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ABSTRACT 

Analysis of the mstributions of chironomid (midge) and'other mpteran 

subfossils from two high elevation lake sediment cores in the Cascade 

Mountains reveals changes in midge communities and inferred climate-since the 
* 

late-glacial. Cabin Lake and 3M Pond are located near treeline in the subalpine 

Engelmann ~ ~ r u c e / ~ u b a l ~ i n e  Fir biogeoclimatic zone. Chronomid head capsule 

assemblages dlustrate a characteristic late-glacial community (Cabin Lake 
* 

only), and three hstinct Holocene communitre~. In Cabin Lake, the late-glacial 

community is comljosed of cold-stenothe%ous . taxa 9minated by 

Stictochiron om us, Mesocricotop us, Heterotlissodad us, ParabefferieUa n i g a ,  

Sergen tia, Protanw us, and Paraclad us, and w rm water midges are absent or 

rare, inhcating cold conditions. In both lakes the early Holocene is dominated 
f 

by a hverse warm-adapted assemblage, correspondmg to the warm climatic 

conhtions of the xerothermic period. Cabin Lake's mid-Holocene zone records a 

decrease in relative abfindance of the warm water community and is 
i' 

accompanied by an increase in cold-stenotherms. At 3M Pond this zone shows a 

dramatic loss in hversity of warm-adapted taxa, as the tempe;ate genus 
i 
1 

Dlcrotendpes dominates. This zone corresponds to the wsothermic period. 

Further cooling in the late Holocene (to modern conhtions) is inferred from 

continued reduction of warm water midges and persistence (at Cabin Lake) or 
1 

\ 



ir 
appearance (at 3M Pond) of a cold-stenothermal community. This late 'Holocene 

cooling is s i d a r  in timing to Neoglacial advances Cn the Coast, ~ a s d a d e ,  and 

P 
Rocky Mountains of southern British Columbia. 

Similarities in the timing of chironomid and vegetation commu.nity 

changes a t  these%igh elevation sites, along with the more r a p d  response time of 
I 

* 
the Chironomidae, support the sensitivity of midges to postglacial climatic 

change a t  high elevation sites. 
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Climate plays a role in determining the abundance and hstribution of 

I many organisms as well as  physical. and chemical resources, upon which 
5 

virtually all Me depends. I t  largely- determines the avadabhty of water, which * 
in turn affects health, and the abundance and hstribution of crops and other 

plants which sustain all "higher" Me forms (Watson et al., 1992). Thus, from a 

purely anthropocentric view, climate is  a key to our food security and the 
1 .  

availabhty of forest prod;cts. As a,cmnsequenck, the potential ecologxal effects 
d i 

I' of today's + human-induced global warming have become a leading area of 
@ 3 

Over the past forty years, computer models have been developed which 

describe the physical processes that  determine climate (Huggett, 1991). With 

these general circulation models (GCM's), prehctions of future climatic 

dn-ections become possible (COHMAP, 1988). Like any good scientdic model, 

they must be tested to determine their level of reliabhty, and the best way to 

test them is through their prehctive power in reconstructing past chmates. 

Vahdation from independent lines of proxy climatic evidence is' of great 

importance in determining the reliabhty of GCM's (Schweger and Hickman, 

Instrumental records of climatic variation are relatively recent in human 

history and so provide inadequate perspectives on climatic variation over a long 



time scale (Bradley, 1985). Paleochmatol9gy is the study of climate prior to the 

period of instrumental measurements, primarily using various proxy data, in 
a 

% 
4 the form of climate-dependent natural phenomena (Bradley, 1985). It is poss$de 
- i  r 

to synthesize@rent proxy data into 9 comprehensive picture of fever 
1 .  

t .. 9 

climatic fluctuations, thus ihcreasing the possibhties of identdylng their causes 
L 

and mechanisms. 
b 

The focus of this study 

deglaciation in southern British Columbia. As  ulll be dlustrated in the 
Ir 

following literature review, most s tuhes  in this region have involved the use of 

paleobotanical information to. infer climate change, which show* sgme 

hscrepancies with respect to the timing of changes (Hebda, 1995). 

This paleolimnologscal study utihzes fossd chironomic? larval remains in , 

the sehments of two high. elevation lakes to .infer changes in summer water 
f 

temperatures since late-glacial time. In small lakes, water temperature in 

summer can be used to inhrectly reconstruct air temperature, a key component 

of climate. Walker et al. (1991a) convincingly illustrate that summer surface 

water temperature is the key environmental variable in determining chironomid 
, 

.L 

dmtributions. An important aspect of my study is the location of the two sites in 

the Engelmann Spruce-Subalpine Fir biogeoclimatic zone of British Columbia. 

Cabin Lake and 3M Pond lie very near alpine treeline, which is known to be 

very sensitive to the effects of climate on plant growth and hstribution (Arno & 



Hammerly, 1984; Luckman & Kearney, 1986), and so i t  was anticipated tha.t, 
'5- 

this ecotone boundary would also be sensitive in terms of chironomid 

This work is being completed in conjunction with a study of pollen and 

plant, macrofossils a t  the same sites by Pellatt (1996), thereby contributing 
' : 

independent proxy information for late-glacial and Holocene climatic change. a 

LITERAI'CTRE REVIEW , 

( 1 )  Late-glacial and Holocene Climates in Southern British Columbia: 

Chmate is known to strongly influence broad-scale vegetation patterns 

and is often cited as a m a p  cause of changes in  species abundances and 

&stributid&s (Mathewes, 1985). Thus, paleobotanical evidence using pollen and 
/ 

plant macrofossils is c p m o n l y  used to determine past vegetation changes and 

to infer associated shlfts in climate. 

Reviews of the climate history of southern British Columbia (Mathewes, 

1985; Hebda, 1995) have identified the timing of climatic events since thealast 

deglaciation. All dates reported here are in uncahbrated rahocarbon years 

before present (I'C yr BP). 

Mathewes (1985) reported that in the late-glacial, prior to 12,000 yr BP, 

the c h ~ a t e  was cooler and h e r  than today. From ca. 12,000 yr BP untd ca. 



10,500 yr BP, cooler and wetter conditions have been inferred in both coastal 
& 

(Mathewes, 1973) and interior (Hebda, 1995) regrons. Transfer functions 

applied to the coastal Marion Lake pollen data (Mathewes & Heusser, 1981) 

gave a quantitative interpretation that supported the quahtative inferences 
~ ." 

L 

grven by Mathewes (1973). Recent evidence suggests 
9 

around the time of the amphi-Atlantic Younger Dryas 

British Columbia coast Ga thewes  et al, 1993; Mathewes, 

that  a cooling event 

also occurred on the 

1993). This evidence 

may prove very significant in terms of understandmg the cause and geographic 

extent of this chmatic event and its implications for global climate dynamics. 
% 

Further evidence from various types of proxy indxators at  more sites is needed 

to confirm this view of late-glacial deterioration to colder conhtions. 

A warm and dry early Holocene interval is evident from many s tuhes  in 
C 

B.C., although the timing of the period of maximum warmth appears to be 

M e r e n t  a t  coastal and interior sites. Mathewes & Heusser (1981) 

quantitatively showed a rapid rise in temperature and decrease in precipitation 

around 10,000 yr BP, with a maximum July temperature and minimum anpual 
% 

* 
precipitation between 10,000 yr BP to 7500 yr BP, aptly named the "early 

Holocene xerothermic interval". Hebda (1995) interprets a grassland maximum 

in the southern interior from 10,000 - 8000 yr BP to represent warmer and drier 

than present conhtions, but correlates a "mesic grassland period" from 8000 - 

4500 yr BP as being warmer than present but moister than the early Holocene. 



Alley (1976) suggested a warm, dry interval between 8400 - 6600 yr BP from his 

study a t  Kelowna Bog, with a shlft to moister and cooler conhtions coincidmg 

with Makama Ash deposition (6800 yr BP). Cawker (1983) and Mathewes & 
* 

IGng (1989) also inferred a warm, dry early Holocene tha t  persisted until 6800 

yr BP. Maximum warmth in the southern coast-interior transition was inferred 

to occur around 8000 - 9000 yr BP by Clague & Mathewes (1989) and Clague et 

al. (1992), based on growth of trees above present treeline a t  Castle Peak. 

- The mid-Holocene climate generally became cooler than the early <., 

Holocene xerothermic, but stdl remained warmer than present, and an increase 

in moisture is often noted (Hebda, 1995). The timing of this trend also does not 

appear to be synchronous over southern British Columbia. Hebda (1995) 

demonstrates an increase in moisture around 8000 yr BP in the southern 

interior grasslands, which remained warmer than today until ca. 4500 yr B P .  

Many s tuhes  identlfy a cooling and moistening trend begmning near the time of 

Mazama Ash deposition (Mathewes, 1973; Mathewes & Rouse, 19'75; Heusser, 

1983; Mathewes & Kmg, 1989). This mid-Holocene stage was generally 

prevalent until ca. 4500 yr BP (Mathewes, 1985; Hebda, 1995). 

The late Holocene climate change towards modern conhtions is 

considered to begrn at  ca. 5000 yr BP, at  which time signs of neoglacial 

readvances appear a t  high elevations (Clague, 1981; Ryder, 1989). Most 

paleobotanical s tuhes  show a cool and moist period begmning between 4500 - 



4000 yr BP (Mathewes, 1985; Hebda, 1995) at  both coastal and interior sites, 

which corresponds well witb the proposed ehd of the eastern Hypsithermal as . >  

I 

described by Ritchie (1987), and with dignlficant shlfts in climate in the U.S. 
\ 

interior northwest (Mehringer, 1985). 

The timing of Holocene climatic changes appears to vary considerably 

between some sites in southern British Columbia. Mathewes (1985) views the 

Hypsithermal as a time-transgressive event here as in other parts of North 

America, and so these apparent chscrepancies in fact may not be contrachctory. 

especially in comparing sites in a reeon of extreme climatic and physiographic 

variabhty.  'lhming of changes may also reflect the proximity of each site to 

important ecotonal boundaries during gradual climatic changes. 

(2 ) Chmonomids as Indicators of Lake Typology: 

A complete coverage of the historical development pf this topic is b b yond 

the scope of this review, and the reader is  referred to comprehensive summaries 

by Brinkhurst (l974), Walker (1987,1993), and Hofmann (1988). 

Early limnolog-lcal stuches involving chironomids were concerned with 

classdylng lakes hccorchng to lake productivity. As outlined by Walker (198'7), 

Einar Naumann introduced the lake types used today in trophic classification, 

describing very productive eutrophic lakes and unproductive oligotrophic lakes. 

August Thienemann used this same scheme, and matchLd speclfic chironomid 



a 

genera with lake types, such as  oligotrophic Tanytqsus lakes and eutrophic 

Chironomuslakes ( W w r ,  1987). 

Later studies by Sather (1975a, 1979) illustrated the continuous range of 

lake trophic states and representative chironomid communities. Sather (19'79) 

rehewed the various mathematical inhces that summarized chironomid data in 
I 

* 
relation to eutrophication and proposed important refinements to increase the 

' * .  * 

v a l h t y  of this classfication system. 

It  is important to note t h a t  this lake type classfication scheme was 
P 

origmally intended to be based on-benthic fauna of stratdied lakes. The benthos .>. - - -  
* 

are exposed to variations in nutrient and oxygen levels in their environment, 

which are reflected in the occurrence and hstribution of these organisms 

(Szther, 1979), and so it is suggested that changes in profundal chironomid taxa 

be examined separately from littor; taxa when considering trophic inhcators 

(Kansanen et al., 1984; Hofmann, 1986; Walker, 1987). Hershey (1985) 

considered littoral taxa'to be useful in lake typology in her study of an arctic 

lake, which appeared to illustrate a c~mplex  relationship between the effects of 

productivity and temperature. Sather (1975a) dscussed the occurrence of 
t 

t-ypical profundal chironomid species in the littoral zone of subarctic, arctic, and 

alpine lakes, and, along with Hofmann (1988), explained that in shallow lakes, 

chmatic influences are. hkely to be more influential in determining chironomid 

hstributions. 



I In addtion to lake productiblty, another factor that  has  been suggested to 

I' 

control chiroGomid community composition is the hypohmnetic oxygen reQme. 

Using this system of classdication, it was found that seasonal oxygen depletion 

in the profundal of stratdied lakes gwes rise to speclfic chironomid communities 

consisting p r imady  of Chironomus species (Oliver, 197 1 ; Frey, 1976; Hofmann, 

1988; Walker, 1993), which are used as inhcators of eutrophic conhtions. 

Another community (Brunhn's Tanytarsus lugens community) is inhcative of 

oligotrophic conhtions in the profundal of stratdied, temperate lakes in which 

there is  a continually high oxygen content (Hofmann, 1988). 

Once again, the complexities of the environmental factors influencing 
+'' 

chironomid hstributions can be noted. As Hofmann (1988) explains, the oxygen 

condtions in the profundal zone of lakes are closely related to productivity. 

Higher metabolic oxygen demands in productive, eutrophic lakes leads to oxygen 

depletion in the hypohmnion of stratdied lakes, and so chironomids such as  the 

hemoglobin-bearing Chironomus dominate (Walker, 1987). ' Conversely, 

unproductive, oligotrophic lakes may benefit profundal chironomids that require 

high- oxygen levels, such as the genus Heterot~issodadius (Szther, 1975b). 

Many recent paleolimnologcal s tuhes  of fossil chironomids have 

employed the notioq of chironomid communities as inhcators of lake types 

(Wiederholm & Eriksson, 1979; Devai & Moldovan, 1983; Kansanen, 1985; 

Medainen & Hamina, 1993; Walker et al., 1993). Clearly, conclusions made 



\ 

from stucbes such as  these should take into account the close interrelationships 

between trophic state, oxygen conhtions, and climatic influences, and thus great 

caution must be applied to environmental reconstructions based on these 

changes in chironomid communities. 

7 

(3) Chwonomidae in Paleoclimatic Investigations: 

Larval chironomids have many attributes which make them apphcable to 

paleolimnologcal s t u h e s  and the reconstruction of paleoenvironments. These 

larvae inhabit the profundal and littoral repons of nearly all freshwater 

habitats (Walker, 1987). Among the freshwater invertebrates in the temperate 

zone, midges contribute the highest number of species, and their larvae 

generally are present in large numbers (Hofmann, 1988), along with the 

ohgochaetes (Walker, 1993). Head capsules of moulted ]earval exoskeletons and 

dead larvae are well preserved in the secbments, allowing identlficsltion of these 

' remains (Hofmann, 1986, 1988; Walker, 1987). Species are adapted to certain 

ecological concbtions within a lake, so the chironomid fossd record is inhcative 
8' 

of the ecologcal concbtions a t  the time of sedimentation. Successional changes 

in chironomld fauna are documented vertically in the secbment,, and these 
"k 

changes should reflect shlfts in ecologcal conhtions during lake development. 

Using a single core to determine past whole-lake concbtions raises the 

import,ant question of how representative such a core can be, since the site of 



1 

sechmentation of chironomid remains is not necewanly the habitat of the living 
i' 

organisms (Hofmann, 1988). The deepest part of the lake appears to be the 

optimal site from which to obtain a complete and unhsturbed sehment  core 

-(Hofmann, 1986, 1988). I t  has been determined thak cores obtained from this 

regron of a lake are highly reproducible, and so i t  can be assumed that a correct I 

interpretation of lake conhtions can be made from a single core (Schmah, 1993). 

Because deep basin cores contain a mixture of profundal, littoral, and pelagrc 

remains, chironomid subfossils should be considered separately for analysis. 

The relative abundances of littoral vs. -profundal species Gves an indxation of 

the influence of littoral species on the death assemblage (Hofmann, 1986). 

Caution should 

death assemblages. 

samples taken at  one 

also be exercised 

Many s tukes  on 

time of year only, 

when equating chironomid lrfe and 

present chironomid ecology rely on 
- 

and taphonomic processes determine 

which taxa wdl be preserved, in what numbers, and where (Walker and 

~ a t h e g e s ,  1989a omparisons of chironomid Me and death assemblages have 

in fact shown relatively good correlation (Walker, 1987), and proper comparison 

. of fossil and modern assemblages can minimize errors of interpretation. 

Studylng recent fossil assemblages in surficial lake sehments  is more cost 

efficient compared to conventional samphng, and, more importantly , the fauna 

is more comparable to the fossil assemblages retrieved from cores (Walker and 

Mathewes, 1989a). 



Ecological s t u h e s  of chironomids in sa b n e  lakes have illustrated 

relationships: between chironomid community composition and sahnity levels 

(Cannings, 1975; Cannings & Scudder, 1978a,b; Hofmann, 19.87; Williams et  al., 

1990). 

The hydrologpc budgets of lakes are related to climate, and signficant 
, * 

fluctuations in lake levels are often correlated with periods of climatic change 

(Fritz, 1990). Therefore, the reconstruction of past changes in lake levels can 

provide a background for understandmg modern hydrologpc conhtions and be a 

tool for prehcting future hydrologpc responses to changmg chmate. This" 

information may also provide analogues of precipitation patterns during past 

warm periods, as well a-s a means of validating general circulation models used 

to simulate global climatic change (Fritz, 1990). Closed basin lakes in repons 

with a negative water balance are very good paleohydrologx and paleoclimatic 

recorders, as fluctuations in the balance of precipitation and evaporation result 

in lake level changes and concentration or ddution of hssolved salts. This 

information has been shown to be recorded in chironomid community 

composition, and so these organisms hold good potential in traclung changes in 

paleosahnities and associated climate. 

Mees et al. (1991) reconstructed Holocene paleosahnities using 

chironomids in a study of Lake Melha, Africa, in which marked fluctuations in 



sahnity were noted. Similarly, Verschuren (lg94) inferred past sahnities and 

lake level fluctuations from changes in chronomids archived in the sehments  of 

Lake Oloihen, Kenya. 

Chironomid remains in surficial sehments  from 86 British Columbia 

used to assess the possibhty of quantitatively reconstructing past 
1 .  

sahnities from fossil chironomid assemblages h a l k e r  et al., 1995). Using 

canonical correspondence analysis (CCA), late summer sahnity was found to be 

the environmental variable that  explained most of the variance in the weighted 

averages of the taxa. The most appropriate weighted-averaang cahbration- 
P 

function'was used to produce a chironomid - sahnity transfer function, which 

achieved close agreement a t  low to moderate sahnities, but became poorer at  

sahnities greater than 10 glL. It was concluded that although chironomids 

appear to be very good inhcators of transitions between freshwater and 

moderltely sahne waters, they cannot produce accurate estimates of sahnity 

changes in,highly sahne waters (Walker et al., 1995). 

The transfer function developed by Walker et al. (1995) was tested by 
-%b 

Heinrlchs (1995) in reconstructing paleosahnities of three lakes in the south- 

central interior of British Columbia, and comparing these inferred postglacial 

chmate changes with accepted regonal climatic trends. Sahnity reconstructions 

at  Mahoney and Kilpoola Lakes indxated a shlft from freshwater to saline 



conditions in the early Holocene, suggesting a temperature increase 

correspondmg to the early Holocene xerot ermic interval (Hebda, 1995). eP 

(b) TEMPERATURE 

Many s tuhes  involving chironomid physiology, beha'yior Oanks ,  lg'il),  

and Me cycles have shown that temperature is a very important limiting factor 
+ 

in the chstribubon of various chironomid taxa. S t u h e s  on emergence O a n k s  ,& 

Oliver, 1972a,b; Nordhe & Arthur, 1981), growth and development (Mackey, 

lg'i'i), eclosion times (Kureck, 1979), and genetic dmersity (Thorp & Chesser, 

1983) have dus t ra ted  this temperature constraint. Pinder (1986) presents a 

good review of many related studles. Modern faunas do vary with climate, with 
\ 

the Orthocladunae and Diamesinae occurring abundantly in cold arctic and 

alpine conhtions, while the dhironominae and Tanypodmae are prominent a t  . 
low altitudes and latitudes (Oliver, 1971; Walker & Mathewes, 1987a). Further 

evidence suggesting a chironomid-temperature relationship is shown by the fact 

that many temperate species that are absent from arctic and alpine habitats are 

also rare or absent from the cold profundal waters of temperate reeons  (Walker 

& ~ a t h e w e s ,  1989a). Conversely, most cold-stenothermous taxa common in 

arctic and alpine sites are predominantly limited to cold profundal reGons of 

temperate lakes (Walker & Mathewes, 1987a, 1989b; Walker, 1990). 



Work done by Walker & Mathewes (1987a), interpreting changmg ' 

chironomid communities as a response to changmg climate, was challenged by 
d 

I 

- Warner and Hann (1987), who considered substrate characteristics and 

turbihty to be more important in regul%ing midge dstributions. They proposed 

the- wide geographical hstribution of cold-stenothermous taxa as evidence - 
against climate-related changes in chironomid gaunas, and interpreted faunal 

changes as reflecting changes in allochthonous organic matter deposition and 

nutrients as a result of vegetation changes in the watershed that may have only 

been inhrectly climatically controlled. Warner & Hann (1987) also assumed 

that freshwater invertebrate communities are not hrectly influenced by climate, 
d 

since the aquatic environment acts as a strong buffer against cliniate change. 

Warwick (1989) also supported a role of sehment  composition in determining 

the presence of chironomid taxa, referring primarily to his study in the Bay of 

Quinte (Warwick, 1980). > 

In response, Walker & Mathewes (1987b) argued that although many ' 

- 

cold-stenotherms (such as Heterot~issocladius) are widely hstributed, they are 

limited to cold northern or montane to alpine lakes, and are found only in the 

deep cold profundal reg.lons of temperate lakes. Evidence against turbichty or 

substrate-controlled communities is gven by the presence of Heterot~issocladzus 

in both turbid waters of glacial lakes and very clear waters (Walker & 

Mathewes, 1989~) .  H. marcidus is the least cold-stenothermous species of the 



genus, but is stdl restricted to relatively cold waters, although it is found on 

various types of substrates (Sather, 1975b; Walker & Mathewes, 1987b). In 

adhtion, the very low sehmentation rates at  approximately 10,000 years BP at  

Marion Lake, Eritish Columbia (Walker & Mathewes, 1987a,b, 1989c), when the 

chironomid fauna changed, contrahcts the suggested correlation with high 

sehmentation rates. In studying biotic and abiotic factors associated with 
, 

hversity and'density of larvae, Thorp and Chesser (1983) found that water 

temperature was the factor most strongly associated with chironomid 

assemblage changes, whde particle size and organic content of t,he substratum 

were relatively unimportant. 
9 

Early s tuhes  (i.e., Thienemann, 1918; Brundm, 1949, 1956, 1958), as 
$ 

cited by Walker (1987), concerned with benthic lake classfication in terms of 

trophic state also hinted at  a relationship between chironomids, trophic state, 

and chmate. Walker (1987) and Walker & Mathewes (1987a) explain this 

relationship, whereby higher temperatures and longer growing seasons lead to 

increased biologmil activity and productivity, and increased chemical # 

weathering rates at  higher temperatures contribute to higher nutrient levels. 

Thus, many taxa characteristic of oligotrophic conhtions are cold- 

stenothermous, and taxa common in eutrophic waters are warm-adapted 

(Walker, 1987). 



Walker (1987) reviewed some important preliminary s t u h e s  of climate- 

related chironomid succession, dlustrating good correspondence between 

climatic inferences based on chironomid data and trends shown by pollen- . 

chmate transfer functions. In the first study of postglacial chironomid 

succession in the Paclfic Northwest, Walker & Mathewes (198'7a) looked at . 
changes in the fossil assemblages .%t a Marion Lake, British Columbia. They 

hscovered a prevalence of cold-stenotherms during late-glacial time, which they 

designated the 'late-glacial Heterot~issodaihus fauna", inhcating cold 

conhtions. At approximately 10,000 yr BP, reduction or complete loss of this 

fauna suggested rapid warming. The strong similarity between chironomid 

profiles in hfferent geographic reeons (British Columbia, New Brunswick, 
? 

Germany) clearly reflects % fact t h a i  lake faunas independently respond to 

simdar regonal influences, most likely climate (Walker & Mathewes, 198'7a). 

Further evidence of rapid climatic warming at  Marion Lake at  the 

Pleistocene/Holocene boundary was based on pollen-chmate transfer functions 

(Mathewes & Heusser, 1981; Walker & Mathewes. 1987a). Similar changes in 

- chironomid communities were observed at  Mike and Wsty  Lakes (Walker & 

Mathewes, 1989a). 
% 

The next lopcal 'siep in g l n i n g  confidence in chironomid-climate 

relationships came with a study of surficial lake sehments  hstributed across an 

alt i tuhnal grahent  (Walker & Mathewes, 1989b), which could be assumed to be 



analogous to a*latitu&nal climatic grachent, since temperature decreases with 

increasing elevation (environmental lapse rate) (Oke, 1987). Here, it was again 

found that a typical Heterotlissocladrus fauna was prevalent a t  higher, colder 

altitudes and in the bottom, oligotrophic waters of deep, temperate lakes, 

whereas many species common a t  lower elevations were absent at  alpine and 

upper subalpine sites. Although horizontal and vertical cchmatic grachents are 

not h e a r  functions of altitude or latitude, the parallel trends along alt l tuhnal 

and horizontal cchmatic grachents strongly suggest that climate is  either hrectly 

or inhrectly influencing chironomid hstribution. 

A major advance in this research was attained with a statistical study of 

chironomid remains from surficial sechments of lakes in Labrador and Quebec, 

using canonical correspondence analysis (CCA) to quantitatively determine 

which environmental variables were most influential on chironomid 

hstributions (Walker et al., 1991a). CCA (ter Braak, 1986) appears to provide 

the most appropriate means for analyzing the factors ihfluencing biologxal 

hstribution, where relationships between organisms and their environment can 

7 

be used hrectly in reconstructing past environmental conhtions, assessing 

several environmental variables independently using the same fossil data 

(JValker et al., 1991a). This study was initiated to test the importance of 

summer surface water temperature, maximum lake depth, and organic content 

of sehments in influencing relative abundances of fossil chironomid taxa. 



Results showed that summer surface water temperature (r = 0.79, p < 0.0001) 
- 7 

accounted for most of the explained varianpe (Walker et al., 1991a), and so a 

temperature-constrained CCA produced a weighted-averagng regression and 

1 cahbration model of the chironomid-temperature relationship, which was used 

as a transfer function to prehct  summer surface water temperatures from fossil 

data. 

Attempts to h s c r e h t  climate as a factor in dwecting chironomid faunal 

changes were again attempted by Hann et  al. (1992), but most of their comments 

were unsubstantiated or simply incorrect, and were dealt with adequa'tely by 

Walker et al. (1992a). 

From Walker et al.'s (1991a) work, chironomid-temperature relationships 

have been u thzed  to support the occurrence of an AlleradlYounger Dryas-age 

climatic oscdlation in Atlantic Canada (Walker et al., 1991b; Wilson et al., 

1993). The AlleradJYounger Dryas transition, which is well documented in 

Europe, marks a change from relatively warm conhtions before 11,000 yr BP 
6 

(Merod)  to a much cooler environment approximately 11,000 - 10,000 yr BP 

(Younger Dryas chronozone). Palynologrcal and Litholog-lcal evidence suggested 

late-glacial temperature fluctuations in Atlantic Canada that correlate well with 

this oscdlation (Mott et  al., 1986; Wright, 1989), but other independent evidence 

was needed to confirm this trend. 



a 

Continued expansion of the dataset and use of the chironomid- 

temperature transfer function were the result of stuches of chironomids, pollen, 

and sechment organic content from sites in New Brunswick, Prince Edward 
C 

Island, and Nova Scotia (Levesque et al., 1993a,b, 1994), and Maine (Cwynar & 

Levesque, 1995). In adchtion to support for Younger Dryas-age cooling, evidence 

of a short cold period in eastern North America just prior to the Younger Dryas, 

called the Kdlarney Oscdlation (1 1,160 - lO,9 10 yrs BP), was dscovered through * 

very high resolution analyses. This period corresponds to the Gerzensee 

Oscdation in Switzerland and other events detected along the North Atlantic 

seaboard, suggesting a single event in the North Atlantic regon, possibly 

causally related to the Younger Dryas. 

Most recently, an improvement of this inference model was achieved by 

Walker et al. (in press). With further expansion of the s u k c e  sample dataset, 

more accurate temperature reconstructions and error estimates are expected. 

STUDY SITES 

Located in the Kamloops Forest Regon of the southwestern interior of 

British Columbia, Mount Stoyoma (2283 m asl; 12 lo 13' W; 49'59' N) is at  the 

northern limit of the Cascade Mountains (Figure 1). The Cascades are primarily 

composed of strongly folded Paleozoic and Mesozoic sechmentary and volcanic 

rocks (Holland, 19'76). 



Figure 1: Map of British Columbia showing location of Mount Stoyoma in 
the Northern Cascade Mountains. 
(Inset: topographic setting of study sites) 



- Vegetation reflects the environment and recent history of a e v e n  site, and 

thus is a key to ecosystem class~fication and identdication (Lloyd et al., 1990; 

Pojar et al., 1991). In British Columbia, ecosystem classdication is based on the 

relationship between ecosystems and chmate, as  climate has  the greatest 

influence on the development of an ecosystem (Ivhtchell & Green, 1981). 

Uthzing this relationship, the ecosystems are hvided into biogeoclimatic zones. 

The sites involved in this study lie in the Engelmann Spruce-Subalpine Fir 

b l~~eocl imat ic  zon6 (ESSF), which is the highest forested zone in the southern 

and central interidr of British Columbia (Hebda, 1995). More specdically, the 

study sites are within the dry, cold Engelmann Spruce - Subalpine Fir Subzone 

variant 2 (ESSFdc2) (Lloyd et al., 1990). Characteristic trees and shrubs 

include Engelmann spruce (Picea engelmanniz), subalpin-e fir (Abies lasiocarya), 

whitebark pine (Pmus albicauhs), white-flowered rhododendron (Rhododendron 
Y 

albd?orum), and black mountain huckleberry (Vaccinium membranaceum) 

(Pellatt, 1996), producing continuous forest at  lower and middle elevations in 

the zone, and subalpine parkland a t  higher elevations (Lloyd et al., 1990). The 

two sites- involved here are at  the upper repons near treeline, just below the 

alpine tundra biogeochmatic zone. 

Chmate in the ESSF zone is continental, characterized by long, cold 

winters with high snow cover, and short, cool summers. Table 1 summarizes 

mean values for important environmental variables of the ESSFdc2 (Lloyd et al., 



Table 1: Mean values for selected ESSFdc2 climatic variables. 
(Lloyd et al., 1990). 

Annual precipitation 

Annual snowfall 635 cm 

Annual temperature 

Frost free period 45 days 

Growing degree days (> 5•‹C) 579 days 

Growing season' precipitation 296 mm 

Growing season temperature 

Mean minimum January temperature - 14.1•‹C 



The two lake basins selected for paleoe~olo~lcal analysis were Cabin Lake 

(1850 m asl) and 3M Pond (1950 m ad).  Both are located near present treeline, 

and are therefore expected to be sensitive to past climatic changes. Cabin Lake 
t 

t 

(Figure 2) lies within the dry southern Engelmann Spruce - Subalpine Fir 
4 

Parkland (ESSFpe) and is surrounded by a well developed forest of Engelmann 

spruce a i d  subalpine fir on the south, east. and west sideq The north slope 

forest was burned relatively recently, with abundant charred snags and open 

meadow vegetation. The lake has an area of approximately 4 ha, and a 

maximum water depth measured a t  4.2 m. A small inlet stream is located a t  the 

north end which is active during the warmest months as snow melts at  higher 

elevations, and an outlet stream is present at  the south end, again probably only 

active when meltwater raises lake level. 
ed ' + 

Dominant trees and shrubs surroundmg Cabin Lake include Engelmann 

spruce, subalpine fir, white-flowered rhododendron, partridgefoot (Leuth-ea 

pectihata), black mountain huckleberry, grouseberry ( V a c c i ~ ~ i ~ ~ m  scopa~inm), 

pink mountain heather (Ph.vUodoce empetdormis), and mountain heather 

(Cassiopemerte~lsiana) (Pellatt, 1996; Lyons, 1965). 
/' 

3M Pond (Figure 3), within the transition between ESSFpe and the Dry 

Southern Alpine Tundra (ATd) Wtchel l  & Green, 1981), is approximately 0.75 

ha in area and has a maximum water depth of 1 m. Common trees and shrubs 



Figure 2: Photograph of Cabin Lake showing surroundmg ESSk' forest mth 
Mount Stoyoma in the distance. 



surroundmg the pond are subalpine fir, Engelmann spruce, whitebark pine, 

coinmon juniper (Jun$eris communis), white mountain heather, pink mountain * 

heather, and par&idgefoot, with a more prominent herb component .than 

observed around Cabin Lake (Pellatt, 1996). 

METHODS 

Field and Laboratory: 

Cabin Lake was sampled in July, 1993 using a m o ~ e d  Lvingstone 

piston corer with a core tube h a m i t e r  of 5 cm. A 399 cm semment core was 

obtained from the deepest part of the lake. The five h v e s  comprising the entire 

core length were extruded in the field and wrapped in cellophane and 

aluminium foil, and subsequently transported to Simon Fraser University (SFE) 

where they were stored a t  approximately 4•‹C for l i te r  analysis. 

The Cabin Lake sehments  were subsampled most commonly every 15 cm, 

with higher resolution samphng in reg-lons of expected faunal change (i.e., late- 

glacial basal clay and basal claylgyttja interface). Subsamples consisted of 0.5 

ml or 1 ml of sehment ,  but up to 10 ml of sehment  were necessary in some 

intervals to obtain sufficient numbers of chironomid head capsules for analysis 

(at least 30). All subsamples were stored in glass vials in 2 ml of hstdled water 

and kept refrigerated a t  4•‹C untd analyzed. 



Coring of 3M Pond was done using the methods outlined above in August, 

1993. A 74 cm sehment  core was removed from the deepest reeon of the pond 

and transported to SFU. 

Subsampling of 3M Pond was usually done a t  2 cm or 4 cm intervals in 

the top half of the core (0 - 35 cm), and every 8 cm in the bottom half (35 - 67 

cm). Again, 0.5 ml or 1 ml (but up to 2 ml) subsamples were placed in 2 ml of 

hstllled water in glass vials and stored at  approximately 4•‹C for future 

analysis. 

Isolation of chironomid head capsules, Chaoborus manhbles,  and 

ceratopogonid head capsules generally foUmed the procedures outhned by 

Walker (1987). Sehment  samples were deflocculated in 8% KOH at 

approximately 60•‹C for 60 minutes, followed by a thorough hstllled water rinse 

on a 95 pm Nitex' mesh. Since carbonates were a very minor component of the 

sehments of both lakes, a treatment with HCl was not necessary. The residue 

retamed on the sieve was back-washed into a beaker using dstllled water, in 

which it was stored until sorted. 

Sorting of the residue was done in a Bogorov counting tray under 25 - 50X 

magnlfication with a Wild M5 hssecting microscope. Remains were transferred 

to drops of water on a coverslip under 12X magnlfication using #4 or #5 forceps 

Covershps containing approximately 30 remains each were dried and mounted 



onto glass slides using Permount \r E n t e l l a n b ~ u n t i n ~  memum for. later 

identdication. 

Remains 

Zeiss compound 

keys by Walker 

were identdied under 100 - 400X magndication using various 

microscopes. Identfications were based on descriptions e v e n  in 

(1988), Oliver & Roussel (1983) and Wiederholm (1983). Whole 

,head capsules and fragments containing greater than half of the mentum were 

counted 'as  one head capsule. Fragments that were exactly half of a head 

capsule were counted as  one half, and fragments-that consisted of less than half 

of the mentum were not counted. Most identdications were made at  the generic 
4 

level, although a few species identdications were possible. Broader taxonomic 

categories were necessary where the genus could not be determined (eg., 

subtribe Tanytarsina, Cricotopus/Orthodadus, CorynoneuraA"hienemanniella). 

Data Analysis: 

Data were complied on a spreadsheet using T h a  version 2.0 (Grimm, 

1993), and chironomid percentage hagrams were produced using m a  Graph 

version 1.1 'i (Grimm, 199 1). A constrained sum-of-squares clust,er analysis 

(CONISS) (Grimm, 198'7) for percentage data was done to examine major 

changes in chironomid communities throughout the stratigraphy. 



Chronology : 

Ash Layers: 

Tephra derived from Mount Mazama (6800 yP BP) (Hebda, 1995) is 

present in both Cabin Lake (246 - 253 cm) and 3M Pond (36 - 42 cm) sehment  

profiles. Cabin Lake also contains the Bridge River Tephra (ca. 2410 yr BP) 

(89.5-90.5 cm). Identfications of tephra using microprobe analysis were made 

by Dr. Jerry Osborne and Glen DePaoli (University of Calgary). 

Radiometric Dating: 

AMS rahocarbon dating (by IsoTrace Rahocarbon Laboratory, Toronto, 

and Center for Accelerator Mass Spectrometry, Lawrence-hvermore National 

Laboratory) was used to determine the ages of organics a t  two points in 3M 

Pond's sedment profile, and three points for Cabin Lake, and all dates gven in 
w 

this study are in uncahbrated ,ra&ocarbon years before present (llC yr BP). 

datum 1950. Table 2 shows sehment  depths, types, and ages of samples from 

Cabin Lake and 3M Pond. Regression analysis (Grimm, 1993) was utilized to 

interpolate radocarbon ages a t  key intervals of chironomid community change. 



Table 2: AMS rahocarbon dates for 3M Pond and Cabin Lake 

Sample Identification 

3M Pond (65-6'7 cm) 
3M94-B-2 1 

3M Pond (24-26 cm) 
3hl94-A-25 

Cabin Lake (306 cm) 
CLJL94-5- 12 

Cabin Lake 
CL-324 cm 

Cabin Lake 
CL-368-3'70 cm 

Sample Description 

conlfer needles 

conlfer needles 

carbonized wood 

pollen 

leaf fragments 

Lab # 

TO-5329 
(Isotrace) 

TO-5330 
(hotrace) 

TO-5205 
(Isotrace) 

29826 
(CAMS) 

29829 
(CAMS) 

Age (14C vr BP) 

10,000 -+ 320 

3530 i 60 

(Errors presented as * 1s) 



RESULTS 

Figures 4 & 5 dus t ra t e  head capsule counts for each taxon, as  a 

percentage of the total number of identifiable chironomid head capsules in each 

sampling interval. The chironomid taxa, along with Chaoborus and 

Ceratopogonidae, are separated into typical warm and cold water assemblages 

accordmg to current informaticn regarchng their thermal optima and tolerances 

(Walker et al., in press). Figure 6 shows examples of head capsules from 

common cold and warm-adapted taxa. The remaining uncategorized taxa 
9 

consist of "rheophilous" (flowing water) groups ( 1 . .  BrllliaDTurvhapsis, . 
DoithnxPse u dorth ocla d us, Coryn on e u r a m i e n  em annielIa, Rh eoc~zcotop us. 

'Euheffen'eUa & Tvetenia, 

Synorthocladus), eurythermic 

broad taxonomic categories (i.e., 

* 

Param etrjocnem us, SmittiaPseu dosmittia, 

groups (i.e., Psectroclad us, Proclad us), and 
I - 

subtribe Tanytarsina, C~~cotopus/Orthocladus), 

all of which are of relatively little value in assessing paleotemperature repmes. 

Cabin Lake 

The basal sehments  (399 - 324 cm) of Cabin Lake consist of a dark grey 

clay m t h  two dstinct bands (369 - 363 cm, 357 - 355 cm) of very dark grey 

mixed organictinorganic material which are graded coarse to fine. A relatively 

unlform dark brown to black gyttja was deposited above 324 cm. The remainder 
- 







I Stictochironomus 

Sergentia Heterotrissocladius 

Figure Ga: SIentum and ventromental plate characteristics of tlpical cold- 
stenothermic chironomid taxa found a t  C a E n  Lake and /or 3lliPond 
(drawings adapted from \Valker (1988)). 
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Microtendipes 

Chironomus 

Pagastiella 

Dicrotendipes 

Figure Gb: Mentum and ventromental plate characteristics of tlpical warm 
water chironomid taxa found st Cabin Lake and  3hI Pond (drawings 
adapted from \tTalker (1988)). 



of the secbment prome consists of dark gyttja, with the exception of two tephras 

at  252.5 - 247 cm (identlfied as  Mazama ash) and 90.5 - 89.5 cm (identlfied as 

Bridge R v e r  tephra). 

A sample of carbonized wood at  306 cm was dated a t  8910 i 120 yr BP 

(Table 2). It should be noted that a previous core of the lake also provided a 

date of 9319 -e 120 yr BP a few centimetres above the claylgyttja interface. 

Dates of pollen a t  324 cm and leaf fragments at  368 - 370 cm (both within the 

clay) were 10,090 + $0 and 9860 + 60 yr BP, respectively. Therefore. it was 

assumed that the clay was deposited rapidly at  the late-Pleistocene/Holocene 

boundary at  ca. 10,000 yr BP. Mazama ash deposition has a widely accepted age 

of 6800 yr BP (Hebda, 1995), and the Bridge River tephra has  been dated to 

2410 yr BP (Clague et al., 1995). 

The chironomid fossil record of Cabin Lake has been hvided into four 

zones, determined by a constrained sum-of-squares cluster analysis (Grimm, 

1987), which places boundaries where the greatest changes in chironomid 

community composition occur (Figure 4). Zone CC-1 (399 - 330 cm) represents 

late-Pleistocene sehments before ca. 10,000 yr BP near the claylgyttja 

transition. Zone CC-2 (330 - 265 cm) encompasses the early Holocene, between 

ca. 10,000 yr BP and ca. 7220 yr BP. Zone CC-3 (265 - 112 cm) spans the mid- 

Holocene between ca. '7220 yr BP and ca. 3210 yr BP. The most recent 



sedments  make up zone CC-4 (112 - 0 cm), representing ca. 3210 yr BP to 

present. 

Zone CC-1: 

The late-glacial assemblage primardy consists of the widespread 

Tanytarsina group (up to 54%) and typical oligotrophic, cold-stenotherms 

( Paracla d us, Paraheffen'eUa n i ~ s a ,  Mesocricotop us, Stictochiron om us. 

Pz.otan.~us,  and Heterotrissocladus), along with Sergentia, which characterizes 

cold, mesotrophic waters (Walker, 1990). An interesting feature of this zone is 

the brief peaks in the relative abundances of some typical warm-adapted 

chi r onomi ds ( Chiron om us, StempeUmeUa & Za vreha, Paraheffe~ieUa c f. 

bathophrla, Dicrotendpes) and the Dasyhela type of ceratopogonid, which occur 

at  the time of increased deposition of organic sehment  prior to the Holocene. 

The predatory Procladus also makes up a significant proportion of the 

lat,e-glacial assemblage (up to 33%), and remains relatively abundant 

throughout the Holocene 

'* 

Zone CC-2: 

The beginning of the Holocene is characterized by a sudden 

chsappearance of most of the cold-stenotherms, with only Heterot~issocladrrs 

and Sergentia persisting as very small proportions of the faunal assemblage. In 

36 



conjunction with this trend, signficant increases in the warm-adapted 

chironomids occur. Most notably, Chironomus, Stempefinella & Zavreha, 

Pagastiella, Mcrotendpes,  along with various Chaoborus species rapidly 

become major faunal elements in the early Holocene. The eurythermic 

Tanytarsina and Procladzus approach their lowest levels in this zone, which may 

be a result of less production in these groups or simply because of a greater 

prevalence of other taxa. Unfortunately, sehmentation rates are not avadable 

and so influx rates could not be determined. 
L 

This zone also shows an increase in proportions of the rheophllous 

CorynoneuraA'%ienemanniella group, and the eurythermic PsectroclacJIus and 

Cosyn ocer'a. 

Zone CC-3: 

Just  prior to Mazama ash deposition, a major shlft in fauna occurs. 

Although this mid-Holocene zone stdl supports a large warm-adapted group of 

chironomids, a notable reduction in Stemyefinella & a and Pagastiella is 

seen, and Sergentia, a cold-water genus,~ reaches signdicant proportions (up to 

2796) of the community composition. Heterotrissocladius also reaches levels 

comparable to its late-glacial contribution. 

Chironomus remains a dominant genus through this zone (up to 27%), 

with iWcr.otendzpes consistently malung up approximately 5% of the community. 



Other important warm-water taxa comprising this zone are Dicrotenchpes and 

Paraheffenella cf. bathophda, with Chaoborus mandibles reaching their 

greatest proporhon. 7 

Tanytarsina- (3'7%) and Prodachus (34%) again attain signdicant relative 

abundances in the mid-Holocene, and various rheophilous taxa continue to be 
b 

consistently represented in small proportions. 

Zone CC-4: 

The most recent late ~okocene sediments reveal a dramatic decrease in 

the relative contribution of warm water taxa as a group, with many genera 

becoming locally extinct and others reaching their minimum Holocene values. 

Sergentia .remains relatively abundant, with Heterot~issoclachus retaining its 

typical lat,e-glacial abundance at  the begmning and end of this interval. 

Possibly signdicant is the reappearance of Paradadzus, a strongly cold- 

stenothermous taxon (Walker et al., in press), in the late Holocene fossll 

assemblage. 

Proclachus remains a dominant faunal element, whereas Tanytarsina 

reaches its maximum extent (61%), surpassing its late-glacial assemblage 

contribution. Rheophllous taxa continue to be deposited T into the lake, although 

a shghtly less &verse group is evident in the late Holocene. 



3M Pond 

The core taken from 3M Pond contains a uniformly grey basal clay from 

65.5 - 73 cm. *Above 65.5 cm, various shades of gyttja, rangmg from black to 

ohve grey to the green surface sedments,  make up the remainder of the core. 

Mazama ash (6800 yr BP) was also present in the stratigraphy between 46 - 42 

cm. 

In adhtion to the dated tephra, two AMS radiocarbon dates were obtained 

for core chronology. Conlfer needles found at  the claylgyttja interface (66 cm) 

produced a date of 10,000 320 yr BP, correspondmg with the late- 

Pleistocene/Holocene boundary, as  expected. Simllar needles were isolated from 

24 - 26 cm (near major chironomid zone boundary), ggving a date of 3530 i 60 yr 

BP (Table 2). 9 

Changes in chironobid communities in 3M Pond can also be dlvided into , 

three Holocene zones ( ~ i b r e  5), as in Cabin Lake. Rarity of head capsules in 

the clay prevented the extraction of information regarchng the late-glacial a t  3M 

Pond. Thus, zone 3MC-1 (66 - 44 cm) represents the early Holocene, from 10,000 

yr BP t,o the time of Mazama ash deposition at  6800 yr BP. Zone 3MC-2 

encompasses the mid-Holocene from 6800 yr BP to ca. 3950 yr BP at  2'7.5 crn. 

Zone 3MC-3 represents the late Holocene, spanning ca. 3950 yr BP to present. 



Zone 3MC- 1: 

The early Holocene was dominated by Tanytarsina, malung up 

approximately 60% of the faunal assemblage. The eurythermic Psectrodadzus (7 

- 16%) and Prodadzus (up to 12%) also signficantly contribute to this 

assemblage. A distinct and &verse warm water assemblage is clearly evident, 

composed p r imady  of the tribe Pentaneurini, Chironomus, Cladopelma, 

Polvpeddum, Mcrotendpes,  Dicrotendpes, Chaoborus, and other minor 

components. Not surprisingly, a lack of cold-stenothermic chironomids is 

apparent, with only three Heterotl;issocladzus head capsules being found. *4 

very minor allochthonous contribution is possible due to the presence of 
Z 

C~icotop us/Orth ocla dz us, Coryn one uramhien emanniella, I jnm oph-yes. 

Rh eocz.lcotop us, and Zalutschia. 
---A 

.., Zone 3MC- : 

Following Mazama ash deposition, a major shlft in the faunal assemblage 

occured, with most of the warm-adapted taxa becoming locally extinct or reduced 

to a very minor component of the community. An exception to this trend is the 

rapid increase in the relative abundance of Dicrotendzpes (up to 80•‹/0), also a 

typical temperate genus. A signlficant reducticn in the relative abundances of 

Tanytarsina and Psectrocladus may be the result of decreased production or an 

artefact of the dominance of Dicrotendzpes. Again, influx data are laclung, and 



I 

so the cause of this change remains uncertain. The contributions of Prodadzus, 

C~icotopus/Ortbocladus, and Corynoneura/ThienemannieUa show httle change 

from the early Holocene. 
? 

Zone 3MC-3: 

Another major zone boundary is evident a t  27.5 cm, when Dicrotendzpes 

rapidly declines in relative abundance to near extinction. All other warm- 

adapted chironomids &sappear, with the exception of Microtendzpes, which 

persists for a short time as  a very minor faunal element. Offsetting the 

dsappearance of Dicrotendzpes is the now abundant httoral Psectrodadzus (up 

to 57%), which dominates the late Holocene along with Tanytarsina (32 - 72%). 

The emergence of cold-stenotherms ( Heterotnssocla a5 us, 

Stictochi~~onotnus. Sergentia) in this zone is signdicant, as i t  represents their 

first,appearance as a hstinct community in the Holocene sechments. 
_ i- 

Procla dz us, Czicotop us/Orth ocla d~ us, an d Coryn on eura/Thienernannieh 

remain relatively unchanged until the most recent sechments, and there again 

exists a minor rheophllous contribution, as in the early Holocene. The 

appearance of De~vtan~cyus in the late Holocene freshwater assemblage is 

surprising, as this genus is common in sahne waters. 



DISCUSSION 

Changes in chironomid assemblages through postglacial time could be the 

regult of many M e r e n t  environmental influences, but a t  Cabin Lake and 3M 

Pond on Mount stoyoma, these community shlfts can be explained by mrect or 

inchrect chmatic effects, which closely correspond to other Holocene paleochmate 

reconstructions in southwestern British Columbia. 

Cabin Lake 

Zone CC-1: 

The late-glacial midge assemblage clearly contains a signdicant cold- 

stenothermous community, includmg Paracladzus, Parahef fe~ief la  mgzsa, 

Mesoczicotopus, Stictochironom us, Protan-wus, Heterotnksoclad us, and 

Sezgentia (Figures 4 & 6a). 

Paracladzus is a characteristic genus in high arctic and alpine lakes 

(IValker, 1990; Walker et al., in press), and often is found in the cold profundal 

zone of large, deep, oligotrophic temperate lakes. This cold-stenotherm is 

largely absent from shallow ponds of arctic and alpine sites, where summer 

temperatures can be much higher than those of larger, deeper lakes nearby, and 

where winter anoxia can result from long winters and freezing of bottom waters 

(\Talker & Mathewes, 1989b). 



ParaheffeneUa n i p a  occurs widely in subarctic and arctic areas, as well 

as alpine and subalpine lakes (Walker, 1990; Walker & Mathewes, 1989b; 

Walker et al., 1992b), and in temperate latitudes is restricted to cold profundal 

zones of large, deep oligotrophic lakes (Walker et  al., 1991a; Walker & 

MacDonald, 1995). 

Mesocricotopus is typical of lugh arctic lakes and the larvae are normally 

found in ohgotrophic to mesotrophic waters (Levesque et al., 1996; Walker et al.. 

in press). Levesque et  al. (-1996) present the first positive identification of this 

genus in Canahan fossil assemblages. 

Stictochironomus also has a low optimal temperature (Walker et al., in 

press) and is most commonly associated with arctic and alpine sites, as  well as 

the deep, cold profundal waters of temperate lakes (Walker, 1990; Walker & 

Mathewes, 1989b; Walker & MacDonald, 1995), but may occur ( M e r e n t  

species?) in warmer mesotrophic waters (Szther, 1979; Walker & Mathewes, 

1989a). 

Protanbypus is simdarly widely hstributed in arctic and alpine lakes 

(Walker, 1990; Walker & Mathewes, 1989b), as well as in many deep, cold 

waters of temperate lakes (Walker & MacDonald, 1995). 

The genus Heterot~isodadzus has been identified as a common element, 

of cold water assemblages (Walker & Mathewes, 1987a,b; Walker & Mathewes, 

1989a,b,c). These midges are typical of arctic to subarctic and alpine to 



subalpine waters (Walker & Mathewes, 1989b), and are common in the deep 

profundal repons of temperate lakes. In adchtion, Heterotlissocladzus has been 
D 

shown to be well represented in late-glacial chironomid assemblages from 

8 
Bntish Columbia, New Brunswick, Wchigan and Germany (Walker & 

Mathewes, 1987a). 

Sergentia is also a cold-stenotherm (Walker et al., in press), and is often 

found under the same temperature repmes. as the above taxa. An important 

hfference with respect to most other cold-stenothermic taxa is the occurrence of 

Sergentia in mesotrophic waters (Walker, 1990; ~ e v e s ~ u e  et al., 1996). This 

genus contains hemoglobin and can thus tolerate moderate oxygen depletion due 

to the increased biologpcal oxygen demahd in moderately productive waters, or 

from winter anoxia in bottom-freezing shallow waters (Walker & Mathewes, 

1989b; Walker et al., 1991a; Levesque et al., 1996). 

This &verse cold-adapted assemblage, along with the rarity of typical 

temperate, warm water chironomids, provides evidence of a cold, late-glacial 

climate a t  this high elevation site. Alpine tundra conhtions during late-glacial 

time are also indxated by the presence of subalpinelalpine herb pollen in these 

sehments (Pellatt, 1996). 

Initially, the appearance of -an intert3sting peak of warm-adapted midges 

between 340 cm and 370 cm, within the lat+glacial cold community of Cabin 

Lake, suggested the possibihty of a shlft in ter~perature from cold to warm and 



back to cold, possibly similar to the proposed Older Dryas-Allerad-Younger 

Dryas shlfts which occurred in Europe (Wright, 1989), Atlantic Canada (Walker 

et al., 1991b; Wilson et  al., 1993), and the PacAc Northwest of North -America 
Y 

(Mathewes, 1993; Mathewes et  al., 1993). Although this interval contains two 

hstinct bands of very dark grey mixed organictinorganic material within the 

basal clay, rahocarbon dating revealed little M e r e n c e  in ages between this 

int,erval and the claylgyttja boundary at  330 cm (Table 2). Thus, a t  this time, a 

Younger Dryas-age event cannot he v e d e d  a t  this site. Higher resolution 

chironomid samphng and more dates at  this rahocarbon plateau may shed more 

hght on the nature of this apparent temperature shlft. 

Zone CC-2: 

The begnning of the Holocene is accompanied a dramatic reduction of 

cold-stenotherms, as  Sergenha and Heterotrissodadus become very rare, and 

other typical late-glacial taxa become locally extinct. The rapid hversfication 

and dominance of warm water taxa in the early Holocene suggests a shlft from 

late-glacial cold conhtions to a warm climate, which persisted to ca. 7220 yr BP 

(Figure 3). Warmer water temperatures would inhibit cold-stenothermous taxa 

from completing their Me cycles (Ohver, 1968, 1971; Danks & Oliver, 1972a,b), 

whereas the warm water taxa would u t h z e  sufficiently high temperatures 

necessary for completion of their Me cycles. 



Although it may appear that the decline of oligotrophic taxa and 

dominance of the eutrophic inchcator Chironomus suggests a eutrophication 

process in the early Holocene, it should be recalled that Cabin Lake was 

shallow. probably with legs than 7.5 m maximum depth a t  that time, and no 

inhcation of thermal stratfication is evident in the sechment. Cabin Lake was 

hkely very well mixed in the summer. Thus, i t  would be unwise to apply the 

lake typology system as  hscussed earlier to explain the chironomid community 

shift a t  the begmning of the Holocene. Kansanen and Aho (1981) and Hofmann 

(1978) explain that in unstratfied lakes bottom temperatures can be high, and 

so the cold-stenothermal deep-water species, which are usually important 

components of the oligotrophic fauna, may be absent in shallow, oligotrophic 

lakes, not  because of eutrophy and its associated summer bottom oxygen 

depletion (Hofmann, 1986, 1988; Walker, 1987), but simply due to high 

temperatures 

Hofmann (1983, 1986) notes that during late-glacial cold conhtions, the 

cold-stenothermic community common in ohgotrophic waters may have occurred 

in the httoral zone, as is observed in arctic and-subarctic lakes, and so would ndt 

reflect trophic state or oxygen conhtions in deeper waters. 

A community dominated by Chironomus usually suggests eutrophic 

conhtions, but a study of chironomids in Lake Mallasvesi, Finland, challenges 

this generalization (Kansanen et al., 1984). Lake Mallasvesi is oligotrophic to 



mesotrophic and irregularly stratfied, with high hypolimnetic temperatures in 

both summer and wint,er. Thus, rather than inhcating trophic state, the 

Chironomus community reflects climatic conchtions, either hrectly through 

temperature effects on the larvae, or indwectly a s  high temperatures would 

cause increased oxygen consumption and lead to decreased oxygen concentration 

in deep waters (Kansanen et al., 1984). 

Pellatt's (1996) vegetation analysis of Cabin Lake postglacial sechments 

reveals total pollen concentrations at  their highest in the early Holocene. High 
a 

extra-local or regronal transport of dlploxylon pine and Mnus vilzds pollen 

suggest that openldry conhtions existed around Cabin Lake in the early 

Holocene. Relatively high values of Plcea, haploxylon pine, Artemisia, - and  

Poaceae pollen support this hypothesis (Pellatt, 1996). Thus, agreement of the 

paleoclimate reconsthction (with respect to temperature) using fossll vegetation 

and chironomid community composition is consistent with coastal British 

Columbia's early Holocene xerothermic period (Mathewes, 1973, 1985; 

Mathewes & Heusser, 1981; Hebda, 1995). 

Zone CC-3: 

The chironomid zone encompassing the mid-Holocene (ca. 7220 yr BP to 

ca. 3210 yr BP) supports a well defined warm water chironomid community, 

although there is a significant decrease in the relative abundances of 



StempellineUa/Zavrelia and Pagastiella (Figure 4). The contemporaneous 

presence of the cold-stenotherm Sergentia appears to be contradxtory to the 

&verse warm-adapted community in the shallow, unstratfied lake. 

In considering temperature requirements alone, it appears that  the 

reduction in some warm water taxa and prominence of Sergentia (and to a small 

extent Heterotrissocladus) suggests cooling following the early Holocene (Zone 

CC-2), but warmer than present. The most probable explanation for the 

apparently dscrepant coexistence of cold and warm water taxa centers on the 

fact that Cabin Lake is shallow and situated a t  a high elevation. Walker and 

Mathewes (1989b) compare taxa common in lakes versus shallow ponds of the 

arctic and high elevations. Cold-stenotherms such as those prevalent in Cabin 

Lake's late-glacial sehments  are typical of the deeper basins, whereas a 

completely ddferent community is found in shallow ponds, includmg 

Chi~~on om us, Cricotop us/Orthoclad us, Proclad us, Psectroclad ns, Tanyt arsini , 

and Se~gent ia  (note these taxa throughout zone CC-3). In these shallow waters, 

bottom freezing in the winter often leads to anoxia (Walker, 1985; Walker & 

Mathewes, 1989b; Walker et al., 1991a), which would exclude cold-stenotherms 

that require the high oxygen concentrations found in oligotrophic waters. 

Sergentia, in contrast, thrives in cold waters with moderate oxygen depletion 

(Walker, 1990). riming of development also is important in explaining the 

coexistence of both cold and warm water taxa, as  cold-adapted taxa grow most 



predominantly and quickly in winter, whereas warm-adapted chironomids grow 

more rapidly through the summer (Oliver, 1 9 1 ;  a l e  1987). Therefore, the 

M e r e n t  developmental timing patterns can allow Sergentia and the various 

warm water taxa to inhabit Cabin Lake in any pven year. 

Another climatic factor which could contribute to winter anoxia in Cabin 

% 
Lake during the mid-Holocene is increased precipitation. Although not 

hscernible from the chironomid assemblage hrectly, more precipitation would 
d 

produce greater snow pack on the lake and lead to longer winter conhtions, as 

the time required for the snow to melt would be extended and anoxic conchtions 

would persist for a longer period. A small but more &verse assemblage of 

rheophllous taxa in this zone may suggest increased precipitation, as a greater 

volume of melting snow from higher elevations could carry more stream taxa 

into Cabin Lake. 

The presence of pollen types indxative of relatively wet conhtions (i.e., 

--lbies, Cyperaceae, Ericales) reveal that conhtions were wetter during the mid- 

Holocene than in the late-glacial or early Holocene a t  Cabin Lake (Pellatt, 

1996). In adchtion, high pollen concentrations and low sprucelpine ratios 

in&cate a climate warmer than present, whlle an increase in some subalpine 

taxa suggests a decrease in temperature with respect to the early Holocene 

(Pellatt, 1996). Therefore, the chironomids and vegetation a t  Cabin Lake both 



inhcate  a climate that  corresponds with the mesothermic pe,riod noted in 

southwestern Britlsh Columbia (Hebda, 1995). 

Pellatt (1996) hstinguishes a second pollen zone in the more recent 

secbments of chironomid zone CC-3, as typical subalpine vegetation becomes 

established and further decrease in temperature is inferred. ~ h ' i s  continued 

coohng of the latter part of the mid-Holocene is not as obvious in the chironomid 

stratigraphy, although the cold-stenotherm Heterotzissocladrus becomes more 

abundant and the relative contribution of Chironomus declines. As Pellatt 

(1996) suggests, the mid-Holocene may have been a time of continued gradual 

coohng rather than a stable temperature rltate, and this is evident from the 
, 

chironomid profile although further zones are not as  hstinct. Higher resolution 

chironomid sampling may have better illustrated this subtle trend. 

Zone CC-4: 

The late Holocene (ca. 3210 yr BP to present) brought a further reduction 

in the relative abundances of the warm water taxa, as  many genera become 
- 

locally extinct and others reach their lowest Holocene values (Figure 4). 

Conversely, the cold-stenothermous Sergentia and Heter.otzs'ssocladzrs 

essentially retain their mid-Holocene community contributions, and 

Pa~zdadzus, although rare, appears again for the first time since the late 

glacial. 



This sign&cant change in the chironomid assemblage suggests further 

coohng in the late Holocene, and is consistent in timing to glacial advances in 

the Canahan  Rocky Mountains, Coast Mountains, and northern Cascade 

Mountains (Porter & Denton, 1967; Ryder & Thomson, 1986; Luckman et al., 

1993). 

Although the late Holocene appears to represent a dscrete climate state 

based on chironomid temperature inferences, Pellatt (1996) further subdvides 

this period based on vegetation changes. 

3M Pond 

Zone 3MC-1: 

The first chironomid assemblage zone in 3M Pond sedments  corresponds 

to the early Holocene (ca. 10,000 to 6800 yr BP), since a late-glacial community 

was not found Figure  5). The most prominent feature of the early Holocene 

~ l t h  respect to paleochmatic reconstruction is the &verse warm water midge 

community and absence of cold-stenotherms. Clearly, the water of 3M Pond was 

quite warm to support this assemblage. With a maximum depth of less than 1.7 

m during this time, the shallow waters would warm very quickly after the snow 

and ice melt, and likely attain sufficiently high temperatures to exclude cold 

water taxa (Hofmann, 1983; Kansanen & Aho, 1981; Kansanen, 1985; Walker & 

Paterson. 1983). 



Pollen and plant macrofossil analyses of early Holocene sediments 

inhcate  relatively dry conchtions, but inhcators of warm temperatures, other 

than high pollen concentrations, are lacking (Pellatt, 1996). Taken together, 

palynolo~cal  and chironomid evidence suggest that the early Holocene was 

warm and dry from 10,000 yr BP until the the time of Mazama ash deposition, 

coincid?ng with the observed xerothermic in coastal British Columbia 

(Mathewes, 1985; Hebda, 1995) and the southern interior of British Columbia 

(Mathewes & Kmg, 1989; Hebda, 1995). 

- .  Zone 3MC-2: 

The dramatic shlft in chironomid community composition following 

Mazama ash deposition involves the local extinction of most warm water taxa, 

with the exception of the rapid and substantial increase in relative abundance of 

the warm-adapted Dicrotendpes (Figure 5). This major change does not include 

the appearance of cold-sienothermous taxa, but the decreased hversity, 

especially involving warm water chironomids, may indxate cooling. 

Hoffman et al. (1996) have shown that the number of nearshore 

macroinvertebrate taxa is positively correlated to water temperature and 

inversely related to elevation in lakes of Washington's North Cascades National 

Park Service Complex. Low elevation forest lakes were found to have the 



highest number of taxa and highest maximum lake temperatures, whereas 
\ 

alpine sites had lowest number of taxa and lowest rnaximhm temperatures. 

Walker and Mathewes (1989b) inhcate  that  a decrease in chironomid 

dversity with increasing elevation in coastal British Columbia may reflect a 

rklat,ionship between hversity and temperature, although they warn against 

uncautious interpretations based on assemblage hversity alone. Smol (1981) 

suggests great care in malung pdeoecolog~cal interpretations of hversity 

measures, preferring that interpretations be based on the ecology of specific 

taxa. Recall that in the case of 3M Pond, the loss of hversit,y involves warm 

water taxa specfically. 

Thorp and Chesser (1983), in their study of larval midges in a coohng 

reservoir in South Carolina, show that water temperature was the 

environmental factor most strongly associated with changes in chironomid 

assemblage hversity, with a signficant relationship between hversity and 

average and maximum water temperatures. More recently, Levesque et al. 

(1996) found that both chironomid species richness and hversity were lowest 

during the coldest parts of the late-glacial (following deglaciation and during the 

Younger Dryas) in four  New Brunswick lakes, whereas during the warmer 

penods richness and hversity were higher. 

Consistent with this interpretation, Pellatt (1996) infers mid-Holocene 

temperatures as warmer than present from plant macrofossils and high levels of 



local conlfer pollen, but cooler than in the early Holocene. Thus, the chironomid 

and vegetation compositions within this zone correspond well with Hebda's 

(1995) mesothermic period. 

The reason for the dominance of Dicrotendpes over the other warm water 

taxa is not clear. The majority of this genus' larvae are found on the surface of 

aquatic vegetation, and among vegetation on rocks, logs, or similar substrata 

(Epler, 1988). The larvae also feed on a great variety of organic substrates, from 

coarse to fine detrital particles, to algae and vascular plants (Coffman, 1984). A 

possible explanation for the success of Dicrotendpes after the deposition of 

Mazama ash may concern habitat and food choices. The accumulation of 

volcanic ash in the shallow basin of 3M Pond could have greatly hsturbed most 

habitats in which chironomid larvae were living, but Dicrotendpes was 

relatively less affected than the other taxa at  this time. This may have been due 

to the flexibhty of food types and the a b h t y  of the larvae to live on the large 

surface area of vegetation rather than hrectly on the sedment  surface. 

Tokeshi (1995) reports that  for epiphytic species in one study, the time to 

reach 95% of the mean natural density after complete denudation of a 

macrophyte habitat was less than two weeks, and Davies (1976) reviews that in 

iTolta Lake, the Chironomidae, and specfically Dicrotendpes, dominated the 
* .  

colonization of new substrates wit,hin 25 days. 



Although 3M Pond &d not support a large macrophyte community 
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throughout the Holocene. Pellatt (1996) found that the number of Carex seeds 

increased at  approximately 6800 yr BP, with a complimentary increase in 

Cyperaceae (sedge) pollen percentages a t  this time. Sedges would have been 

growing on the margms of 3M Pond, and it is likely that many plants were 

partly submerged. If this was the case, the larvae of Dicrotendzpes would have 

had the habitat avadabhty necessary to be relatively less affected by hsruption 

as a result of Mazama ash deposition. An expanded knowledge of the ecology of 

each chironomid species is necessary to support this type of interpretation of 

community changes. 

Zone 3MC-3: 

The main shlft in chironomid assemblages between the middle and late 

Holocene occurred at 28 cm in the core (ca. 3950 yr BP) (Figure 5). This change 

involved t,he dramatic reduction in Dicrotendpes relative abundance, which was 

replaced primarily by the eurythermic Psectrocladus. Thus, the late Holocene 

assemblage contained few warm water taxa, with Dicrotendzpes and 

i2f ic~.oten~pes persisting very rarely and sporadxally. Accompanying this trend 

is the appearance of a cold-stenothermic community which includes Sergentia, 

Stictochir.onomus, and Hete~.otrissocladus. Although the cold-stenotherms are 

not a dominant group in terms of the community as a whole, their presence, 



along with the hsappearance of warm-adapted taxa, inhcates cooling in the late 

Holocene. 

The timing of this shlft in the community coincides, as  at  Cabin Lake, 

with the timing of glacial advances in northwestern North America (Porter & 

Denton, 1967; Ryder & Thomson, 1986). As the climate cooled a t  3M Pond, 

water temperatures would have decreased, causing the exclusion of chironomid 

larvae with high temperature optima and tolerances, attaining cool enough 
v- 

summer temperatures to support cold-stenothermal taxa. This correlates well 

with the cool, modern subalpine conhtions inhcated by decreased needle 

abundance and hversity, and decreased local pollen productivity at  the site 

after ca. 3530 yr BP (Pellatt, 1996). 

CONCLUSIONS 

In viewing the changes in chironomid assemblages and vegetation at  both 

Cabin Lake and 3M Pond since the late-glacial, a clear correlation in the timing 

of these shlfts becomes apparent (Figure 7). 

The late-glacial cold-stenothermal chironomid community found in the 

Cabin Lake basal sechments, along with the rarity of temperate taxa, inhcates 

cold conhtions before ca. 10,000 yr BP. After this time, hverse warm water 

chironomid assemblages comprise a signdicant proportion of the communities at  

P Cabin Lake and 3M Pond, corresponhng to the warm early Holocene 
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Figure 7 :  Comparison in timing of zone changes for chironomids 
and vegetation at  Cabin ~ a k g a n d  3M Pond. 

Note: Approximate dates of zone boundaries were interpolated 
through regression analysis (Grimm, 1993). 



xerothermic period (Mathewes, 1985). Palynolog.lcal evidence from Cabin Lake 

(Pellatt, 1996) suggests that thls shlft from late-glacial cold to early Holocene 

warm (and dry) conhtions lagged behind the midge response by approximately 

700 years (ca. 9320 yr BP). Pollen and macrofossil changes a t  3M Pond occur at  

ca. 10,000 yr BP, suggesting a climate-related vegetation change at  the more 

sensitive higher elevation site about 700 years prior to the lower elevation site. 

The early Holocene xerothermic period persisted to ca. 7220 yr  BP at  

Cabin Lake, a t  which time cooling is inhcated by an increase in cold- 

stenotherms and a reduction in temperate midge taxa. At 3M Pond, the major 

decrease in relative abundance of warm-adapted chironomids occurred slightly 

later, at  ca. 6800 yr BP. Evidence from pollen indxates local vegetation changes 

correspondmg pr imady  to increasing moisture at  ca. 6800 yr BP a t  3M Pond 

and ca. 7000 yr BP at  Cabin Lake (Pellatt, 1996). The midge-inferred coohng 

and vegetation changes inhcative of increasing moisture closely correspond to 

the timing of the mesothermic period found in coastal and southwestern interior 

British Columbia sites (Hebda, 1995). 

The termination of the mesothermic appears to be somewhat time- 

transgressive. Earliest indxations of possible slight cooling are found in the 

Cabin Lake pollen assemblage at ca. 4800 yr BP, although a more dramatic drop 

in temperature is evident a t  ca. 2410 yr BP (Pellatt, 1996). Chironomid evidence 

suggests increasing coohng a t  ca. 3210 yr BP at  Cabin Lake, and slightly earlier 



at ca. 3950 yr BP a t  3M Pond. Vegetation response lagged-behind chironomid 

response a t  3M Pond , where shlfts in pollen a t  ca. 28'70 yr BP and plant 

P 

macrofosslls at  ca. 3530 yr BP indxate decreasing temperatures (Pellatt, 1996). 

The timing of the mesothermic period's termination at;Cabin Lake and 

3M Pond coincides with Neoglacial advances. The nedemann advances on the 

Coast Mountains of British Columbia have been dated a t  approximately 3345 yr 

BP to 1300 yr BP @yder and Thomson, 1986), while the Burroughs Mountain 

Sta"de moraines of the Cascade Range were bullt ca. 3500 yr BP (Porter and 

Denton, 1967). In the Rocky Mountains, the Peyto, Robson, Yoho and 

Saskatchewan glaciers advanced between ca. 3300 yr BP and 2800 yr BP 

(Luckman et al., 1993). Earher inhcations of coohng have, been outhned for the 

Roclues at  ca. 5000 yr BP (Luckman et al., 1993), the Coast Mountains a t  ca. 

. 6000 yr BP (Garibalh phase; Ryder and Thomson, 1986), and the Southern 

Cascade Glacier of the northern Cascade Mountains at  ca, 4700 yr BP (Porter 

and Denton, 1967) 

As Porter and Denton (196'7) and Ryder and Thomson (1986) point out, 

the transition from relatively warm conhtions of the early to mid Holocene to 

cooler and moister conhtions was prolonged up to 2000 years, and the timing of 

the start of glacial advances varied re~o 'na l ly .  Therefore, although the 

mesothermic period in southwestern British Columbia indxates wetter and 

shghtly cooler conhtions than the early Holocene xerothermic, its timing of 



termination with Neoglaciation cannot be generahzed throughout this entire 

repon. L 

In summary, this study has shown that the Chironomidae are valuable in 

paleoclimatic reconstructions a t  sensitive high elevation sites, and that response 

times of midge communities to temperature changes are generally shorter than 

that of vegetation, as  would be expected by the mobhty and much shorter Me 

cycles of chironomids. Similarities in the timing 'of vegetation and chironomid 

community changes on Mount Stoyoma, and their correlation with inferred 

climate shlfts at  other southwestern interior and coastal British Columbia sites 

clearly dlustrate that  shallow lakes a t  elevational treeline ecotone boundaries 

are very useful areas for future paleoclimatic s tuhes  involving chironomid- 

inferred temperature changes. 
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