & and 12 rathoms, They spavn during their second wintér
and during this tlme catbheb in the lake were not large. The
winter cateches suggest a deeper diatrlquLOH during the day than
at night., Figure 17 summarizes these data for the standard hauls.
Figure 18 i11lustrates the distribution of smelt cétches at'the
four standard stations.

The relatlve atundance of the smelt may alsc be exemined
using the data from the bpasic sampling progranm. lé.totai of 57
cbepdard tows had been pianned for this analysis. O0Only 509 wers
completed as reqﬁired. Thelthree missing obéervatiéns occurred

Tﬂﬁw&mber-as;a result of squipment fallures on the vessel used,
.ﬁonsidoration of the data will proceed assuming no smelt ﬂere
_captured in those hauls, This is probably-in‘error, as one would

expect from the average catch during the tri§ (31 smelt <+ L1
tows), but the error is not felt to be importaﬁt. The tows
missed ﬁere ;n area 4 at a dapth of 15 fathoms during both day

. and night and in area 2 at a depth of 23 fathoms durlng the day

fTable 6 glves the total catch regardless ol area by day and nizht
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Table ©. Catch of smelt by age, time of day, and month for
standard depths and trilps
Juvenlle Adult
Month Juvenlle Adult
Day Night Day Night
July 8 S 7 15 ,
Mg, | 7 12 5 Gk o4
Sept, 10 | 16 8 7
- Oct. 13 14 g g
Fali  yov, i 7 g 11 53 48
1525 pec, 7 3 4 o
. Jan. 2 1 5 2
AANTer  gep, 2 6 2 1 11 10
198%  ar, o 0 0 0
Apr. 0 0 0 5
May 0 4 2 11 23 30
June 3 16 O o}
July
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for juveniié and adult smelt for each mcnth. The fact that there
is no slgnifilecant difference between day and night catches for
the adults of the 1962 year class or the young through sub-adults

of the 1963 year class Indicates that they were representatively ;

sampled regardless of théir dlel depth distribution, It 15 of
importance to note also that three year classes are 1lnvolved in
the catches., TRFigure 19 illustrates -these standard catches by ape
for each year class regardless of diel time of capture, Ffom
Pizure 19 1t may be noted that the 1963 year class was relatively
iess abundant than elther thel1962 ﬁr the 1564 year classes. Un-
fertunately, there is only one month of direct cverlap during the :
Vstudy but the datz obtained in the preceding and following.months ﬁ
in cach case support the above statemsnt. Seasonél availability
to the gear 1s indicated by the low catches of January, February,
larch, and April, Itlis not Justifiablé to esgtinmate survival
rates from thE'abundahce at duccessive ages if the initial
_.chundance varies from_year class éo year class. Turthermore, the

assunpcion of constant .aveilabllity fto. the gear beyond the period

of recruitment is not tenable for at least a four-month period
comméncing in winter. The period of recruitment unfoptuﬁately ' ‘ ?
was not sampled cbmpletely for any one year c¢lass. The tlme when
the young fish may be considered fully available cannot be deter-
mined fro% the data collectéd. A consideration of the catches of

the 1953 year class alone would suggest that recruitment is
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compléte by September or Cctober. Very little confidence can be
plgced on a survival estimate made under these conditlons, How-
gver, the survival between the September tﬁrough December periéd
of their flrst year and the May-July pericd of thelr second year
can be estimated for the 1963 year class. Assumlng the fish to
be of equal availabiiity dufiﬁg theze times and the catchilng
power of the gear to be comparable, the suprvival would have

averaged about .625,

Relationships with Other Organisms

Three specles of fish were respensible for about 95% of

the midwater trawl flsh catches, In numerlcal order these would

be ranked Cottus sp., Oncorhynchus nerka, and Spirlnchus
thalelchthys. A llst of the ish specles taken durlng midwater
trawling and a rough estimate of thelr relapive abundance in the

sampling area are gilven in Table 7,

Thc:3cu1pin {(Cottus Eg,) 1s an undescribed specles whilch is
adaﬁted for a pelagle existence in the lake. Throughoﬁt the year
thls specles shows a_diel vertical migration toward fhe sufface
‘at night (3-15 fathoms) and toward the boftom dﬁring the day .
{usually greater than 18 fathoms)._ Only 28% of the specimens

" taken were beyond the iarval stage, but tnese Juvenlles and

. adults st111 were slightly more frequant than smelt in the

catehes. The specles matures at 2 length of about 5 centimeters;
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Table 7. Specles of fish taken during midwater trawling in
Lake Washlngton

Sclentific name _ com¢on hame ggiig;:ge
cottus sp. 7 Pelaglc sculpln Very comucn
Oncﬁrhynchus nerka . Sockeye salmon Common
gpirinchus thalelchthys ‘ Longfin smelt Common
Cottus asper Prickly sculpin Comaon on ?
‘ lake bottom :
gasterosteus aculeatus Three-splne stickleﬁack VOccasional ;
Mylocheilus caurinus . Peamouth chub : Occaslonal 1
Oncorhynéhus tschawytscha King salmon _ Rare ;
Oncorhyhchﬁﬁ kisutch SilQQT salmon 'Rére }
- 3almo zalrdnerl Rainbow trout | Rare !
Ptychocheilus oregonensis | Northern squawllish Rare
Entosphenﬁs tridentatus Pacific 1amprey. Rare
Perca flavescens i Yellow percﬁ Rare
Pomoﬁis higrpmabulatué Black crapple ‘Rare
Cottus aleutiéus - Aleutlan sculpin ' Hére E
L2pomié machrochirus Bluegill . L Rare i
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-the remales were gravid in January and February. The first lar-
val speciméns were taken in February, Catches of adults rell to
very low levels in the spring, '

The scckeye salmon, ineluding both resldent kokanees and
anadromous sockeye, were found to show no marked diel migratioh
pattern., In the f£zll there was some suggestion of a dlel verti-
ecal migration with the largest nlghttime catches being somewhat
closer to_the surface, but fhe general trend was toward a rela-
tively conslstent diel distribution pattern with a maxlmum of
abundance between 10 and 16 fathoms, Mcre notlceable, however,
was a seascnal shift in the area of maximum sockeye abundaﬁce.

In the winter and spring months the south end provided nearly all

.tbe speclimens, Mostly this ﬁas due tc an abuﬁdance of fry which

were flrst taken 1n February; however, the yearlings captured

.also were predominantly from th;s‘area. In the swmer catchés,
the north end of the lake domiﬁated in socckeye abundance, In the

fall the summer concentrations of the north were partially dis-

sipatéd and areas 1 and‘B were.most productive, Indicatlons of
this cyele repeating 1tself were found in the overiapping July
trips.,

Ancther domlnant orsanism in the mildwater traw; catches was

the nysid, Neemysis awatchensis., This organlism, a major food of

the smelt, was found to make diel vertidal migratiohs.foward the

surface at nlght throughout the year,

|4
i
i
b
b
i
i
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consldering the 934 successful midwater trawl hauls made
quring the entire study, sampie correlation coefficlents were ob-
tained for all comblnatlons pf the catches of the majJor limnetie
s1sh specles and the myslds, The coefficlents are givén in

able 2, It 1s not surprising to find.significant buf low corre-
lation coefficiénts between the.catches as the populatlons do
tend to have diel migrations in the same directicn. The smelt do
not appear to be very clesely related to any other organism. The
total catch of smelt and thelr primary food organisms, the
mysids, do have the highest correlation coeffeclent {0,2844).
other assoclatlons revealed by this analysls are between Cottus
p. and mysids, within the smelt populatlon, between Juvenile
smelt and Cottus sp., and between sockeye sdalmon and adult smelt.
There wWas ho indicﬁtion of any fish populations 1in the
limnetlc area whilch woﬁld be consldered predators on the smelt,
The soclkeye salmon were.oniy occaslionally examined for stomach
ontents but were conslstently found to be feeding primarily on

the copepod, Diaptomus ashlandi. From the avallable data, 1t

appears that predaticn on the smelt after they reach the lake 1s
low, The present data Indlcate the snelt to be a primary predﬁ—
tor on a rather 1arge‘population ol Neomysls, Interspecific
competition may océur during the perilod wﬁen the smelt and tﬁe
kokanee are feeding heavily on the c0pepéd and possibly the

cladocera populatlions, This'pfedation perlod tends to occur




- f
Table &, Cerrelation coefflclents for simultaneous catches of E
the dominant nektonic specles E
Specles | Mysids Jﬁvenile Adultl Total Sockeye ) 1
Smelt Smelt Smelt salmen . F
qotal smelt 0.28Lix :
Juvenile smelt 0,27h7* ;}
Adult smelt 0,1497% | ©,2366%
Sockeye salmon -0,0303 0,0800 _o.1é20* 0.1193%
gottus sp. (Jjuv- | 0.2523% | 0.1386%| 0.0362 | 0.1280%| 0.0275

znile to adult)

cottus larvae ~-0,1313% | 90,0296 | 0.0840 .2.0523 | 0,00587
Total Cottus 0.0290 0.1123%1 0,1002% | 0,1345#%) 0.0195

*¥Correlation ceoefflcients are significant above approximately
].0551 at the 1% level wilth 932 degrees of {reedom,
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guring the spring-summer period of high abundance of the zoo-
'plankton- For the smelt it does not appear that food 1s
14mited at any time of year; apparently, inter- or intraspecific

competition for food is not severe, This 1s also indicated by

sne rapid growth rate and survival of the smelt.

relatlonships with the Physical Envircoment

There are sevefal environmental factors whleh can iﬁfluence
fish distribution. Three of the more frequently studied are
temperature, light, and oxygen., Duriné this study‘only temnpera~
ture was taken directly during.the sampllng program, Secchl disk
reédings, oxygen; and carbon dioxide datz were obtalned from
Dr. %. T. Edmondson for area 3, These environmental pafameters
are sunmarized for selected depths in Table 9, Flgures 20 and

21 plot the avallable oxygen and carben dloxlde data on a grid of

depth versus time for area 3. The temperature data are similarly

plotied in Figures 11 through 16.

Adult and Juvenlile smelt wvere most'abundant in the metﬁ—
limnion at night during the summer and fa;l. They were only
occasicnally taken 1n the epllimnion during the summer when the
temperature was above 65°F, During the day the juvenile smelt
.remaihed in the metalimnlon while the adults were most abundant
in the hypolimnlon, From tﬁesé observations it may be concluded

that temperature gradlents per se are not signlficant barrlers to
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summary of physical environmental factors-for area 3

- Depth Temp, Oxygzen Cos . Secchl Disk
Month ftm. - °F, mg/1, mg;/ 1. meters
5 66 7.76 0
July 16 Lo 8.76 3.4 0.9
. .1953 27 43 7.7 4.8
) 6L 4,16 0.8
Aug. 16 50 7.27 5.1 1.0
27 48 5.5 6.5
5 GT 4,16 3.0
sept. 16 50 T7.27 6.2 1.3
. 27 49 5.5 8.8
5 5 8.10 0
oct. 6 50 6.88 6.6 1.3
.27 43 5.3 8.4
5 53, 8.7 2.8
Nov 16 53 3.20 3.0 2.6
- 27 50 5,0 3.0
5 49 8.36 L1
Dec 16 hg . 8.38 b4 3.5
27 Lg 8.2 4.6
5 L3 g.22 3.7
e 16 43 9,22 3.7 3.6
1964 27 48 9.2 3.7
5 e 10,42 2.5 -
veh, 16 45 10,32 2.6 3.3
27 45 10,4 2.5
5 I5 11.29 2.0
Mar, .16 45 11.19 2.0 3.6
27 45 11.2 2.1 :
5 4o 12,16 1.4
Apr. 16 48 11.17 1.8 3.1
27 L6 10.8 ‘2.3
5, 47 11.47 1.0
HMay 6 Ly 11.23 1.6 3.1
27 i5 30.3 2.7 L
5 57 11,46 6]
June 16 ur 9.85 3,0 1.5
27 45 9,1 3.2
5 62 9,08 )
July 16 47 3.97 3.8 1.0
27 46 5.3 5.8
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Z?the smelt but that the smelt may avoidrtemﬁeratures above 65°F.
. There is a marked relationship between the temperature and
the dissolved oxygen at 27 fathoms., At higher temperatures the
oxygEN boncentration‘drops to low levels, In part thils 1s due to
Lthé increased rate of decompqsition of organic material at the
higher'temperature, and, in part, it 1s due po the mass of mate-
rial with a blologlcal oxypgen demand which settles'to the bottom
Vduring the spring,’summer, and fall, Also, there 1a a dilrect
_negétive relationship between the oxygen concentration and the
garbon dioxide concentration, These three factors are, therefore
all strongly reléted to one another, It 1s possible that the
‘high carbon dioxide or low bxygen concentrations near the bottom
in the summer and fall 1s respenslble for the aveidance by the
smelt of thé bottoﬁ at that time. It is only possible to con-
clude that a relationship does exlst between these environmental

factors and the distributicon of the smelt; The causal factor

‘cannot be determined at thls time,

Secchl disk readiﬁgs are an Index of the transmisslon of
light through watér, At hiéher.secchi disk readings'more iight
wlll penetrate to a glven deptn than at low secchl disk readlngs.
In Lake Washingtoﬂ the seasonzl decrease in secchl disk readings
‘is qaused by an increase in the particulate hattér which scatters
the light and decfeases.the dbpth of penetration of a given

initlal quantity of llght. The concentration of adult smelt near




78

¢ bottom durlng the day 1s closely related to the time of

Hphest secchl dlsk readings. When the sécchi disk reédings drop
pruptly in the spring, the daytime adult smelt distributlion alsc
:pears to.change. The smelt are found at a relatlvely shallower

P
epth durlng the day 1n the summer, Also in the fall,.when‘the

ecchl dlsk readings 1ncrease, the adult smelt conbentrations

urlng the day tend fo go deeber, Again, no causal relatlonship

an be clalmed, but the relatlonship 1s present, It 1s the

uthor's personal opinioﬁ,based cn this and additlonal observa-

tions in Harrison Lake, that light penetration may be more

4irectly related to the depth distribution of the adult smelt

‘than were the observed concentrations of oxygen or carbon dloxide,

Distribution of Flshes and Echo Scunder Marks kf

Conglderable data cn the catch df the midwater trawl and

imultanecus echo sounder recordings have been obtalned during

this study.  Preliminary study was devoted to determining the

est'corrections to use on the echo sounder data, The baslc

imrad data were counts of marks on the echo sounder records at

ne depth flshed by the trawl. It was necessary to correct these

bunts for two factors, The expanslon of the echo sounder beam

1th increasing depth may be corrected by multlplylng the basic

ount by (2 4 depth 1n fathoms). This corrects all counts to a

sic depth of two fathoms. The other'neCGssary correction 1s




1T

ror the attenuatlon of the sound 1mpulse with increaslng depth.
This neceééitated a correction factor of é_(depth in fathoms)2€~
227 to adJust the counts to those at the 2-fathom reference leﬁel.
The complete correction factor 1s (depﬁh in fathoms -= 2}, Tﬁis
factor rnultiplied by'the Slmrad counts for é haul gave a slightiy
higher sample correlafion céefficient when related té the sum of
the catch of smeit and sockeﬁe salmon than did the orlglnal .
counts. The adJjustment was considered more accurate than the
orlginal data on theoretlcal grounds, and the observed relatlon-
ship with the comblned smelt and sockeye catch supports this : 4
hypothesls. A comparison of the correlatibn coefficlents for the
baslc Simrad countsg, the adjusied counts, and logarithmic trans-
formatlons of these data wlth the catches of smelt and‘sockeye
revealed the highést correlaéion between the catch.and the ad=-
Justed counﬁs wlthout any additlonal transformatilon.

Table 10 lists the dominant specles and the correlation

——coelfficlents of the quantity caught to both the orlginal Simrad
counts and thé adJJusted counts, It should be ncfed that neilther
ﬁysi&s nof peiagic sculplns are signifisantly correlated with the
adjusted Simrad counts at the 997 significaﬁce level, The other
dominant specieé are signifiéantly correlafed wlth these counts.
The low coerficient for the cateh of all fishes and for all
fishes less the post larvaé results from the incluslon of large

mimbers of sculpln larvae and the pelagic sculpin in the counts.




abie 10, Correlatlon ol dominant specles in 295 midwater tray
nauls and simultaneouc Simrad marks Zrom objects av

.

the depth of the haul

specics original Simrad Counts | Adjusted Simrad Councs

yoies 0.051z2 8,0008
pelagle sculpin 0,1137 0.0792

Juvenlle cmelt 0.2571 5,263

.Adulu smelu 9.2755
notal omelt . J.:492 _ J, 3422 ;
cockeye salaon O.TETE :
All fiphes O, 5134 D473 ;

All fistes except COOLTLOT oL ThbT
postlarva

Tolal sockeye and O.7 (i : 2,790
smelt
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glearly, the larger alr bladder type flsh are responsiblé for the
pulk of the correlation between the catch and the Sinrad marks.
“rhe correlation of 0,.7949 between total smelt and scckeye salmon
cateh and Simrad marks 1s based on 695 collectlons made at dif-
rerent seasons, tilmes of day, and depths, ILinear regressien
~analysis of thls relatlonship prdvided the followlng equatlon:

Catch = -0,50111 + 0,02145 (2} (N}

_ smelt + sockeye _
7 = the depth of the tow in fathons, ahd N = the number of fish
marks at the depth of the trawl dn 15 cm, of the Slmrad record.
The signiflcance of thls relationshlp suggested further analysis
toward delimlting the effects of contamlnatlon and, especlally
for the sockeye salmon, cof avoldance of the net durlng the day.
Observatlons of the depth of the haul In relatlon to the
maximum concentration of marks on the Sdmrad records had been
made, To detect contamination the hagls were divided into tnrec
cateszories, The hauls above the maln concentration of fish marks,
tne hauls made 1n or near the main concentration of [ish marks,
dnd those below the maln concentratlon of [ish marks were sepa-
rated and the correlations between the total number of smelt and
sockeyg In the haul and the Simrad counts determined.for each
(Table 211). The‘foliowing analysls was based upen the édjusted
3imrad data. There is nc signlficant difference in the correla-
tion‘ccefficients for the upper two zones bulbt a significantly

lower correlatlion 1s derlved from the zone below the maln concen-

ﬁration of flsh. A decrease in the number of marks per flsh was




Table 11.

&0

Simrad analysis of smelt and sockeye salmon catch for

possipvle contamination

) Orizinal Simrad Counts [AdJusted Simrad Count
Deptﬁ Nug?er Correlation :marks + |Correlation (/marks) x
: r1s} o~ : J (deptn) =
Hauls Coefficicpt f1sh caught Coefficientu(__g__) -
) : “filsh caught
Net'above
maln con- 234 0,56520 0.0 0.7271 - 26,7
‘gentration
of fisn
MNet in ) )
main con-~ | 204 0,7930 g 0.7931 23,3
_eentratlion _— '
of Tish

Net below
mailn con-
centration

A P
of L1Git

123

0.4195

20.0
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2150 noticeable, This ls quilte suggestive of contamination re-
.sulting in.a mere varlable correlation (lowe; correlation
coefficient) and a redqction in the number of Simrad marks
necéssary for a given fish catch. <Correlatlons were also deter-
_pined for the hauls consldering the actual depth of the tow, The
‘correlation between the'totél smelt plﬁs sockeye catch and Simrad
'r'ﬂarks was 0.L4423 at 0 to 9 fathoms, .8382 at 10 td 18 rathoms,
and Li4U41 at greater than 18 fathons, The absence of a consis-
tent treﬁd with depth and the higher correlatlion ceeffilcient for
thg'deepesf hauls than.was obtained from the previous analysis
.for the tows below the maln concentration of fish suggests that
the change 1n the correlation with depth wds not caused by é
failure of the echo soundér to record the smelt andfsockeye.at
greater depthé. The varlabllity in the correlation betwéen.catch
.and marks by depth ma& be related to the species and distribution
of the'fish. The data suggest‘that contamination 1s most severe
when towing.below the depéh of tne mexlmum concentration of fish.,
The importance of the echo sounder in 1océting these regilons of
contamination shouia be ‘evident,. In the future 1t may be possi-
ble to use such 1nformation to "ad just" catch data for the con-
céntration of fisﬁ above the towlng depth,

The smelt were found to be nearly equally available glther
day or nlght, The catches of sockeye salmen, however, sﬁowed

rather large and conslstent differences between day and night;
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The daytime catches were consistently low, The Simrad records

should not have been subject to avoldance reactlons by the salmon,
ror thls reason, a conpnrison of catches or salmnn and the copr-
relation betneen salmon catch_and Simrad records was made for day
_and night éollection perlcds, Table 12 summarlzes the results of
this analysis andlincludes slmilar data for the smelt and for the
tatal catch of smelt plus sockeye, From this analysis it should
be noted that the mean cateh of smelt shows relatively little
variatlon between day and nlght whlle the cateh or salmon varien
considerably. Relafively more marks are required'duriné the day
for each snlmon canght than at night. These factors forcé the
propertion of marks tn the number of smelt caugnt to vary between

day and night also, The everage number of marks on the echo

sounder records decreased by 4% during the day. The average

cgtch of sockeye salmon decreased by 62%, and the averagze smelt
catch decreased by 23%, 1In addition, the correlation between
Bockeye salmnn ¢atech and the.number of marks on the echo sounder
records was significantly lower during the day. It appears f{rom
this analysis that socme of the sockeye are capable of avoiaing
the trawl durlng the day, althongh no such phenomenon appears to
be the case for the smelt, Tt is also significant that the
average number of adJjusted Simrad marks decreased by 449 between

the nighttime and the daytime nauls. This indicates a real

change 1in the distribution of the rish,




rable 12.. Analysis

63

of dlel availabillity of cocieye, smelt, and’

total sockeye plus smelt

P
Number Adjusted Simrad Counts
gcles and Tlme or Hean Correlationfo . . qy(denthy .
°F o Hauls Caten | Coefflclent|" A .
i : #flsh caught
reye selnm s .
Sockeigqy; on 357 1.05 5.5922 51
\ =3
SDCk?%:4;?§mon w55 2_39 6. 8200 "
¥ e %
smelt {day) 337 3,07 0.3807 78
smelt (night) 3535 5,37 9. 3200 116
Sockej?‘f?? snmelt 1,77 a. sook -
aday
Soc}ce%i Lo ) mert 3mo 9.0331 25
nig .
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It is suggested fhat two factors are responsible for the
lower daﬁtime catches of sockeye salmon, First of all, nearly
half appear to have left the area; they are not recorded on tﬁe
sounder, Second, a significant proportion of those present are
more capable of avolding the net during the daytime than at
niszht.

" The correlation between the cateh of smelt plus sockeye
salmon and. the aajusted Simrad counts can he increased signifi;
cantly to 0;8381‘by consideration of nighttime hauls only, This
eliminates the difference in catchabilityrof the salmon by time
of day. A further increase in the correlation can be made by con-
sidering oniy those hauls made in or above the ﬁajor concentration
of fish and thereby reducing contamination. A correiation'coef—
ficient of 0;8415 for 289 observations 1s obtained with these two
restrictions, The variability_of the catches and bf the techniéue
of counting the'Simrad marks ‘and other varlables impose some
. limits on the corre;ation.

A Rosé echo sounder was installea on the Evergreen Point
Flo;ting Brldge and operated durdng a part of this study. This
sounder operated with a recyeling timer sé that it recorded for
five minutes and was off for ten minutes. The records from this
sounder revealed some information on the timing énd duration of

the diel vertical migrations of the flshes, The recdrds also

indlcated an increase in the number of fish present in the central
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part of the lake at night, This sounder and location should hold
promise for further studles of distributlion and seasonal ébun-
dance of fish specles, especlally the sockeye salmon.

In summary, the Simrad echo soundér records made in conjunc-
tion with the midwater trawl hauls provided considerable support-
ing information. A samplé correlation coeffilcient of 0.7G49 waé
obtalned between the cateh of smelt plus sockeye salmon and the
adjusted counts of marks on tﬁe Silmrad records, This correlation
coUldlﬁe increased to 0,8415 by controlling the effect of two
demonstrated varlables, contamination and daylight net avoidance,
it was revealed that at the sensitivity settings used during this
study the m&sids, fish larvae, and small pelagzgic sculpinslwere

not detected by the echo sounder. A Ross echo sounder provided

‘records from a flxed locatlon 1n the center of Lake Washington,

It showed promlse for future studles of seasonal and diel changes

in distributlion and azbundance of detectable fish specles.
Deformities”

The Lake Washington smelt populatioh was found to have a
very high incldence of deformities‘by any standérd of compgrison.
The deformities consldered were all structural in nature and do
not appear to be pathologicai syndromes.

‘Two types of vertebral deformlties were found to be common

with several other less frequent types of deformities also
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cecurring, Thg occurrence of vertebral deformlties in fish 1s
not rare énd has been reported from émelplon at least two cecca-
slons (Templeman, 1948; Delacy and Batts, 1963); however, de-
formlties of the more severe types found abundantly 1n Lake
washington have never been reported 1n such high frequency for
any other natural populatibn of smelt or related fishes,

The ﬁype i vertebral deformipy may be described as a symme-
trical fusién of vertebrae. No 1ntervertebfal disk is evldent
" and the jolnt is'not functlonal, As many as 13 vertebrae ﬁere
fused Info one unit. There were as many as i6 separate fuslons.
oceurrling in a single fish, In one vertebral colﬁmn, as many
as 31 vertebrae wefe found to be 1nvolved 1n fuslons. These
are admittedly.thé extreme cases; the most frequent occurrence
was a single fusion involving two vertebrae. The dlstributlion of
these fuslons along the vertebral column is not random. Verte-
brae 17, 18, 19, and 20 form one reglon of‘freqﬁent fusions and
. vertebrae 46, 4T form another, These vertebrae, cﬁunted from the
anterlor end, were each involved 1n a minimum of 30 fuslcns, Thé
occurrence and dilstributlon of this type ofrvertébral deformity
are shown 1n Flgures 22 through 25, ° Figufe 26lii1ustrates the
structural naturé of the deformlty. The count of the number éf
vertebrae fof these fl1sh was made from the number‘of neural
spinés. Comparisons of all ﬁeristic charactefs for normal and

type 1 vertebral deformity flsh showed no slgnificant differences;

e A
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There was no difference in frequency of the occurrence of de-
formities.between males and females figure 27 Lllustrates nermal
smelt and severe cases of thls type of deformlty. Because of
thelr stumpy nature in the severe cases, no fish with this type
of deformlty were Included In ithe morphometric analysls or in
tﬁe growth data, Of the 999 smélt examined for vertebral de-
rormities, 21,6% contained type 1 deformities,

A second common deformity (18,7%#) was the occurrence of an
aéditional splne on one of the last two vertebrae (typg 2 verte-
bral deformity). Counts of verfebrae, when this defofm;ty was
present, were based on the number of haemal spines, This de-
formity was éssociated with a silgnificantly hlgher vertebral
count,.lother nerlstle characters were nﬁt silgnificantly différe
ent from those for normal fish.' There was ho significant dif-
ference In frequency of occurrence by sex, It 1s likely that the
counting method for this def&rmity was a source of error, The
‘occurrence of suech an accessory splne has been found In several

other fisﬁ speéies. Other investigators have treated 1t in
various ways. MeHugh {1942) counted each spine as a vertebral
element in hefring vertebraé. The higher-thanunormal vertebrél
counts for these flsh were attfibuted to a propenglty for such a
deformiﬁy in fish with higher—than—avérage number qf vertebrae,
Otpner authors have not counted the‘accessory spine at all and

have obtalned signifilcantly lower-than-normal vertebral counts
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j(DeLaCY and Bafts, 1963}, Some European authors worklng on brown
.trout and herring have compromised and added 0,5 vertebrae for
aach accessory spine rather than 1.0 vertebrae as used by Mcﬁugh
and 16 this study (Schmidt, 1921; Ford, 1933). This adjustment
would glve the Lake Washington smelt with additional splnes
approximately the same-average number of vertebrae as normal
smelt from the lake,

Other vertebral deformities were found but here cf compara-

bly low 1ineldence. These deformltles were of two principle types.

One was an asymmetrlcal vertebral element (13 cases), the other

was a splral suture between the vertebrae (10 cases), MHis-shaved

vertebral centra or accessory splnes were recorded in 21 cases

but were not zlways recorded during the observation of the verte-

brae. No analysis of the relatlonship between these less

frequent deformitles and the meristlc characters was attempted.

The occurrence of these major vertebral deformities by year

class 1s glven 1n Table 13. The overall average f{requency of

smelt with some type of deformity durlng the study was 39%, The

smelt may for all practlcal purposes be consldered as odd and

even year stocks. It wlill be noted that the cceurrence of verte-

bral deformities shows no genetic'trend. There 1s no relation-

ship between lncldence of deformltles in the parental-progeny

- line, The two vertebral deformities also do not show a strong

.Pelationship to one another., From these data 1t would appear




may be lmportant,

Table 13,
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that the environmental influences on the 1ncidence of deformities

Freguency of occurrence of major

vertebral deformlitles by year class

196i 1962 | 1963 | 1964

Type

Type

1 . o7% | 31% |14% | 3%
2 | 23% | 18.s%f19% | i13.5%

Any vertebral 45 L7 33% 164
deformlty

Number of smelt| 62 hos " 14gg | 37
examined ‘

The absence of the dorsal fin was another major deformity
observed, Thirﬁy-eight fish with no dorsal fin were captured.

. Ten more fish had a reduced dorsal fin (1,e., 3 tq 6 fin rays in-
stead of the typlcal 9 or 10 rays). These  fish with.abnormal
dorsal fins had no Qupporting skeletal elements‘for the.miséing
fin or fin rays.. The occurrence of these dorsal fin abﬁormali—
tles was not a direct function of either common vertebral ae—
formity. Examipationlof the meristic characters for figh witn-
out a dersal finland for those with a reduced dorsal fin revealed
an assoclation wilth a significantly lower-than-normal nuﬁber
of anal fig rays. In additioﬁ, a significantly highefuthan—

normal number of pectoral fin rays were revealed, The complete
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10ss of the dorsal fin was also associated with a significantly
higher nurber of vertebras. Table 14 shows the frequency of

occurrence of thege abnormallities by year class.

Table 14. Freguency of occurrence of dorsal
rin abnormalitles by year class

1961 | 1962 li9s3 {1964

No dorsal 4 1% 5% 0%
Reduced dorsal 3% 1% 3% | LTE
Total number of 75 | 470 | 606 | 147

smelt examined

only in the loss of the dorsal fin is there a regularity of
occurreﬁce in parent and offspring. Whether thls is Indicatlve
of genetic influences or a fortuitous combinatlon cannot be re-

solved by the data. There 1s 4 reasonably high probabllity

that this regularity 1n dorsal fln loss is due purely to chance,
sSince fouf different abnormaiities béve been obtalned whén‘in—
cluding thé vertebral aeformities and three of them do not
indlcate a diréct genetlc éffect, fhe significance of the fourth

1s doubtful. Until further.evldence of 2 gehetic origin of the

deformities and abnormalities 1s gathered, the probablllty that
they are environmentally induced wlll be accepted. If a high
incidence of vertebral deformitles contlnues to exist after the

cessation of discharges of treated sewage and industrial wastes




ipte the lake 1t should warrant further attention,

Merlstics and Morphemetrlcs

As noted earlier, the ta;onomic status of this specles
recentiy'has been changed. ~ The change in nomenclature was brought
about by McAllister'é'PQCOghition of a cline in the characters
used to distingulsh S, dilatus from 5. thalelehthys. Consequently,
it was deslirable to defline the amount of variation 1n the
taxonomic characters within a relatively homogencous pepulation.
conslderably mere morphomeiric daté were obtalned than are 1n-
cluded in this dilscussion. Tne complete data were scanned for
the more meaningful information to the taxonomle questions
ralsed., Tables 15 and 16 present a summary of the énalysis of
the meristic data'for age, sex, and year class differences,

The numbers of anal £in rays, gill rakers and pyloric caeca
chaﬁge with age, The numbersof anal rays and glll rakers
apparently become fiied'afﬁer about 6 months; the pylorle caeca
after abﬁut 9 months. No differences were found in the other
characters by age. For considefation of sex and year c¢lass dif-
ferences the age may‘be disregarded since the sex could not be
determined until about 8 or 9 months of age. Aftér thls aze,
very little changé i1n the meristilc charactérs was observed.,

Sexual dimorphlsm 1in meristlc characters was not slgnlficant.
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Table 15, Meristlc characters by three-ronth ape sroups
adult{s and thelr differences from the adult counss
' ) ACL1TS
I-3 mos, | 4-s mos.| 7-9 mos. |10-12 mos. 122 o5
Nz19-30 | Nell-lh2| Nel3-115 | iiF27-G2 - 7'
Heans Meonos iicans Heang =
vertebrac | ----- 59. 54 59,02 59.5 54,5
pecsoral | ----- 12.21 11,20 12,11 31,90
porsal 2.05 .17 .20 9.25 Z.1G

¥NifTerence slonilicant at o7,
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Table 16. Comparison of meristlc characters by sex and year
.clags for 1962 and 1903
Sex Difference
Year class lMale Female giznificant at 54
eans IMeans
1982 59,31 | 59,45 Year class Yes
vertebrae )
1963 59.75 | 59.59 3ex No
Pectoral fin 1962 11,98 | 11.90 Year class Mo
rays .
1963 11,90 11l.92 3ex No
Dorsal fin 1962 S.24 2.13 Vear class No
rays .
1903 G.04 9,1l Sex Mo
Anal fin 1962 20,0 19.78 Year class No
rays .
1863 15.95 [ 19.91 Sex o
Total gill 1962 42 07 | 41,86 Year class lic
rakers B . ‘
1963 Ll kg | 41,388 sex o
Lower 3111 1952 29,84 [ 29,73 Year class No
rakers - "
1963 29.65 |} 29.79 Sex No

Pyleoric caeca

4,53

b, 83

4.53

4.82
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por the two year classes (19562 and 1963) which could be compared
only the numbers of wvertebrae and pylorle caeca showed slgnlifil-
cant differencés.

The samples collepted from éifferent parts of the léke were
also compared to determine 1f any difference 1n counts cccurred

:in the dlfferent areas, No significant differences in the
merlstic characters were found in adult smelt caught in different
aréés of the lake, The young_fish dld show significant differ-
ences in thé number of zill rakers present between tﬁe four col-
lecéing areas, Vejtebrae and pyloric caéqa'could not be properiy
anzalyzed for these young flsh, Table 17 presents the results of
thlis analysls, This differenée reflects the capture of more very
youns fiéh in the scuth end than 1n the other'areas.

The morphometrlc data wére examiﬁed by pletting character
iengﬁh azalnst standard lengih, Some characters were plotted
azalnst head length, The lensth of the adipose fin base, depth,

_ distance from the snout te the origin of the dorsal fin, head
lenztn, upper Jjaw lenzth, crbit wldth, pectoral fin length, pel-
vic rin lenith, the distance between fhe pecteoral and pélvic fin
'insertion, and the length of the seventh from the last anal fin
rzy vere all c&ﬁaidered. The most strikihg resuil from this
analysls concerned one of the key baxonomlc characters previously
usgd to dlstingulsh S. dilatug from é.‘thaleichthys.

The length of the pecteoral fin divided by the distance
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Analysis of meristic dilfferences by area of capture

for smelt less than § months old and for those @

months old or older

Anaiysis of

r

Area Average Variance
1 2 3 4 d.f. 7
¢ 9 months old
pectoral fin 12,14 {12,122 l12.19 f12.12 3,92 0.0475
rays '
Dorsal fin g9.12 9,05 9.23 9.13 3,179 10,9525
rays
anal fln rays 19,061 19,70 19.52 19,43 5,172 0,870
Total 5111 31,08 tze,27 29.37 12n.uh 3,292 | 4.5205 %
rakers
2> § months old
Vertebrae 59.49 159,29 (56,48 159,49 Zsohe jl.sul3
rectoral fin 11.30 11,30 11.92 11.95 3,201 1a10“3l
rays :
-porsal fin 9,13 5.10 G.24 .22 |zZ,200 {0.217h
rays
pnal fin rays 20,07 119,90 19.92 15,30 lz,20i [0,7020
motal 111 Li.77  p4d.rd fhz,0h ph1.00 13,200 | 0,60u0
rakers
Pyloric caeca 4,73 4,56 4.39 $.03 0 13,252 1203577
**3ignificant at 1.
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between the insertlons of the pectoral fin and the ﬁelvié fin was
plotted against standard lenzgth. PFigure 28 shows the résulting
plct., This ratlo is quite dependent on the lengfh of the fléh.
Elots of the components of this ratlo with standard length
(Figures 29 and 32) show different allometric growth relation-
ships. It will be noted that 3, thaleichthys was described and
1s currently represented in its type lozalliy by adult flshes of

about 78 mn. standard length, Spilrinchus dilatus was descrilbed

and is currently represented in its type lozallty by adult fi;hes
| of about 115 mm, standard length; " The cline noted by McAilister
(19631 for this character appears to be a refléction of‘another
well-ltnown cline in temperate marine-fishes--chat of flnal slze
(Gunter,.195o). The results cf the examlnation of the remalin-
ing morphomeﬁric data are presented in Table 13. Three additional
ratios were plotted against standerd length. Upper Jaw length
divided by head length was copstant and had a mean value of .492
for 276 ;pecimenﬁ. Ninéty—five percent of t{he observatlons were
between U000 and .545, Orbit length divided by head length was
conastant with a suggestion of a slight decrease at lengths
greater than about 9% mm., The overall average from 268 specimens
was .220, The 1ntervall0.187 to 0.253 econtained 95% of the ob-
servations., Adipose length divided by head length decreased
between 20 mm., and 40 rm. standard length, The ratic did not

changes beyond a length of 40 mm, The mean:fdr the ratio for 212
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Table 10, General

100

srowtl form of morphometrlc characters

: Growth ferm with
Character inereasing standard Zquation
lencth (5.L,)

Adipose fin length

bistance [rom snout
to dorsal crizin

Head length
Upper jaw length
Orbiv vidtin

Pelvic ['in lengtn

(240 m. 5.5.) linear

(49 mmn, =,0,) linen

(240 w2, 5.L,)

()iK.LEh 5.10) ldinen:

Y= 0,50701 +0.03177L

-3,04029 +0.,22799L

2.07140 + 0 4S5k o,
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Tabie 19, Sexual dimorphnlsm in the length of the seventh from
the last anal fin ray

Slope of the linear re-
Stage gression of fin ray length
on standard length

Tamature (no sex, <75 rm,) 0.3337
©osmall (< 95 mm, ) ‘ 0. TToL
small @ (< 95 m) . 2.9635
Large ¢ (> 95 mm.) 0, 5862 :'

Large @ { > 95 mm.) 2.753 : ,
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standard length and‘was taken on June 27, 1963, A comparison of
the lengths at comparable ages for the East Sound and the Lake
Washington populations indicates that they reach approximately
the éﬁme size at each age. September samples from Easﬁ Sound
haa a dlstlinet mode at aboﬁt 112 mm. Examination of adults from
East Souﬁd revealed a significant difference in length of mature
males and females, Adult females averaged 106 mm, and adﬁlt
males averaged 117 mm, in Januafy, 1963, The spawning area of

. thls populatlon 1s not known; however, a consiaeration of thelr
slze, timerof maturlty, apnd avallablliiy sugge sts that 1t 1s not
‘far from East Sound and Lhat it 1s not the Nooksack Rlver.
Catches made during the sprlng included several adult specimon=
which showed indications of having spawned, memales dominated

among the catches made of smelt after they had spaﬁned.
Port Gardner, Washington

Collections werelmade in this area by Dr. Thomas English,
Department of Oceanography, Unlversity_éf Washingtém, using a 1567
otter trawl. Speclmens as small as 35 mm. were obtalned ip
September, 1962; however, thé meodal length of the young smelt at
thils ﬁime was 42 mm. The adult smelt had a mode at 100 mm.,

These flsh presumably spawn 1n the Snohomish River, Mr. Richard
Pressey then with thé Washington State Department of ﬁisheries,

has provided records of his observation of longfin smelt ip the
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snohomish River near Zowell in December, 1951,
seeramento and San Joaquin Ri#ers, California

Mr.. Clark Blunt,.Jr. of the Californla Department of Flsh
and Game has provided qonsiderablé data on-the distributlon of
the adult longfin smelt 1n fhe Sacramento and'San ﬁoaquin River
delta area, The data were summarized very well by Mr. Blunt in
a letter (February 17, 1964) to the author and his summary 1s
quoted below:

generally from our work in the Delta..., we can make
the followlng points:

(1)

(2)

(3)

-knhown,

- gagramentc smelt began to work thelir way up Into

the Delta during December and January.

During February and March they are distributed
throughecut the Sacramento, Mokelumne and lower
San Joaquin rivers,

None was taken in the San Joaguin River above the
econfluence with the Mokelumne or the scuthern Delta,
This is significant and the reasons for this are un-
Since thls appears to be a spawnlng migra-
tion, it 1s possible that water temperature may have
an effect on their distributicn as the San Joaguin
River and southern Delta are from 2-3°F, warmer than
the Sacramentc Rlver.

Midwater trawling during April—November indlicates

(4)
almost z complete absence of thils species in the
Delta.

(5) The first catches occurred in December 1963 in the
lower Sacramentoc and San Joagquin Rivers,

(6) Thelr occcurrence in tha Sacramento appears tc be a

spawning migration as specimens collected by us in
January and February of this year are in a ripening
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or ripe condiltion, Whethef or not they die after
spawning is not lknown,

Addiltional Information was obtained from Mr. Johb Thomas,
californla Department of Fish and Game, pertaining to the dis-
tribution of the yocung smelt. ﬁe neted observing about 10,000
one-ingﬁ smelt 1n barquiﬁez Stralt in May, 1962, This apbears to
represent an out migraticn of the larval smelt. Length data he
collected on the adult smelt.in January, 1962, are presented in
Téble 20. The mode between 70 and 90 mm. presumably represents
mature two-year-olds, while that at 120 to 130 mm,, represents
three-year-olds, |

The‘Specimenq received from the delta ardg,lincluding some
oné-year—elds, confirm the.age dlstribution Indicated by Rosa’
(194G). The adults are predominantiy.twb-year—olds wilth some
threé—year-olds, mostly females,'dlso beinﬁ present, Meristic and
morpnometric data of some of these smelt were obtalned. Twenty-
eizht adults taken from several locdations in the délta between
Deeember 30, 1863, and Mafgh 23, 1964, were used in this study.
The avgrage standard length was 78 mm., and the range from 71 to
91 mm, Those examlned all éppeared to be two-ygarwold adults,

‘The merlstic data for the 1964 colléction of smelt 1s summarized

in the following table.
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Table 20, lengtn* frequency of Januar, caught
mature long{in smelt in Carquinez Stralt,
Calirornia, in 1G.u2

#oric Lengtn Frequency - Percent

B0 - 59 rm. U 7.1 ]
70 - 79 mm, 43 334 ;
SO - &9 nm. 21 27.7 h

*work lentu Gaca,
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Table 2l. Summary of meristic data for 28
longfin smelt from the delta of the Sacra-
mento and San Joaquin Rlvers*

Character " Mean Range
Dorsal fin rays g,28 9-10
Anal fin rays 19,57 18-21
Vertebrae © 55,39 S5H=57

*Collected from December 30, 1953, through
March 23, 19¢4.

. The differences belween these smelt and the Lake Washingten
pOpulétion in the fin ray counts may'readily be dismissed as they
are relatively smail compared to the variability in the counts.
The différences in the numbér ol' vertebrae beﬁween smelt frém Lake
Washingtén and those from Califonnia are very large., McAllister
(1963) has noted a cline in this character. (Noﬁe: In comparing
data in this paper with that of McAllister's, account must be
taken of the different methods and criteria uséd in countihg.)

Thelonly morphomefric character examined in the California
smelt sample was the ratio‘of the length of the péctoral fin di-
vided by the distance between the insertions of the pectofal and
pelvic fins, The average ratlio was 1.046. A1l but one obsefva-
tion were equél to or greatef than a ratlo of one, Compariscn of
this ratio with that for smelt of the same length from Lake Wash~

1n3ton shows them to have approximately the same ratio (Figure 18),
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Nooksack River, Washlngton

A single dip net collection of adult smelt in the Nooksack
River was made as a partlof this study in November, 1963, ‘Col-
1ections of spéwning smelt froh,this river nave almosf 1nvariab1y
beén made in November, This is the earliest time of spawnlng yet
known for this species of smelt, although other streams 1n thls
area appear fo have pepulatlons maturing in December and Jaﬁuary.
Those 1n Lake Washlngton are the latest spawning local pépulagion
known and aﬁpear to spawn 15 December through February. ‘The sam-
ple from the Nooksack River repfesenfed enly one time in the
spawning period and may not be representative of the agsregate
population. It was ﬁade at a time and eon é Year c¢lass f'cr which
comparisons wlth other stocks could be made. The specimens are
all adults preaominantly two yearz old. A few three-year-ol@ fe-
males were alsc taken. This collection reveals a séxual di-
morphlsm in the length of the adults. The 21 males form a sinzle
-mode at 112 mm. (range ffom 104 to 118 mm.), and the 15 {females
have a major mode at 94‘mm. and a small sécond mode at 116 mm.
(range from 93 to 119 mm,), The second mede appears to be com-
posed of three-year-clds,
| This'collection was further analyéed to determine thne
average number of dorsal and anal fin rays and vertebrae, The

fellowing table presents these data,
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Table 22, Summary of meristic data for
36 longfin smelt from the NOoOKsSack
River, November 2L 1533

Character Meaﬁ Range
Dorsal fin rays 9.86 9-11
Anal fln rays 20,31 19.-22
Vertebrae 59.0 57-61

The_differences betwsen the Nooksack énd the Lake Washiﬁgton
fish are most pronounced in the dorsal fin ray counts and the.
numper of vertebrae. BRoth are significant differences. The
ratio of tﬂe pectoral fin length to éhe distance between the in-
sertions of the pectbral and pelvic fins was also determined,

The average ratio for the morphometrlc characters wés 0.91 with a
range of from 0.83 to 1.00. This is similar to the ratic ob-
tained in Lake Washlngton for fish of a comparable length,

L
Harrlgon Lake, Britlsh Colwmbla

Harrison Lake was selected for investigations because three
gpecimens ofrthe lohgfin smelt, 53-54 mm, Jong, had at some time
been plcked up on its beach, The collector ang date of collection
were not recerded, bub the specimens were entered into the Uni-
versity of British Columbia Eish Museum in 1957, The specimens

were larger than the smallest speclmens whilch had been




116

obtained from saltwater {35 mm.). This fact suggested the possi-
bility‘that the smelt were resideﬁt in the lake._ Originally only
one trip to Harrilson Lake was planhed; Four sgasonal trips were
made as a consequence of the results_from the first trip.

The [lrst trip to ﬁarrison Laké was made on September 21,
1963, A 165-hp. tugboat, the TIPELLA, was chartered and the nmild-
water trawl was attached to the tow line, A rope was attéched
to the 20" ring in.the cod end and tied to the upper tow bar of
the net. The trawl could not be lifted cut of the wafber and
propgrly cleanéd alter cach tow bub the rope séfved to brlng the
cod énd avoard the vessel at the ond of each tow, The towlng
periods varied from 10 to 15 mlnutes and the contaminabion time
was considerably greater than that in Lake Washington. Desplte
these problems, zll trips to Harriscn lLake vere succeésful. Boat
speced was maintained reasonably constant and the cable-to-depth

relationship determined separately for each trip. The September,

1963, trip was made entirely under dayllight condltlons. Flgure 3

prescnts the smelt cateh data fof the September trilp by deptl” of
capture,

It was apparént during the collectlon of these smelt thét
two groups were present in the population. The fact that they
were actually a year apart 1in age was not obvious until the suc-
ceeding trip. The total éatch 1n September was 122 juvenlle

smelt and 7 adults in 13 tows., The tows were not made in any one
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Flgure 31. Depth of tow and numbers of Juvenile and adult
smelt captured in Harrison Lake, September 21, 19563,
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part of fhe lake bubt rather were made on a track which covered
about the lower half of the length of this 35-mile-long lake,
when allowance 1s made for the contamiration from haul to haul
amd dgfing gach tow, 1t emphaslzes fhe difference 1n the daytime
depth distribution of the adults and Juﬁeniles; It is clear that
the Juvenlile smelt were most apunaant at about 12 fathoms and the
adults probably at about 30 fathoms, There was no thermocline
within this depth raﬁge but there Qas a nearly lihear decrease in
-temperatur; wlth depth{ The juveniles were in water of about 58°
7. while the adults were at about 46°F. Although no oxysen or
carpon diaﬁide data are avallable for Harrlson La%e, there 1s
little guestlon that these parameters are not limiting the dis-
tributicn of the adult smelt in oligotrophle Harrison Iake,
Tt is noteworthy that, in addition to the 129 smelt, only
l10 other fish were teken, Ninelspecimens of the ﬁhree—sbine

stickleback and one adult specimen of Lampetra éyfesi made up the

other fish spedies. This 1s the farthest inland record for the

‘lamprey. Mysids; Neoﬁyéis awatchenéis, were present but the
gquantity was extremely small‘comparea‘to fhat faken in Lake Yash-
ington. Approximately 30‘individua1'mysids were obtalined during
thls trip. | |
Smelt were éubsampled, measured, and weighed. The average
length of 32 Juvenlles waé found to be 29 mm,, the averasze welght

was O.14 gm, For the T adults, the averagze length was 50 mm,;
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the average welght was 1,11 gm,

In November, a second trip to Harrlson lake was made., On
this and succeeding trips sampling was confined to the southern
part of the lake generally on a track béfween Lohg Island and
Echo Island. The first four tows were made befoferdusk, the re-

‘ﬁaihing nine after dark., Smelft of both age groﬁps weré taken in.
all but one haul. Figure 32 1liustrates the catch of Juvenlle
and adult smelt by depth and time of day. Little can be concluded
regardlng aifferences in distribution‘between day and night fron
these data; nowever, it deces suggest that the nighttime maximum
of abundance was in the vicinity of 25 fathoms. Both adults and
young fish were wldely distributed in depth. |

The total catch at this time was 224 smelt which included &7
adults. Thirty-seveﬁ sticklebacks and & éockeye salmon comprised
the other fish specles caught. A.subsample of 23 Juvenile smelt
was found to haﬁe an average length of 35.5 mm. gnd‘an average
weight of 0,32 gm, A subsample of adults showed 1 males £o
averagé 54.1 mm. in length and 1.44.gm.‘in welght, Thirteen fe-
males bad aﬁ aberage langth of 51.l Zm., and.an avérage‘weight of
1.18 gm. The differences between the males and females In length
and welght were conslstent &and signiflcant. Two females, 61 and
63 mm., were taken which were consldersd to be three-year-olds.

‘The typlcal sexual dimorphlsm in the apal fip was obvious in

the November sample. In fact, thls was the flrst indication that
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Flgure 32. Depth of tow and pumbers of Juvenlle and adult smelt
captured in Harrison Lake, November 23, 1963.
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the fish were sexually mature. He—examihation of the threé smell

specimens previously found on the lake shore showed them to have

been sexually mature males,

taken Iin November, 1963,

They were the same size as those

Fecundity was determined for mature adult smelt taken in

November by direect count of the eggs.

S1x individuals from H& to

61 mm. were used for this study. The following table presehts

the data obtalned,

Table 23.

Fecundity of adult smelt from

Harrison Lake, November 23, 1053

standi;i %en%t“ Total fecundity
" 535
P 1,033
55 960
58 1,142
61+ 2,425

- #A three-year-old.

A subsample of 42 adult smelt from the Nbvember sample was

used for merlstle and morphometric comparison with the Lake Wash-

ington and other populations of the longfin smelst.

table presents the meristic data obtained,

The follewing
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Table 24, Summary of meristic data fer 42 longfin
smelt from Harrlson Lake, November 23, 1963

Character Mean Range
Dorsal fin rays 9.12 8-10
Anal fin pays 18,43 17-20
Vertebrae 56.05 5458

The anal fin rays and the vertebrae are both éignificantly
different from those in Lake Washlington., The counts do net fit
the cliné reported by McAlllster (1963)., The number of vertebrae
1s remarkably close to the number found 1h the delta of the
Sacramento and San Joaguin Rlvers but 1is significantly higher,

it 1s noteworthy that the three smali speéimens previously taken
in Harrison Lake have vertebrae céunts simlilar to those obtalned

in Nevember, The single large spécimenltaken 1nrHarrison Lake and
designated a paratype of S, dilatus by Schultz and Chapman (1934)
has 57 vertebrae,.

The morphometrlc ratlo of pectoral fiﬁ lehéth divided by'the
distance between the insertionslof the pectoral and pelvic fins
éveraged 0,98 for the November'sample. This also 1s compafable
to the ratio found for Lake Washington smelt of comparable length.

@he third sampling trip to Harrisen Lake occurred.on March
21, 1964, As in lake Washington, tﬁé catch had fallen off

appreclably from the suﬁmer and fall sampling trips. The sampling
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during this trip was conducted only durlng the daylight hours.,
mTwenty-eight smelt Including one thfeeayearaold female were
taken. 1In additilon, 5 sticklebacks and 1 sockeye salmon were
.caught. Fipure 33 gives the depth distributlon of the sﬁelt
daught. |

~ From Figure 33 1t appéars as if the greatest congentration

of sﬁelt during the day was betwéen 20 and 32 fathoms., The dif-
-ference in abundance of these smelt compared to the high abundance
as juveniles in November sugzests either & rather high mortallty
during the winter cr a real éhange in distribution,
The e¢ollecticons of sme;t agaln were subsampled and léngth

and welght data obtained, Nineteen yearling smelt averaged 35,8
mn. and had an average weight of 0.28 gm. The single three-year- :
old, a female, was 53 mm. long and wéighed 1,15 gm,

The fourth sampling trip to Harrison lake was conducted 1n
June, 1964,'to complete a sszasonal gampling pattern and %o obtain
specimens of the larval smelt. Six tows were made before dark
énd 12 after dérk. The depth distributlon of the catech fdr the
larvae and adulbs is pglven in Flgure 34.

It is evident thét during the June sémpling program the smelt
were concentrated relatively near the surface, ét a depth of abcout
5 Tfathoms. The daytlme distribﬁtion is not So clearly deflined and
the déta are not adequate for analysls. The June sampling.pro-

vided 57 smelt including 15 adults, 103 sticklebacks, 3 Cottus
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Flgure 33. Depth of tow and numbers of
stelt bepglnning thelr second
year of 1life captured in
Harrison Lake, March 21, 1964,




124

smelt captured in Harriseon Lake, June 189-20,

1964,
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Flgure 34. Depth of tow and numbers of Jjuvenlile and adult




125

asper larvae, and a second Lampetra ayersl from a total of 18

hauls, The smélt speclmens were welzghed and meas@red. The
average length of 35 Jjuveniles was 19 mm. and thelr average weighf
was 0,02 mm. The 15 adults averaged 42 mm. standard length and
welghed on the évérage of 0.61 gn.

The general growth pattern of the Harrison Lake smelt re-

gardless of year class 1s 1llustrated 1n Figure 35.l If is evl-
dent that this population 1s stunted 1n growth. Indicatlons fhat‘
this is due tc a high populatlion denslty and %he low ﬁroductivity
of the lake aré found in the very high catches of smelt and.very

small amount of zocplankton, elther mysids or copepods, taken in

the trawl, Harrison Lake 1s typlically an oligotrophib lake.

glacial silt reduces the transparency of the water during ﬁeriods

It is of some slgnificance that no vertebral de-

of melting ice,
formities were observed whille reading the x-ray films for the
-adult smelft, One could assume that with high intra-specific com-

petition for food, deformed Cish would he eliminateﬁ.' The small

zlze at maturlty has apparently reduced the Tfecundity; however,

the reduction in 1Individual fecundlty must be made up in numbers

of smelt. The ratio of fecundity to body Weight is slightly

higher for the Harrison Lake npopulation than for the Lake Wash-

ington population,

The seascnal trend in availability 1n Harrlson leke 1s

similar to that for Lake Washinpgton smelt, except that recrultment
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to_the population ‘that 1s sampled appears to be later. The de~
cline in abundahce or availabllity with age is relatiﬁel& greater
in Harrison lLake, Filgure 36 illustrétes the fluctuaticn in catch
per unit of effort in Harrison lLake,

The depth distribution of the sﬁEIt‘in Harrison Lake shows
gome parallels to that 1n Lake Washington; however, marked aifn
ferences also occur, No adequate data were obtained to determine
the diel vertical mlgration pattern, Considerable_additioﬁal_déta
which are not avallable would be required to more closely relate
the vertical diétribution‘of the smelt In the two lakes, Suffice
it to say that regardless of the actual depth of the maxima con-
‘cerned, the relatlonship btefween the most productive depths for
the Jjuvenile and adult smelt at a given time of day and.season
showed the same basic pattern in Hafrispn Lake as in Lake Wash-
ington, The daytime adult distribution.in the sumﬁer sugzested
a reiationship with light.

In sumnary, the Harrison Lake smelt population has provided
consi&erable iﬁsight into the factors involved in the Lake wash~
ington popﬁlation. The existénce‘bf a second resident stock in-

creases the importance and significance of the Lake washington
| study. It supporﬁs the thesis that the Lake Washington populé-
tlon 1s not an értifact caused perhaps by man's alteration of
"the Lake‘Washington drainage system. Tt has indicated that the

_speecles has a remarkable range of adaptabllity to different
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Figure 36. Fluctuation in catch of amelt per unit of
effort in Harrlson Lake.
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levels of productlvity and that 1t can compete.with the other

native limnetic specles, such as the sockeye salmon, under these
varied eonditions, The occurrence of another freshwater resident
populatlon-without a high lncidence of vertebral deformities sug-

gests that this need not be a syndrome of freshwater resldualism,
Taxonemlc Consideratlons

It is concluded that the meristlc differences between the
lacustrine and anadromous stocks examlned are statistileally sign-
ificant but that they do not warrant taxonomlc separatlon, The

differences between the resldent and anadromous stocks are not

conislstent and the lake forms resemble each other less than they
regsemble different anadromous stoeks. The clinal nature of the
proportion of pectoral fin length to the distance between the

pectoral and pelvilc fins has been found to be more closely re-

lated to body length. A cline in body length is present among
the anadromous populations, apparently belng the cause of the
cline 1n the aforementloned ratio.

Meristic differences between populations cnly indlcate that

there 1s net completely random mating among the individqals of

glfferent populatlons, It does not mean that the pophlations
cannot interbreed, Iocal envirenmmental factors and selectioh may

. be quite important 1in the determination of the meristic characters

and yet the'populatiohs may belony Lo the same species and be
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capable of Interbreeding with impunity. It 1s'felt that the gene
pool of the specles is probably nearly compléte 1n each popula-
-tlen. Of Interest 1n this regard is that the Harrison lLake popu-
lation deviates from the cline 1n vertebrae and approaches the
lowest count kmown for the specles as found in Californla samples,
 Unless thils poﬁulatioh‘is spawning in or néar the Harrison Hot

‘sbrings there 13 little environﬁental evidence to suggest physical
or chemical factors as the cause of this deviatlon. The poési—
bilitﬁ of a selection or secondary adaptation for a low number of
vertebrae ﬁnder the very different conditions in Harrison Laks is

. present, If this is the case, itlréinforces the h&pothesis of a
cormon gene pool which would permit the expressioﬁ of' such a_low_
number of vertebrae; '

The -similarities befween the populations should be considefed
in this'éection. All populations studied mature predominantly in
their second year regardless of their size at this time, Flgure
37 1llustfates mature smelt from four of the stud& areas.  sur-
vival after spawning was rare. Those surviving to be three years
0ld were dominated by females, a fact not uncommon in fishes,
Sexual dimofphism in anal fin ray lengthrand cther characters be-

gins to dsvelop only a fewr(up to 6) months before spawning., This

sexual dimorphism 1s absent in Spirinchus starksi. The morpho-
metric ratic previously used to separate two species, S.
thaleichthys and S. dilatus, was found to be nearly constant for

the populaticons studied when the length of the filsh was considered.
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The glaclal history of both Harrlson Lake and Lake Washington
suggests that the smelt may be rellcs of marine origin and cculd
nct have cccupled these lakes as freshwater residents until 8,000

te 13,000 years ago. For these reascns, the author feels the

name, Spirinchus thalelchthys {Ayres) 1s appropriate for the
lqngfin'smelt throughout the geographic range of the specles as

- defined by MeAlllster (1953) and Dryfoos (19G1).

The Role and Future of the &Smelt In the Lake Washinszton Ecosystem

The smelt in Lake Washingteon 13 a limnetic'species, feéding
virtually entirely on zooplankton., In Ilake Yashlngton under thne
conditions existing during tﬁis study, food did not appear to be
1imiting, and the smelt ponulation density was not high, Inter-

specific ccompetition did not appzar to be a significent factor.
Competiticn between the youn; smalt and the sockeye salmon popula~
ticns may develop at hipgher populatlon densities,

The smelt are ndt associatéd Wwith any other species except
pernaps thelir major food 1fem~-the mysids-—although tne diel and
scasonal distribution patterns cof the dominant fish specles do
cecasionally overlap. The =zmelt appear to be a majer predator
upen the‘mysids. During tne course of this séudy, there did not
ﬁppeaﬁ to be a significant predator on the smelt in Lake Washing-
ton or in Harriscon Lake,

"From the data now available for the smelt in Lake Washington
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and the sﬁpporting data from Harrison Lake, 1t appears that the
speclies has the ability to alter 1ts growth rate under conditlons

~of low food supply and still mature at two years of age. In
Harrison L;ke the population 1s large and the 1ndividuals ar
stunted in growth.

At present in Lake Hashiﬁgton, the growth is excellent even
surpaséing that of some local anadromous populations., Indilca-~
tions of comparatively ‘low levels of predation and competition in
the lake haye been cbtalned, The question of why the populaﬁion
1n.Lake Washingten is not greater cannct be conclusively answered
with.the avallable data, Survival in thé lake appears to bhe
better ﬁhan that 1n HarrisonlLake. The data yould Indicate some
source of very high_mortality beftween the time the adult smelt
leaﬁe the lake and the larvae refurn to 1t, In connection wiin
this, the very high incidence orf def&rmitios winlceh shdwed no in-
dication eof being.of Ueneﬁic origin 1s ol intorést. It is praob-
abie that.in a more severe environment these fish would not
survive as they do in Lake Washington. Neverthelesé, théir nigh
incidénce is suggestive of éqme environmental factor probaﬁly
oberating during the time ol incubation ﬁhioh induées these de-

- formities aﬁd probably also 1s responsiple for a very high rate
of' embryonic mortality.l,The idenfification.of the cause.of this
phenoﬁenon was nct possible during this study, Two potential

causes do stand cut above scveral obther possibilities, AD
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inadeguate spawning environment 1s one possibllity; the other,

an actual poilutant. Since the diversion‘of domestic wastes -
frem the lake and incoming streams is neafly complete at thils
time, the future occurrence 6f structural deformities and the
smelt.population density may be subjected toc change. If is
doubtful that the changes in lowered productlvity of the lake
will eliminafe the smelt poﬁulation; if ls more likely that the
population density will Increase and tﬂe grovth prate decrease.
If, however, the poplilation density does not increase due to a
continmuing high mortality, the smelt popﬁlation may Eeach a point

where slowed growth and lowered fecundlty cannot cope with the =

mortality rate, Under these conditlons, the pepulation density

would decline, Most llkely, however, the specles wlll not become

extinct but will reach a ldwer equilibrium polnt, The extinction

of the population, therefore, seems doubtful., Il the foregoing

prognosis 1s correct, a study of the sSmelt vopulation in the
future may provide an interesting commentary on the changes in the

lake.
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SUMMARY

Longfin smelt are resident in Lake Weshington throughout
tiheir 1ife., The smelt virtually Qithout exception matured,
spawned, and disappeared at fhe end of their second year. The
growth of the ;melt in Laké Washington surpasses that of somé
anadromous stocks of the same specles. " Growth of the longfin
smelt may be represented by two periods of exponential growth at
different rates separated by thelr Filrst winter oflvery sloﬁ
growth, Faste; growth in the first nine mﬁnths for the 19463 yeap
class résulted in heavier and lénger fish at sgccessive ages than
iﬁ 1962, The‘differences in rate of gfowtﬁ beﬁween the two yaaor

- classes weré confined to the first nines moﬁths.

Fecundity estimates were made for adults captured in January,
The average‘fécundity for tén specimens between 103 and 126 mﬁ.
standard length'was 18,104,  There was no relatlon between lenglh
and fecundity in the small lengﬁh range examineod,

. Smelt eggs wWere obthined on Japuary 2, 1954 from a ripé fe-
male and fertillzed. The smelt eggs hatched after 40 days at
44.,5° F., and the length of the larvae at hatehlng was ienerally
between 7 and 8 mnm.

larvas, 7 mm. lohg, were captured on March 5 and 7, 1963, iIn
a half-ﬁeter net in Ehe Cedar River. The distribution of mid-
water trawl catches of lafvae less than 2'cm. long in the lake

suggests spawnlng at both ends of the lake, The Cedar River
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~1s probably the major gpawning location.

Eight species of zcoplankion compesed virtually all the food
organlsms eaten. The continuity in welght of stomach contents
-throughout the day and night suggests neérly continuous'feeding,
Seasonally, the summer is the most active feeding perlod, and the

wintef 1s the least active. HNeonysis and‘Diaphanosoma accounted

for most of the ﬁeight of food eaten by the juvenilé smelt but
frequently Diaptomus and Epiéohura were also eaten. TFor the.adult
smelt, Neomysis was the most important food item.

The ycungest smelt weré taken at the ﬁorth and south ends of
the lake 1n May. By July they were wildely distributed throughout
the lake, Both day and night during the summer and fall months
the yéung smeit were most abundant between & and 12 féthoms. In
" the winterrand spring they were usually ;t a depth of 15 fatﬁoms
cr greater dufing the day. At night they were mosf abundant be—‘
tween‘louand 16 fathoms. During their Second summer ana fall the
smelt were moét abundant between o and 12 fathoms at night and
ﬁeﬁween 10 and 20 fathoems durlng the day. In the winter they
agéin were found at gfeater depths'du?ing the day than at night.
The catch of adult smelt decreased dufing tﬁe winter perlod, pre-
sumably as they migrated to thelr spawqing areas.

The data from a set pattern of depths and stations indicated
the 1963 year class to be somewhat less zbundant than eith;r thé

+1962 or the 1964 year class. The difference in abundance however
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was nof lérge.

Analysis of fhe cateh composition for -each tow showed the
smelt and myslds to be significantly correlated. The smelt
catch, when compared with other fish taken in the same haul,
showed correlatlions between juvsnile aﬁd adult smelt, between
Juvenile smélf and Cottus sp., and bétween aduit snelt and‘sockeye
salmon, These corfelation coefficlents were statistically signi-
flcant but were ndt high, and the dlstribution of the smelt
probably was not directly rglated te that of any otﬁer fish.

The distributicn of the smelt deﬁends partially on éertain
physleal characteristics of the environment. The daytlme depth
distribution cf fhe adﬁltlsﬁelt aﬁpears to be related to the depth
of light penetration. -The summer depth distributlion may be
1imited near ﬁhe surface by nlzh water témperatures.
| fecho sounhder records made simultanecusly wilth the mldwater
trawl hauls provided considerable evldence supporting the distri—
butlon data obtalned from the trawl catches. The catch of smelt
..and sockeye galmbn was correlated with the number of marks re-
corded on fhe echo sounder from the depth of the trawl. A corre-
lation coefflelent of 0,795 was obtalned for this relatlonship
whlch was based on data collected durlng 085 tows made at all
depths, times, and secasons of the year. The correlatlion could be
ilnereased to 0.842 by considering only the 282 tows least subject

to avoeldance of the net and contamination from overlying
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concentraticns of fish. The.smelt and sockeye salmon were res-
ponsible for the great maJority of the fish marks on the Simrad.
At the sensitivity settling used tﬁe catches of neither mysids nor
sculpins were significantly felated £o the Simrad marks.
Structural deformlties occurred In the Lake Washington popn-
ulation at a very high frequency. One common vertebral deformity
was.chafacterized by the symmetrlcal fusion of two or more verte-
{;;« .brae; of the'999‘smelt examlned for vertebral deformities, 21,5%
‘expfessed one or more fusions of thié type.. In the more severe
cases, which aiso resultéd in a stumpy body form, as many as 13

vertebrae were fused together In one unit. As many as 10 separate

locations of fusions 1n a single vertebral column were noted.
The most severe case had 31 vertebrae (of a total of 60} 1involved

in fusions,

Another common but less severe defornlty was the replication
of a splne on one of the last two vertebrac before the urostyle,
This deformity was found in 18,7% of the smelt examined,

The complete or partial loss of the dorsal fin was also ob-

served. This abnormazllity was not related to the vertebral de-

formities, but was also structural in nature. No basal elements,
which nofmally support the fin, were presocnt. Fish with thls ab-
normality also had significantly higher-than-normal pectoral fin

ray counts, and lower-than-normal anal fin ray counts, The com-

plete loss of the fin was also asscclafed with a significantiy
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higher-than-normal number_of vertebrae. The frequency of the
-dorsal fin abﬁormalities varied between 0.7% and 7% of the smelf
examlned from the different year classes.

A1l deformities were found to vary In abundance from year
class to year claés. Although there is élmost complete genetic
separation of the odd and even year classes, there was no .per-

ceptible genetic trend in the occcurrence cof these deformities.

The possibllity that they are environmentally induced was accepted

pending further evidence of a genetic origin.

The meristic and morphometric characters of the Lake Wash-
ington smelt populatioﬁ were determined. The additiﬁn of anal fin
rays and gill rakers was completed at six months and the numbers
of pyloric caeca present iIn adults wére established gt nine months,
No merlistic differénces weré found‘ﬁetween the sexes; hoﬁever,
vertebrae andlpyloric caeca varied significantly between the two
year classes studied. The length of the posterior anal fin rays
of the male began to diﬁerge from that of the females at a length
of abeout 95 mm. This usu;lly cecurred in August which 1s five
months before Ehe épawning season, Other morphometric characters
were examihed and genzrally found‘to_bé linéar'functions of the
insrease 1n length, The growth of the pectora; fin was not linear,
and a ratioc of pectoral fin length to the distance between the
pactoral and peivic fin insertions was found to be allcmetric,

This retlo had been used for Saxonomic purposes without cencern
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for the length of the flsh,

Meristic:data obtained from smeit samples from California,
the Nooksack Riﬁer in Washlngton, and Hafrison.Lake in British
Columbia, were compared with the data'for the lLake waﬁhington
stock, Significant differénces 1n these characters were foﬁnd
between smelt from all areas. It was concludéd, however, that
these differeﬁces did not necessitate taxonomic separation. The
seneral iife history pattern of growth, maturation, sexual di-
morphism, time of spawning, and survival after spawning appear to
be relatively constant between the anadromous populations aﬁd.the
‘populatiqn in Lake Washinzton, Although stuﬁted in growth, tﬁe
resident Harrison Lake populatlon matures at the same age as do
Ehe Lakte Washlnglon smelt, This stunting is felt te be due to a

“very high p&pulatioh denslity énd a low food supply.

The Harriéon Lake population‘was studied seasonally and is
the dominant limnetlc specles there. The scasonal aveilabllity
in both Harrison Lake and Lake Washington follows the same general
.trend; however, the seasonél and diel depth distribution patterns
are not directly comparable,

This study has provided data which indicates the conditlon of
the smelt stock at & high level of p?imary productlivity. .Under
the present conditions, the smelt population appears to be llmiﬁed
In number by a high hortali@y'which may cccur becween the time the-

adult smelt migraté to the spawning area and the time the larvas
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are first avallable for ceollectlon 1n the lake. Cnce in the lake,
competition and predation are very low and both growth and sur-
vival appear %o be excéptional. The persistance of structural
ﬁertebral deformities, some of which appear £o be rather severe,
in an average of 39% of the smelt examlned suggests that predation
is not high and that competition is not adequate te "thin" the
stock.‘ These deformities did not appear to be of genetlc origln
but the variability in thelr Cfrequency of occurrence and type sug-
gested an envirqnmental cause. A study of the smeit populatlion in
Lake waﬁhington in the future may provide valuable insight into
some effects of reduced productivity of a lake on 1ts fish popuia—

tions.
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