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Chironomid Remains in Recent Sediments of Lake Washington

Abstract

The vertical distribution of chironomid remains in the sediment of lake \(ashin*on was deter-
mined in each centimeter of a core 35 cm long take! from a depth of 63 m io i975. The rime
covered is nearly 100 years, and thus includes rhe period of eutrophication and recovery. More
than 900 individuals representing 51 taxa were found, most of them of littoral and sublirtoral
origin. Protanlput sp. and, Heterctittaclarliu sp- were mole frequent in older sedimcnts,
whereds Phaenoprecttu sp. was mole {requent in younger sediments. The differences wcre small,
and the results show that the bottom {auna did not respond to eutrophication with maior changes
in species composition.

Introduclion

A sedimentary recold of the euffophicarion of Lake Washington and the lake's recovery
after diversion of sewage has been demonstrated to exist as venical vatiations in the
compositioo of diatom remains (Stockner and Benson, 1967), pigments of bluegreen
algae (Griffiths and Edmoodson, 1975), and chemical properties of the sediments
(Shapiro ez ul., 1971; Edmoodsott, 1974). The preserved larval head capsules of midges
of the family Chirooomidae are very useful indicators of pasr changes in the condirion
of a lake (Deevey, 7942; Ftey, 1954; Hofmann, 1971; I7arwick, 1974). Althougb
knowledge of the present chironomid fauoa of Lake \ifashington is far from complete,
a survey of the chironomid remains io the recelr sediments was judged as .wothwhile

in view of the well documented changes in the lake during the last 60 years.
Lake ITashington experienced two periods of eutrophication, the second with treated

sewage effluent in the period 1941-1,968 (Edmondson, 1972 ). Concentrations of oxygeo
in dre hypolimoion in late summer remained above 3 mg/l most of the time, and an-
aerobic conditioos did nor develop for prolonged periods in a Iarge part of the lake.
Thus large qualitative chaoges in the hypolimnetic fauna based on oxygeo requirements
rvould oot be expected, alrhough species with specialized food requirements might be
expected to change since the character of rhe phytoplankton varied greatly.

Methods

The core ( Laboratory No.61C) was aken on 5 February 1975 with an eutomaric piston
corer, 15 mm in diameter, at 63 m depth in the central parr of Lake \Tashingron, riear
the westeln shore (point MP io Shapiro et dl., 1971). The sediment was cur in slices
1 cm thick and treated according to methxls slightly modified from Hofmann (1971)
After boiliog with 10 percent KOH in a water bath for 10-20 minutes, the sample was
diluted with water and allowed to seftle. The watef was decanted and 10 percenr HCL
added. After a few minutes, rhe sample was sifted through a 0.22 mm ner. The sieved
temains were carefully washed with $'ater and transferred ro a petri dish and sotted
under a binocular ar 25 times maqoification or more. All remains of chirooomid larvae
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were passed thfough absolure fthanol aod Cedar wood oil and mounted as permaqenr
slides in Caoada balsam.

Some faidy complete head capsules were found, but most of the material was
heavily fragmented and the identification had to be made from rhe structure of rhe
mentum only. For this reason, and because of the lack of comparative lecent larval
material from the litolal part of the lake, some of the genera within the Tanytarsini,
Orthocladiinae, and Tanypodinae could not be positively identified.

Results and Discussion
Altogether 950 individuals wele recovered from the uppermost 35 cn of the core. The
material was surprisilgly diverse with 51 different taxa (Table 1). From the large
number of ta-ta found io this limited material, a comparatively large total number of
chironomid species in Lake I(/ashington may be postulated.

The great diversity as well as the specific composirion of the fauna makes it clear
that most of the chironomids found originate from much more shallow areas than rhe
actual sampling site. Of the fifty-one taxa encountered only five, narnely Chirononuq
Prccladiu, Pbdenoprecru, Heterotristocladiut, an'd Protanyput, belong to the fauna of
the deep profundal (Thut, 1969; and \fiederholm, unpub. data). About 20 percent of
the chironomids found in the core belong to these genera. Since most of them occur also
in shallow areas, considerably more thao 80 percent of the material may be expected
to be the result of redeposition of material from littoral, sublittoral, and more shallow
profundal areas. The three domioating genera, Stempellina, TanJttatar, and Cladotany-
tarlurj ^re mostlv littoral in their occurrence. Also, the somewhat less frequent poll-
pedilum, Di,ctotend.ipet, Cladopelma, arLd Pamtanytarsut are most numerous on littoral
and subliftoral boftoms.

A remarkable fact is that no specimens of S/ ctochitonomws, a regular member of the
profundal communities in the eastern part of the lake (Thut, 1969), have been found
in the present rnaterial. This further underlines the littoral characrer of the subfossil
chironomid fauna.

The abundance of chironomids varies greatly with depth (Fig. 1). Except for the
maximum between 12 and 1l cm, which is more than twice the number found at the
second highest level, the total number of head capsules seems to be generally higher in
the lowest part of the core. The numbers in the upper 9 cm and especially rhe uppermosr
5 cm are remarkably low. No head capsules at all were found in the first and third cm
of sediment.

A comparison of the different genera shows that rhe various peaks teflected in the
total number of chironomids ale consisrellr for neady all taxa_ Consistently higher num-
bers were found at !-10, 12-13, and, 18-20 cm depth. Many taxa show peaks also at
29-3O atld 32-34 cm depth. This covariation among a grear number of species proves
that the head capsules are not randomly distributed along the vetical profile Instead
the variations in numbers must reflect specific events in the lake. These eveots may be
of local character or include the whole lake.

In view of the srongly littoral character of the material as a whole, factors affecting
the shallow areas of the lake should be considered first Among these are cu!!en$, waves!
and seiches, which may exert ao eroding effect on the littoral and sublictoral bottoms
resulting in uansport and redeposition of sediments into deeper areas. Ooe of the main
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TAELE 1. Numbers oi chironomiils in the upper 3b cm oi a core taken irom Lake Washincion in
FebruaN.  1 !  ?5 .

Siempelina

Prorlriiius
PolJpedilunr

Clralopolna.

llrnytarsini, unideniiL
Penlaneurini part.
Eeterolrissoclailtus
GlyDlotenitites

Orihocladiinae, unidentif .
Limnollye6
Tanyp0dinae, unidentil.

P rDhaenoclrtlius
Nilodorum

Plrrcnopsecira sp. A
Phaenopsecir:r sD. B
Psaudoclrir onomtrs

llicrolenilipes

cL Chaotocladius
Chironomini. unidentii.

zrYrclir
Parakieilcrielta sp, Il
P l r1 ronotsech n  sp .  D
Palaki€lieriella, sD. A
Orthocladiinae 6D. H
Cryptoehironomus
Pltnoror s€cn n sp. C
ConstenDelll|u!

Dllliiolioriella

llnkrown eenus near P{tracrrcolopus
? Brrophaenoctadius
Cricoiorrus (Isoctaalins)
O hocladiinae sp. l]
CryptolendiFes
? r.louria

Unknown sen. Chifonomini

Chironominae, Chironomini
Chironominae, Tanyirrsini
Unidentified
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events io the receot history of Lake NTashingtoo v/as the lowering of the level io 1916
by 3.3 m. X-tadiographs taken of the preseot core before slicing show that this date is
reflected as a strong lamination exrending tton 24.5 to 27.5 cm in the core.

Figure 1. Vertical distributiotr of chironomids within the sediment core mentioned in Table 1;
numbers pet cm length of core. The levels 5, 6, 11, and 16 cm may not be stridly
quantitative as a result of initial difficulties irl the sortitg.

The effect that might be expected on the numbe! of fossil chironomids ftom the
lowering of the lake is oo. cleai. The increased erosion of the oewly exposed liftorai
areas may increase the deposition of inorganic material on deeper bottoms, but the
animal remaios previously deposited in rhese areas should also be rransported to the
deeper bottoms. The picture is also complicated by the fact that physical changes after
lowering of the lake may have changed production of chironomids during the period
of stabilization of the new littoral bottoms and their colonization.

Edmondson and Allison (1970) found sweral prominent laminations io X-radio-
graphs of coles from the same alea of Lake Ifashington. They assumed that many of
them resulted {rom some eveot o! condition that temporarily increased the local input
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of silt relative ro organic tratter, but rhese events could not be identified. Most of the
banding in the upper part of the cores results from layers dominated by diatoms alter-
nating with layers dominated by silt and iron hydroxide. Presumably this alternaring
reflects seasonal changes in deposition, each clear diatom layer represencing a spring
bloom (Edmondso\ 797 4; ar'd pers. comm.). Some cores have occasional X-ray ab-
sorptive layers that coocaio silt, possibly as a result of unusual evenrs of redeposition of
littoral material. In the present core, the X-radiograph shows layers from 9.5-10.0 cm,
13.5-14.5 cm, and in a thin layer at 18 cm. These correspond to peaks on the total
chitonomid curve withio 1 cm.

Few clear indications of the periods of eutrophication are showo by the chironomid
remains, largely because littoral and sublittoral species comprise the bulk of the ma-
terial. These species are less useful as indicators of the lake's tfophic srare rhan rhose
of the profundal conmunicies. The sedirnentary record is also blurred by the effects of
the sLrpposedly littoral events discussed above.

Some indication of general changes in the lake compared to earlier priods may,
however, be found in the material. Among the specific indicator orgaoisms, the genera
Pratanjptu! ar'd Heterctrirocladizt: are more frequent in the layers deposited more rhan
75 yeats ago, (i.e., below 25 cm deprh) than in rhe more receot material. Members of
these genera are primarily restricted to oligotrophic lakes (cf. Sether, 1975, Table I).
Also, Phaenopsectta sp. is more frequent above 15 cm depth of sediment. Species within
this genus occuf more frequently in more productive lakes than do those of rhe pre-
vious genera. Funher, the percenrage of Cbironomus sp. is greater in the upper half of
the core than in the lower part. Species of Chitonotnut are associated with mesouophic-
eutrophic conditions when occupying a dominaot position in the chironomid fauoa. The
changes in vertical stratification referred to above are corrsistenr with the known
changes in the lake, although the numbers of each taxa are small except fot Chironotzut.

As for the represenativeness of rhe single core srudied, it may suffice to cite
Griffiths A Edmoodson (1975), who, after analysis of pigments in several cofes from
the actual sampling site, wrote: "The general pattern of the oscitlaxaflrhin profiles are
again srikingly similar, which should lend encouragemeot to investigators who have
to interpret data from single cores . . . ." Cores frorn a more cenual part of the lake may
show a lower proportion of littoral and sublittoral mxa, but rnajor changes in the
chironomid fauna, had they occ-urred, rvould no doubt show up also in the area studied
here.

The scarcity of remains in the top 5 cm must be io part related ro the fact that the
sediment has not fully compacted, and represents a smaller time of accumularion than
a similar thickness of deeper sediment. Cores in rhis area of the lake have about two-
thirds the dry weight coorent in the .op 5 cm as in the oext j cm. The differeoce in
abundance of remains, however, is not proponiooal to the rime of accumulatioo. The
possibility exists thar the production of littoral chironomids has been reduced since the
diversion of sewage.

In summary, while the bottom fauna of Lake \Tashington changed during periods
of euuophication and de-eutrophicatioo, changes in composition of taxa were relatively
small. Subtle shifts in species composition may have occurred, but these changes did nor
reach the Ievel of exclusion of whole genera or a pronounced increase in abuodance of
others. This condition rnay be attriburcd largely to the fact thar eurrophicaaion was not

Chirooomid Remaios in Recenr Sediments 255



permitted to reach the point of generating aoaerobic conditions in the hypolimnioo,
and that eorichment lasted relarivelv few vears.
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