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ABSTRACT 

The ecology and d i s t r i b u t i o n  o f  chironomids, and t h e i r  va lue  as 

pa laeoeco log ica l  i n d i c a t o r s  f o r  shal low,  humic waters i s  assessed. A 

survey o f  the  present  benthos of humic l akes  and peat  pools i s  pruv ided,  

as a r e  more d e t a i l e d  s tud ies  o f  ch i ronomid ecology i n  f o u r  o f  these 

h a b i t a t s .  A comparison o f  ch i ronomid biocenoses w i t h  t h e  

thanatocenoses o f  s u r f i c i a l  sediments i s  made. 

The r e s u l t s  i n d i c a t e  a sharp d i f f e r e n t i a t i o n  between t h e  chi ronomid 

fauna o f  pea t  poo ls  and most l akes .  Peat poo ls  a r e  d i s t i n g u i s h e d  by t h e  

abundance o f  Psec t roc lad i  us, M o n o ~ s e c t r o c l a d i  us, Chi ronomus, Ablabesmvia, 

and/or  z a l u t s c h i a .  I n  most lakes,  Proc lad ius  and/or Tanvtarsus dominate. 

The fauna o f  s t r o n g l y  a c i d  l akes  i s  d i s t i n g u i s h e d  f rom l e s s  a c i d  l a k e s  

n o t  by  t h e i r  ch i ronomid fauna, b u t  by t h e  presence o f  Chaoborus, and 

absence o f  Ephemroptera,  H i rud inea,  and Amphipoda. The n a t u r a l  

succession o f  these lakes,  as a r e s u l t  o f  gradual encroachment by S~haanum 

bogs, i s  frm a weakly-ac id l ake ,  through a s t r o n g l y - a c i d i c  phase. 

Eventua l ly ,  c o n d i t i o n s  approach those o f  a peat-pool environment. The 

value o f  t h e  Chironomidae as palaeoecoloc j ica l  i n d i c a t o r s  i s  l i m i t e d  by 

the  poor p rese rva t i on  o f  p r o c l a d i u s ,  ex tens i ve  m i x i n g  o f  sediments, and 

s t a b i l i t y  o f  t h e  chi ronomid fauna over  a broad environmental g rad ien t .  
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In 1980 the  auth 

I. Introduction 

ior (Walker 1980) conducted a palae ~olimnoloqical 

investigation of Wood's Pond, a shallow, polyhumic lake in  southeastern 

Hew Brunswick, Canada. Employing chi ronomi ds as palaeolimnologi cal  

indicators ,  i t  was possible t o  discern,  within the  sediments, d i s t i n c t  

fauna1 zones. Corresponding segments had been defined w i t h i n  a 

pollen diagram, and a t ena t ive  i n t e rp re t a t i on  linked the  l ake ' s  

ontogeny to  regional f o r e s t  changes. Unfortunately bas ic  ecological  

data f o r  chironomids of shallow humic waters were lacking and l i t t l e  

was known concerning the  representation of chironomid communities as 

subfossil  assemblages i n  lake sediments. 

To f a c i l i t a t e  i n t e rp re t a t i on  of core data i n  f u r the r  analyses,  

the  present invest igat ion was i n i t i a t e d .  Three object ives  were 

defined: 

1) To assess  the  proposed benthic c l a s s i f i c a t i o n s  

of Brundin (1949, 1956), Saether (1975, 1979) and other 

authors,  thereby es tab l i sh ing  whether the  cause-effect  

re la t ionsh ips  alluded t o  in  the au thor ' s  e a r l i e r  re- 

search (Walker 1980) were cor rec t .  

2)  To document aspects  of chironomid ecology in  

a s e r i e s  of shallow, acid  lakes believed to  represent  

s tages  i n  dystrophic lake succession. 

3)  To examine the  representation of ex tan t  

chironomid communties as subfossi l  assemblages in 

the  sediments of shallow, humic waters. 



2 

Numerous invest igators  have sought t o  c lass i fy  lakes on the basis 

of t h e i r  benthic fauna. Thienemann (1918) had conceived his  B a l t i c  and 

sub-alpine types on d i s t i nc t ions  i n  t h e i r  chiroi-iomid fauna. These 

Thienemann (1921) l a t e r  equated w i t h  Naumann's (1919) eutrophic and 

oligotrophic c lasses .  Tanytarsus and Chironomus were respect ively,  

associated w i t h  sub-alpine (ol igotrophic)  and B a l t i c  (eutrophic)  waters. 

Chironomus was a l so  noted to  dominate i n  humic (dystrophic) waters. 

Numerous authors (Aim 1922; Brundin 1949; Miyadi 1933; Pesta 

1929) proposed s l i g h t  modifications t o  t h i s  scheme, or  proposed 

e n t i r e l y  new c l a s s i f i ca t ions .  Lundbeck (1926) introduced the f i r s t  

two-dimensional benthic c l a s s i f i ca t ion .  Each associat ion was 

considered ind ica t ive  of a region defined by axes of productivity 

and degree of dystrophy. Decksbach (1929) recognized Sergentia (now 

par t  of Phaenopsectra) and Stictochironomus a s  mesotrophic indicators .  

I t  was Brundin (1949, 1951, 1956) who f i r s t  re jec ted  the generaliza- 

t ion t h a t  members of a chironomid genus could be considered ecological 

equivalents. Saether (19751, however, has s ince argued t h a t  where one 

expected species of chironomid i s  not present i n  a  lake,  i t  wi l l  

usually be replaced by a closely re la ted taxon. The Chironomus of 

European dystrophic waters Brundin (1949, 1956) discovered was not  - C. 

plumosus o r  - C. anthracinus but a new species which he described as C. 

tenuistylus.  - C.  tenuis tylus  (Saether 1979) is a pa laearc t ic  species.  

In North America Deevey (1941) i den t i f i ed  lakes i n  Connecticut 

which. appeared t o  f i t  t he  Chironomus. and Tanytarsus types of Europe. 

He, however, a lso included a Trissocladi us (probaby now Zalutschia) 

type of uncertain t rophic  s t a tu s .  

Many inves t iga tors ,  including Brundin (1g49, 1951) and Stahl 



(1959) emphasized the  importance of hypolimnetic oxygen regimes i n  de- 

termining chironomid associat ions .  In h i s  e a r l i e s t  c l a s s i f i ca t ion ,  

Brundin (1949) recognized a division between s t r a t i f i e d  polyhumic 

lakes,  and mesohunic o r  polymictic-polyhumic lakes. Previously, 

benthic chironomid c l a s s i f i ca t ions  had been l imited to  s t r a t i f i e d  

waters. Brundin considered Chironomus tenuis ty lus ,  Trissocladius 

naumanni (now Zalutschi a zalutschi co l a ) ,  and Sergentia lonqiventr is  

indicat ive of s t r a t i f i e d  polyhumic waters. All o ther  dystrophic 

waters had a S t i  ctochi ronomus rosenscholdi - Tanytarsini associat ion,  

from which the Tanytarsini disappeared a t  high humic concentrations. 

Few contributions t o  benthic c l a s s i f i ca t ions  have s ince been 

made. Saether (1979) reviewed the ecological d i s t r ibu t ions  of various 

Chironomidae and defined a s e r i e s  of associat ions  f o r  harmonic waters. 

Saether demonstrated an exce l len t  correla t ion between h i s  associat ions  

and both chlorophyll and t o t a l  phosphorous. He concluded t h a t  such a 

scheme could not y e t  be extended t o  mesohumfc o r  polyhumic lakes.  

He, however, considered Zalutschia one of t he  bes t  ind ica tors  of humic 

conditions. Studies of ac id i f ied  lakes in Scandanavia (Mossberg and 

Nyberg 1979; Hhiteside and Lindegaard 1982; !Â¥liederhol and Eriksson 

1977) have found the taxa Chironomus, Psectrocladius,  and Zalutschia 

zalutschicola  t o  be most abundant. 

Recent s tud ies  of the  benthos of humic waters (C la i r  pers. comm.; 

Kreamer 1980) have revealed associat ions  which do not appear t o  conform 

t o  the c l a s s i f i ca t ions  previously proposed. These s tud ie s ,  and those 

of Saether (1979) and Raddum and Saether (1981) emphasize our poor 



understanding of h u m  c lake C h i  ronomi dae. 

Although ea r ly  limnologists speculated as t o  the ontogeny of 

lake ecosystems, the  documentation of t rophic  h i s t o r i e s  was the 

realm of palaeoecologists .  Andersen (1938) speculated t h a t  subfossi l  

Chironmidae could po ten t ia l ly  provide clues t o  lake conditions a s  

valuable as pollen had t o  f o r e s t  composition. This goal has no t  y e t  

been real ized.  Chironomid analysis  has lagged behind the  use of 

d i  atoms. 

Chironomid remains have long been known from the  sediments of lakes 

(Andersen 1938; Deevey 1937; Ekman 1915; Gams 1927; Lundbeck 1926; 

lililliams e t  a l .  1981). The f i r s t  ser ious  at tempt t o  employ chironomids 

as palaeoecological indicators  was made by Stahl (1959). Later 

researchers (Alhonen e t  a l .  1969; Bryce 1962; Carter 1977; Czeczuga 

e t  a l .  1979; Goulden 1964; Hiederholm 1979; Hiederholm and Eriksson 

1979) conducted s imi l a r  s tud ies  documenting the  evolution of lakes 

from oligotrophy toward eutrophy. Although t h i s  aging process i s  now 

generally perceived, i t  i s  contrary t o  Naumann's (1919) o r ig ina l  

speculation t h a t  lakes should become l e s s  productive as a r e s u l t  of 

leaching processes. 

In r e l a t i on  t o  s a l i n i t y ,  subfossi l  chironomids (Paterson 

and Walker 1974) have been s tudied i n  one Australian lake. C la i r  and 

Paterson (1976) noted the  e f f e c t s  of a sa l t -water  in t rusion upon 

chi ronornids. The recent  de ta i led  chironomi d analyses of Hofmann (1971) 

and Warwick (1980) provided a new standard aga ins t  which fu ture  work 

may be judged. Warwick's (1980) palaeolimnological study of the  Bay 



o f  Q u i n t e  appears t o  have i n f l uenced  Sae the r ' s  (1979) proposed associa- 

t i o n s  of e x t a n t  chironomids. A  s i n g l e  s tudy  (Henr ikson e t  a l .  1982) 

has examined chi ronomid succession i n  response t o  r e c e n t  a c i d i f i c a t i o n  

o f  an o l i g o t r o p h i c  lake.  

P r i o r  t o  I o v i n o  (1975) t h e  problem o f  r e p r e s e n t a t i o n  o f  e x t a n t  

communities as s u b f o s s i l s  was ignored. Al though e a r l y  i n s t a r s  were 

g r e a t l y  under-represented, I o v i n o  concluded t h a t  ch i ronomid remains 

g e n e r a l l y  were accurate rep resen ta t i ons  o f  t h e  e x t a n t  communities. 

R e d i s t r i b u t i o n  o f  head capsules i n  shal low-water  systems appeared as 

a  p o t e n t i a l  f law.  Th is  i s  c e r t a i n l y  t r u e  where seasonal f l o o d i n g  o f  

impoundments (Hicks 1977; Ward 1980) r e s u l t s  i n  ex tens i ve  sediment 

d is turbance.  For  most n a t u r a l  s i t u a t i o n s ,  i t  pl ight  however be argued 

t h a t  r e d e p o s i t i o n  o f  s u b f o s s i l  Chironomidae i n  ad jacen t  reg ions  serves 

t o  i n t e g r a t e  t h e  thanatocenoses. Thus, p a r t i c u l a r l y  f o r  sha l l ow  lakes ,  

r e d i s t r i b u t i o n  n i g h t  prove advantageous. 

As p r e v i o u s l y  s ta ted ,  t h e  p resen t  i n v e s t i g a t i o n  poses two 

p r i n c i p a l  quest ions.  Are t h e  proposed b e n t h i c  c l a s s i f i c a t i o n s  v a l i d  

f o r  shal low, humic lakes? How a r e  t h e  e x t a n t  c o r n u n i t i e s  represented 

as s u b f o s s i l s  i n  t h e  sediments? The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  

assess t h e  va lue  o f  ch i  ronomi ds as palaeoecologi  c a l  i n d i c a t o r s  f o r  

shal low,  humic waters. 



11. Methods 

2.1 Assessment of Benthic Class i f ica t ions  

To assess  the  value of the  proposed c l a s s i f i c a t i o n s ,  a survey of 

the benthos of 29 lakes and ponds i n  eas te rn  New Brunswick and adjacent 

Nova Scot ia  was conducted during the  i c e  f r e e  period o f  1980, 1981, and 

1982. Samples were col lected from a canoe using a corer developed 

f o r  sampling the  s o f t  sediments of humic lakes (Fig. 1 ) .  The 

or ig ina l  design was modified s l i g h t l y  over the  period of sampling. 

The addit ion of a sharpened s t e e l  c o l l a r  surrounding the  mouth of the 

corer in  June 1981, s l i g h t l y  increased the  area (10%) sampled, b u t  

protected the  plexiglas  cylinder of the  corer  and improved i t s  pene- 

t r a t i o n  of hard subs t ra tes .  The corer was manipulated from attached 

rods in  shallow waters. In deeper waters (>2 t o  2.5 m) the  corer ,  

w i t h  rods attached,was lowered by rope and would penetra te  t he  sed i -  

ments with i t s  own weight. Coarse sand and wood p a r t i c l e s  were 

sampled with d i f f i c u l t y .  Providing a l a rge r  opening a t  the  upper end 

of the  cylinder might have improved i t s  sampling performance on most 

subs t ra tes .  This would have eliminated pressure waves (Brinkhurs t  

1967, 1974) which might be created a t  the mouth of the  corer  i f  

allowed t o  drop too quickly. 

Normally, 15 benthic samples were co l lec ted  from each lake per 

v i s i t .  Usually only a s ing l e  v i s i t  was made. The sampling s i t e s  

were d i s t r i bu t ed  throughout the  lakes surveyed, and not normally 

randomly assigned. To reduce sor t ing  time only the upper 10 t o  15 cm 

6 



Figure 1. Core sampler used f o r  co l lec t ing  

benthic samples. (Lid,  w i t h  foam 

rubber s e a l ,  i s  closed by e l a s t i c  

following pull  on " t r i gge r "  rope.) 





of sediment were retained.  Few inver tebra tes  would oenetra te  t o  g rea t e r  

depths (Berg 1938; Cole 1953; Kajak and Dusoje 1971). Observations 

of cha rac t e r i s t i c s  of these lakes a r e  summarized in  Table 1. 

Temperature and percent oxygen sa tura t ion  were of ten determined, 

b u t  inev i tab le  problems,including broken thermometers and malfunctions 

of t h e  oxygen meter (E.I.L. model 1520) f r u s t r a t e d  attempts to c o l l e c t  

such data.  The value of such data i s  l imited due t o  the  v a r i a b i l i t y  

of weather condi t ions ,  season, and the  time of day during sampling. 

Most t r i p s  were l imited t o  warm, sunny days with l i t t l e  wind. 

Obviously, conditions observed during v i s i t s  t o  many of the  lakes might 

be very d i f f e r e n t  a t  n igh t  o r  on cold,  wet, overcast  days with strong 

winds. 

Benthic samples were sor ted  as soon as possible a f t e r  co l l ec t i on ,  

usually the  same day. Excess water was removed from the samples by 

a1 lowing the  samples t o  s i t  in a 355 w\ s ieve.  Active sieving proved 

too time consuming and was only employed f o r  inorganic sediments. The 

benthic inver tebrates  were f loa ted  i n  white enamelled pans w i t h  a 

nearly sa tura ted  MgS04 solut ion.  Aggregates of organic deb r i s ,  

including tubes,  sediment bound by roo t s ,  wood, e t c .  were broken. 

The surface of the  MgS04 solut ion was care fu l ly  examined f o r  inver te-  

brates.  I n i t i a l  clouding of the  surface by f l occu len t  organic 

material  usually diss ipated within ninutes  a s  t h i s  material  sank. 

MgS04 so lu t ions  f l o a t  inver tebrates  f o r  more than 30 minutes 

(Flannagan 1973). Samples were examined several  times and were not 



discarded unt i l  no fu r the r  inver tebrates  were found. Any tubes re- 

maining i n t a c t  were examined f o r  larval  chironomids. Floatation 

techniques such as  t h i s  provide the only pract ical  method of sor t ing  

such subs t ra tes  (Anderson 1959) and recover most ( 80%) of t he  

chironomids present (Kreamer 1980; McLachlan and McLachlan 1975). 

Chironomi ds were mounted on s l i d e s  i n  ACS medi urn (Sear le  

Diagnostic, High Wycombe, Bucks, England) and iden t i f i ed  t o  genus. 

The taxonomy follows Hamilton e t  a l .  (1969). Notes were kept on the 

occurrence of other inver tebrates .  These were then preserved i n  10% 

formalin f o r  fu tu re  i den t i f i ca t ion .  

Two water samples were col lected from each l ake ' s  surface.  

Water samples were used f o r  determinations of pH, colour, and con- 

duct ivi ty .  Colour was determined using a Hach (model CO-1) visual 

colourimeter, a Fisher Accumet Model 220 pH meter was employed f o r  oH 

determinations. Conductivity was determined a t  23 degrees C using a 

Radiometer type CDM 2c conductivity meter. A t  low pH a conductivity 

correction (Sjors  1950) was calculated t o  assess hydrogen ion a c t i -  

v i ty .  

Principal component ordination o f f e r s  methods of constructing 

c l a s s i f i ca t ions  of benthic communities. These methods have frequent ly  

been employed, y e t  the se lec t ion  of su i t ab l e  measures of dis tance 

remains a subject ive problem. For the present invest igat ion,  a 

distance matrix f o r  the r e l a t i v e  abundances ( a s  a %) was calculated,  

following transformation (In  %+l)  using the BASIC program EUCD of 



Orloci (1975). Euclidean dis tances  were calculated between the  lake 

vectors. This matrix provided measures of dis tance necessary f o r  O r l o c i ' s  

program PCAD, which performs D algorithm of pr incipal  component 

ordination.  

2.2 Detailed Studies  of Benthic Ecology 

Of the l e n t i c  hab i t a t s  surveyed, four  were se lec ted  f o r  a 

de ta i led  invest igat ion of t h e i r  present chironomid larval  populations. 

A comparison of these ex tan t  communities was a l s o  made w i t h  subfossi l  

remains present i n  t h e i r  s u r f i c i a l  sediments. The four  waters 

se lec ted  were Hood's Pond, Portey Pond, Folly (Smith) Lake, and Fox 

Creek (Melanson Sett lement)  Lake. The th r ee  l a t t e r  lakes were se lec ted  

not only f o r  t h e i r  proximity t o  Mount Allison University i n  Sackvi l l e ,  

N.B. ,  b u t  a l s o  because t h e i r  current  s t a t e  may well r e f l e c t  d i f f e r e n t  

s tages  in  the  development of Wood's Pond. These lakes represent  a 

gradient  i n  terms of pH, colour, conductivity,  oxygen a v a i l a b i l i t y ,  

macrophyte development, a r ea ,  and depth (Table 1 ) .  

Each of these four  lakes were v i s i t e d  twice each month through 

the  period June 1,  1980 to  August 30, 1980. Sampling was continued 

a t  monthly i n t e rva l s  f o r  the  period April 15, 1981 t o  December 5 ,  1981. 

During the  1981-82 winter ,  sampling was r e s t r i c t e d  t o  one v i s i t  in  

mid-March. On each sampling da te  15 samples were taken from the  

same, randomly as-signed s i t e s .  Methods f o r  sampling, so r t i ng ,  

i den t i f i ca t i on ,  and chemistry followed those out l ined f o r  the  lake 

survey. In May of 1981 water samples were col lected f o r  determinations 

of phosphorous, n i t rogen,  and carbon. Analyses of these water samples 



sample o f  sediment i n t o  the tubing. For Wood's Pond and Portey Pond 

extant  associat ions  were a l so  compared with subfoss i l s  in  t he  upper 

were performed by the Water Qua l i t y  Branch, Inland Waters Directorate ,  

Environment Canada, Moncton , N.B. 

2.3  Thanatocenoses - Biocenoses Comparison 

For comparison of extant  and subfossi l  assoc ia t ions ,  the data on 

the r e l a t i v e  abundance of chironomid species obtained above were 

compared w i t h  the subfossi 1s recovered from the surf i c i a l  sediments 

a t  f i ve  of the f i f t e e n  sampling s i t e s .  Sand and s i l t  s i t e s  were 

avoided. The s u r f i c i a l  sediments were col lected in t he  core sampler 

described previously. As the corer and sample were about t o  be 

l i f t e d  from the water,  the  mouth of the corer was blocked, and t h e ' s e a l  

a t  the upper end of the  corer was opened. A f l e x i b l e  p l a s t i c  tube 

was inser ted through t h i s  opening to  the sediment surface., A rubber 

bulb a t  the opposite end of the tube provided suc t ion ,  drawing a 

40 cm of a core previously examined from each lake (Walker 1980, un-  

published da ta ) .  The untreated wet sediment was examined (!-lalker 1980) 

as small a l iquots  in a plankton counting chamber under 40X magnifica- 

t ion.  Head capsules were mounted in  ACS f o r  i den t i f i ca t ion .  I d e n t i f i -  

cation was conducted as f o r  l i v e  mater ia l .  Because the antennae, an 

important taxonomic character ,  were r a r e ly  i n t a c t  i n  the  subfoss i l s ,  

t he  author did no t  dis t inguish Paratanytarsus,  Cladotanytarsus, o r  

Micrupsectra from Tanytarsus. All these taxa were lumped as 

Tanvtarsus. A minimum of 30 head capsules was removed from each sample. 



Fragments containing only pa r t  of the  hypos tomial p l a t e  (mentum), where 

i d e n t i f i a b l e ,  were counted as one ha l f .  



111. Results and Discussion 

3.1 Assessment of Benthic Classi f icat ions  

3.1.1 Results 

The locations of the  lakes and ponds surveyed are  indicated in  

Figure 2 and 3. Most l i e  i n  the lowlands of eas te rn  New Brunswick. The 

podzolic s o i l s  of t h i s  region support mixed conifer-hardwood fo re s t s  and 

in some areas have been succeeded by extensive Sphagnum peatlands. 

Carboniferous sandstones are  the  prevalent bedrock throughout most of 

t h i s  region, b u t  are usually over la in  by a thick layer of t i l l .  The 

region has a moderate t o  high s u s c e p t i b i l i t y  to  ac id i f i ca t ion  ( S h i l t s  

1981). 

Thirty-five chironomid genera were recorded from the lakes and 

ponds surveyed. Representatives of s ix teen  addit ional groups of inver te-  

brates were found, some occasionally cons t i tu t ing  important components of 

the benthic fauna. Densities of chironomids varied from 660 t o  7800 

2 individuals/m . The lowest dens i t i es  were recorded from Despres Lake. 

the  highest  from Smart 's Pond. The r e s u l t s  a r e  presented in Tables 2 

and 3. 

The lakes and spec ies  are  arranged in  Tables 2 and 3 so as t o  

emphasize apparent ecological re la t ionships .  These approximate a pH 

gradient. A range of lake surface a rea ,  colour, conductivity and macro- 

phyte development i s  apparent i n  the lakes as presently arranged  a able 

1 ) .  

The f i r s t  four "lakes" a r e  peat pools within a coastal  bog a t  
f* 
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F igu re  2. D i s t r i b u t i o n  o f  h a b i t a t s  sampled n e a r  t h e  

New Brunswick - Nova S c o t i a  border .  

H a b i t a t s :  R i v e r  Heber t  Bog = RH; J o l i c u r e - M i d g i c  Bog = 

J-M; Hood's Pond = !4P; D i l i g e n t  R i v e r  Lake = 

Dt?; F o l l y  Lake = FL; Fox Creek Lake = FCL; 

Johnson's Lake = JL; B lack  Lake = BL; Po r tey  

Pond = PP; Smart 's  Pond = SP; Miss iguash 

Lake = ML; Memramcook Lake = ?l; Lay ton ' s  

Lake = LL; Copp's Pond = CP; L i t t l e  Duck = 

LD; Pink Rock = PR. 





Figure 3 .  Distr ibut ion of hab i ta t s  sampled near Newcastle 

and Chatham i n  north-eastern New Brunswick. 

Habitats: Point Escuminac = PE; Ke l ly ' s  Bog = KB; 

L i t t l e  Kennedy = LK;  Chatham Lake = C H ;  

Despres Lake = DE;  Round Lake = R L ;  South 

Lake = SL; Coal Branch Lake = C B L ;  L i t t l e  

Fowler = L F ;  Second Fowler = 2F. 





TABLE 1 

Selected Phys ica l  and Chemical Parameters (Summer Values) o f  the  Hab i ta ts  Surveyed 

U n i t s :  Conduct iv i ty  untioslcm @ 23 C (pH cor rec ted)  
Colour P t  - CO U n i t s  
Macrophytes p ropo r t i on  of h a b i t a t  area co lon ized 
Oenth meters 
A &  hectares 
Sediment P = peat.  D = dark brown dy. R = grey-brown dy; 

GS = dy w i t h  H2S. S = saprope1 

Hab i ta ts :  Po in t  Escuminac = PE1. FEZ, PE3, 6 PE 4; K e l l y ' s  Bog = KB; R i ve r  
t lebert  Bog = RH; Jo l icure-Midq ic  Bog = J-M; Hood's Pond = MP; 
L i t t l e  Kennedy = LK; D i l i g e n t  R iver  Lake = OR; Chatham Lake = CH; 
F o l l y  Lake = FL; Oespres Lake = OE; Round Lake = RL; Fox Creek 
L e  = FCL; South Lake = SL: Coal Branch Lake = CBL; Johnson's 
Lake = JL: Black Lake = EL; Portey Pond = PP; L i t t l e  Fowler = LF; 
Second Fowler = 2F; Smart's Pond = SP: Missiguash Lake = ML; 
Memramcook Lake = MEM; Layton 's  Lake = LL; Copp's Pond = CP; 
L i t t l e  Duck = LD; Pink Rock = PR. 

PE1 PE2 PE3 PE4 K0 RH J-M HP LK OR CH FL DE RL FCL SL CBL JL 8L PP LF 2F SP ML MLH LL CP L0 PR 

Conduc t i v i t y  40 40 40 60 0 0 0 0 13 20 0 42 15 16 30 16 15 80 18 70 18 25 4 1  128 150 410 40 41 43 
(Corrected) 

l l 100 100 100 100 100 l 5 0  40 10 150 90 40 50 80 110 40 80 0 85 100 60 200 53 "0 50 22 20 90 

PH 3 . 8  3 8  3.8 3 7  4.2 4.0 4.0 4.0 4 . 8  4.5 4.1 4.9 4 . 4  4.8 5.6 6.2 5.1 6.4 6.4 6.1 6 .8  6.5 6.2 6 .5  7.0 7.3 6.5 6.7 4.6 

Macrophytes .l .2 .2  .3  . 8  . 2  .4 .7 .l .l .2 .2 , l  .2 . 3  .2 . 3  .l .l .l .2 .2 . 3  . 3  .l .l .l .l . l  

Max. Depth l 1.5 2.0 1.5 2.0 2.5 1.5 2.0 2.0 10. 1.5 3 .0  2 .0  2.0 1 .7  1.0 3.0 2.0 6.0 1 .5  1 .0  2.0 1 . 5  1.2 1.2 8.0 20. 9.0 20.0 

Area l 5 5 5 .5 3.0 .5 1.0 2.0 .5 7. 19. 15. 26. 10. 11. 41. 15. 17. 4. 3. W. 2. 3. 30. l ? .  4. 4 .  2. 

Sediment P D P D P D , P P  P D . P D . P O . P O . P  D 0 D 0 D 0 GS G G GS 0.G SS D 0 S S 0 0 D 
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Point Escuminac. Lying close t o  the  sea ,  these pools probably receive 

substant ia l  inputs of sea s a l t s  via t he  atmosphere, thus t h e i r  hiqh con- 

ductivi ty.  The principal chironomid genera recovered include Zalutschia,  

Ablabesmyia, and Psectrocladius.  Trichoptera,Anisoptera, and Cladocera 

include most of the remaining benthos. These pools were both s t rongly 

acid (pH = 3.8) and coloured (100 P t - C O  u n i t s ) .  Macrophvtes were qener- 

a l l y  well developed. 

Ponds from three other  S~haqnum peatlands were a l so  included. Lying 

several kilometres from the coast ,  ne i ther  the River Hebert bog, Kel ly 's  

bog, nor the bog a t  Midgic a r e  subs t an t i a l l y  influenced by the sea. 

Although these pools a r e  almost as  ac id ,  and as  strongly coloured a s  the 

pools of Point Escuminac, t h e i r  conductivity i s  considerably less .  

Corrections f o r  the contribution of H+ reduce the conductivity of these 

waters e s sen t i a l l y  t o  zero. pblabesmvia, Psectrocladius,  Mono~sectrocla- 

dius ,  and Chironomus were recovered from the benthos of a l l  three  waters. - 
Trichoptera,  Zygoptera, Bezzia, and Cladocera were a l s o  comon t o  the 

pools of both peatlands. 

Wood's Pond, L i t t l e  Kennedy Lake, and Dil igent  Lake are  a l l  small 

waters completely enclosed by thick Sphaqnum mats; thus ,  conditions in 

these lakes approach those of t h e  peat  pools. All of these waters appear 

t o  s t r a t i f y  t o  some extent .  Diligent Lake occupies a ke t t l e .  I t  i s  10 

metres deep despite its small surface.  Unusually cold bottom waters were 

noted in  the  2 metre deep L i t t l e  Kennedy Lake, perhaps indicat ing the 

presence of a spring. Oxygen readings approached sa tura t ion  f o r  L i t t l e  

Kennedy and Diligent Lakes. Despite i t s  shallow basin,  oxygen 



concentration S remain low a t  Wood's Pond's maximum depth throughout the 

2 
ice- f ree period. Densi t ies o f  benthos i n  Wood's Pond (4900/m ) are 

several times greater than the  other two lakes. Perhaps t h i s  ind icates 

the important con t r ibu t ion  o f  macrophytes t o  the  pond's p roduc t i v i t y .  

Few macrophytes i n h a b i t  D i l i g e n t  Lake o r  L i t t l e  Kennedy Lake. Values f o r  

pH (4.0 - 4.8), colour (10 - 150 Pt-CO un i t s ) ,  and conduc t i v i t y  (13 -32 

mhos )  vary w i t h i n  t h i s  group. Conditions i n  Wood's Pond most resemble 

those o f  the peat pools. L ike most peat pools conduc t i v i t y  values f o r  

Hood's Pond reduce t o  zero upon correct ion f o r  H+ a c t i v i t y .  

~ e c t r o c l a d i u ~ ,  !- Chironomu~, and Procladi  us are common 

t o  these three lakes. Other inver tebrates were scarce except i n  Wood's 

Pond. Important const i tuents o f  Wood's Pond's benthos included 

Trichoptera, chaoborus, Cladocera, and oligochaetes. 

Fo l l y ,  Chatham, Despres, Round, and Coal Branch Lakes have pH and 

conduc t i v i t y  values ranging from 4.0 t o  5.2 and 15-60 ~ m h o s  respect ively.  

A l l  are shallow (<3 m), p o l y n i c t i c  lakes w i t h  comparatively la rge  surfaces. 

They a lso l i e  adjacent to extensive peatlands. Most chironomids belong 

t o  the genera p r o c l a d i ~ ,  Tanvtarsus-, E~.lk@sdd~~, and Clado~elma. The 

most ac id  o f  these lakes, Chatham Lake y ie lded  the most Chironomus and 

Ablabesmyia larvae. Other inver tebrates were scarce, although Chaoborus 

and oligochaetes were regu la r l y  col lected. 

Johnston's Lake, Slack Lake, Portey Pond, L i t t l e  Fowler, Second 

Fowler, South, and Fox Creek Lakes are less acid,  (PH = 6.0 t o  6.8) 

general ly wi thout  extensive adjacent peatlands; conduct iv i ty  (16-80 umhos) 

varies. Procladius, Tanvtarsus, Paratanvtarsus, Ablabesmvia, and 



Polypedi lum i n c l u d e  the  more abundant genera. Other  i n v e r t e b r a t e s  i n -  

c lude Tr ichoptera ,  Amphipoda, and o l igochaetes  . Hi rud inea,  Amphipoda, 

and Ephemeroptera were r a r e  o r  absent i n  more a c i d  waters. 

Most f requen t l y  recorded from t h e  lakes o f  rec la imed s a l t  marshes 

were P roc lad ius ,  I a n v t a r s a ,  P o l v ~ e d i  lum, Clado~elma, and Chi ronomu. 

These lakes i n c l u d e  Smart 's  Pond, Missaguash Lake, Memramcook Lake, and 

Layton's  Lake. They a r e  c i rcum-neut ra l  waters (pH = 6.0 t o  7.2) w i t h  

c o n d u c t i v i t y  va ry ing  from 36 t o  395 kmhos. The incomplete data  concern- 

i n g  o t h e r  i n v e r t e b r a t e s  pe rm i t s  no g e n e r a l i z a t i o n s  as t o  t h e i r  c o n t r i -  

bu t ion .  Macrophytes were abundant b o t h  i n  Smar t ' s  Pond and Wssaguash 

Lake, b u t  r a r e  i n  bo th  Lay ton 's  and Memramcook Lakes. These lakes a re  

g e n e r a l l y  ve ry  shal low. Lay ton 's  Lake however i nc ludes  a smal l ,  b u t  

deep ( 10 m) meromi c t i c  reg ion.  

The benthos o f  t h r e e  deep s t r a t i f i e d  lakes  were sampled. Copp's 

Pond and L i t t l e  Duck Lake a r e  c i rcum-neutra l ,  o l igohumic  lakes.  P ink  

Rock Lake i s  a c i d  (pH = 4.6) w i t h  s t r o n g l y  co loured waters (90 Pt-CO 

u n i t s ) .  Few Chironomidae were shared by these lakes. I n  a1 l cases, 

t h e  benthos were much more abundant i n  t h e  l i t t o r a l  regions.  a a o b o r u ,  

o l igochaetes,  and Amphipoda were recorded f rom t h e  t h r e e  lakes. 

P r i n c i p a l  component ana lys i s  prov ides  methods o f  c o n s t r u c t i n g  

fauna1 c l a s s i f i c a t i o n s .  The r e s u l t s  o f  p r i n c i p a l  component o r d i n a t i o n  

(F ig .  4 ) p rov ide  e f f e c t i v e  v i s u a l  rep resen ta t i ons  o f  t h e  data. Three 

d i s t i n c t  c l u s t e r s  a r e  ev iden t  on the  bas is  o f  t he  chironom'd fauna. The 

pools o f  P o i n t  Escuminac compose one c l u s t e r .  I n  a second c l u s t e r  are 

f o u r  lakes,  and t h e  poo ls  o f  t h ree  Sphagnum bogs. The remaining h a b i t a t s ,  



a l l  of which a r e  lakes,  a r e  included i n  a t h i r d ,  l a rge r  c lus te r .  

The r e s u l t s  of a second ordination (F ig .  5 ) ,  based cn the  other  

components of the  benthos, provide somewhat d i f f e r e n t  r e su l t s .  Three 

c lu s t e r s  a r e  again evident. One c lu s t e r  includes a l l  the  peat  pools. 

The two remaining c lu s t e r s  separate  weakly a c i d i c  lakes (pH = 5.5 t o  7.5) 

from those more s t rongly a c i d i c  (pH = 3.5 t o  5 .5) .  

3.1.2 Discussion 

The r e l a t i v e  abundance da ta ,  a s  presented i n  Figure 6, f a c i l i t a t e s  

a more de ta i led  descr ipt ion o f t h e  three  major fauna1 uni ts .  

1)  Inland Peat Pool Fauna 

All peat  pools lying beyond the  imnediate influence 

of the  sea  have a fauna in  which Chironomus, Ablabespivia, 

c t roc l  a d i u  , and/or psectrocladi  us a r e  mos t 

abundant. Within t h i s  group a r e  four  lakes. L i t t l e  

Duck Lake i s  a deep, circum-neutral oligohumic lake. 

Three of these lakes ,  however, a r e  small ,  l e n t i c  

hab i ta t s  a t  t he  l a t t e r  s tages  of bog lake evolution.  

Conditions within these hab i ta t s  approach those of 

the  peat  pools. Worthy of note i s  the  importance 

of m c l a d i u s  t o  the lakes ,  and the  comparatively 

low dens i t i e s  of -. m o b o r u $  was col- 

lected from three  of the  lakes ,  but was absent 

from t rue  peat  pools. 



Figure 4. P r i n c i p a l  component o r d i n a t i o n  o f  h a b i t a t s  

from r e l a t i v e  abundances of  chi ronomi d  t a x a .  

Abbrevia t ions  f o r  h a b i t a t s  fo l low those  

l i s t e d  f o r  t a b l e  1. 
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F igu re  5. P r i n c i p a l  component o r d i n a t i o n  o f  h a b i t a t s  f rom 

r e l a t i v e  abundances o f  b e n t h i  c  i n v e r t e b r a t e s ,  

e x c l u s i v e  o f  t h e  Chironomidae. Abbrev ia t i ons  

f o r  h a b i t a t s  f o l l o w  those l i s t e d  f o r  t a b l e  1. 
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Figure 6. Relative abundances of the  common chironomid 

taxa in the  habi ta t s  surveyed. Abbreviations 

f o r  hab i ta t s  follow those l i s t e d  w i t h  t ab l e  1. 





2 )  Coastal Peat Pools 

The coasta l  peat  pools of Point  Escuminac appear as 

a d i s t i n c t  group. These a r e  dis t inguished pr inc ipa l ly  

by t he  importance of Zalutschia.  The  high conductivi- 

t y  of these pools r e f l e c t s  t h e i r  proximity t o  the  sea.  

3)  Lake Fauna 

Host of the  remaining hab i t a t s ,  a11 lakes ,  a r e  

shallow, polymicti c hab i ta t s  in  which Procladius and/or 

the  Tanytarsini (combined Tanytarsus and Paratanytarsus) 

a r e  numerically most abundant. Many o the r  genera, 

notably Polypedilum, Dicrotendipes, Cladopelma, and 

Glyptotendi pes , are  common associates .  The chirononrids 

f a i l  t o  provide an e f f ec t i ve  subdivision of the  lakes 

despi te  t he  broad range of pH (4.0 t o  7 .2) ,  colour 

( 0  t o  150 P t - C O  u n i t s ) ,  and conductivity ( 0  t o  395 

m h o s )  apparent in  these lakes. Of the  other  inver te-  

b r a t e s ,  Chaoborus i s  d i s t r i bu t ed  i n  the  more acid (pH = 

4.0 t o  5.0) lakes. Amphipoda, Ephemeroptera, and 

Hirudinea a r e  d i s t r i bu t ed  in  waters w i t h  higher pH 

(6.0 t o  7.0). 

The waters of the  more eutrophic  marsh hab i t a t s ,  

Layton's Lake and Memramcook Lake, may be dis t inguished 

by the  importance of Chirononus. The data  f o r  deep, 

s t r a t i f i e d  lakes ,  Copp's Pond, and P i n k  Rock Lake, 

a r e  too scan t  t o  permit general izat ions .  



Apparent i n  the r e s u l t s  is  a sharp d i s t i nc t i on  between the  fauna 

of most lakes and the  peat  pools. The peat  pools a r e  dis t inguished 

by a Chironomus-Monopsectrocladius-Psectrocladius associat ion.  I~lood's 

Pond, L i t t l e  Kennedy Lake, and Diligent Lake share t h i s  type. Most 

lakes have a Procladius-Tanytarsini fauna. 

The divis ion of the  hab i t a t s  i n t o  "pea t  pools" and "lakes" does 

not compare favourably w i t h  ex i s t ing  c l a s s i f i ca t i ons .  Brund in  (1949) 

appears t o  have recognized t h a t  the  fauna of polymictic, humic lakes 

d i f f e r s  from t h a t  of s t r a t i f i e d  lakes. He, however, described a 

'Sti ~~~~~~~~~~~~~~Tanytarsini " type f o r  these lakes. Bryce (1965) 

invest igated t he  Chironomidae of some Br i t i sh  peat  pools. He described 

d i s t i n c t  Â£hircinoi~i and Tanvtarsus. pools, but  f a i l e d  t o  account f o r  

t he  differences i n  t h e i r  d i s t r i bu t ion .  I t  may be found t h a t  consider- 

able regional var ia t ion e x i s t s  i n  the  fauna of bog lakes and peat  pools. 

The r e s u l t s  of the  fauna1 survey document trends which pa ra l l e l  

those of an e a r l i e r  pa1aeo1imno1ogica1 (Walker 1980) invest igat ion.  In 

t h a t  research,  the  most s t r i k i n g  change in the  chironomid fauna was a 

recent  Tanytarsus t o  Chironomus s h i f t  a t  the l a t t e r  s tages  of bog lake 

succession. In the  l a t t e r  s t ages ,  conditions i n  bog lakes approach those 

of small ,  ombrotrophic pools in Sphagnum peatlands. These waters have 

become completely enclosed by Sphagnum and possess a small surface area.  

The depth of such pools i s  large i n  r e l a t i on  t o  t h e i r  surface.  This 

l imi t s  the extent  of mixing and subseuuent sediment disturbance. Reduced 

disturbance may y ie ld  favourable hab i t a t  f o r  ce r ta in  benthic inver tebra tes  



and a l so  conditions fo r  macrophyte colonization.  

Sphagnum i s  capable of g r ea t l y  influencing water chemistry, by 

both organic acid secre t ion ,  and removal of cat ions  (S jors  1950). The 

exchange of H+ f o r  o ther  cations fu r the r  increases ac id i ty .  A t  low 

pH many metals are mobilized. These so-called heavy metals may be 

tox ic  t o  organisms (Havas 1981) and a r e  believed to  e l iminate  f i shes ,  

the principal  predators i n  aquat ic  ecosystems. This may benef i t  ce r ta in  

inver tebrates .  

The organic acids and humics of peat  pools s t a i n  the waters,  and 

sequester  both p l an t  nu t r i en t s ,  and metals. Complexing of metals may 

permit organises t o  e x i s t  beyond t h e i r  normal pH l i m i t  (Kerekes pers. 

corn.) .  Stained waters l i i r i t  l i g h t  penetration thus l imit ing phytoolank- 

ton production. Peradoxically,  phytoplankton product ivi ty  w i t h i n  the  

photic zone may be g rea t e r  i n  such waters,  y e t  the smaller  photic zone 

de t r ac t s  from overal l  production (Beauchamp 1982). Reduced l i g h t  

penetration favors growth of f loating-leaved macrophytes, and associated 

epiphytes. Nutrients trapped i n  the  sediments may be access ible  t o  macro- 

phytes (Carignan and Kalff 1979, 1982) and no t  phytoplankton. 

Recent s tud ies  of inver tebra tes  i n  ac id  lakes (Mossberg and 

Nyberg 1979) suggest  t h a t  Chironomus, Psectrocladius ,  Zalutschia,  and 

Odonata may be favoured by low pH. Some authors have suggested t h a t  

el imination of predators o r  competing species a t  low pH, may produce 

these fauna1 changes. Havas (1980) notes t h a t  low pH may i n t e r f e r e  w i t h  

osmoregulation, acid-base balance, and resp i ra t ion .  Larger species 

(Miederholm and Eriksson, 1977) of the  Chironomidae appear t o  be 



favoured by  low pH; t h e  s m a l l e r  surface area-volume r a t i o  o f  these species 

may be advantageous where osmoregulat ion and acid-base balance are  

d is tu rbed.  Where r e s p i r a t i o n  i s  i m p a i r e t ,  b lood-g i  11s and haemoglobin 

may be b e n e f i c i a l .  Both  Chironomus and Psec t roc lad ius  are  o f t e n  asso- 

c i a t e d  w i t h  more p roduc t i ve ,  e u t r o p h i c  waters. 

Examining the  survey da ta  n e i t h e r  pH n o r  t h e  p roduc t i on  enhance- 

ment by macrophytes appears capable o f  complete ly  account ing f o r  t h e  

observed d i s t r i b u t i o n  pa t te rns .  Wood's Pond and Chatham Lake appear t o  

have s i m i l a r  chemical c h a r a c t e r i s t i c s ,  y e t  d i f f e r  i n  morphometry, 

macrophyte development, and chi ronomid assoc ia t i on .  Macrophytes may 

favour  t h e  "Chironomus - Psec t roc lad ius "  a s s o c i a t i o n  i n  'Â¥food' Pond. 

The d i v i s i o n  between Chironomus and Tanytarsus lakes  does n o t  appear 

c l e a r l y  de f i ned  by  oxygen concent ra t ions .  Oxygen v a r i e d  g r e a t l y  w i t h i n  

t h e  "Chironomus" lakes sampled. I n  w i n t e r ,  a l l  sha l l ow  humic lakes  a r e  

l i k e l y  t o  exper ience oxygen d e f i c i e n c i e s ,  and perhaps anoxia (Nage l l  

and B r i t t a i n  1977). 

The combined i n f l u e n c e  o f  meta ls ,  o r g a n i c  ac ids,  sediments and 

p roduc t i on  may p rov ide  a  p l a u s i b l e  separa t i on  between the two fauna1 

types p r e s e n t l y  described. I t  i s  l i k e l y  t h a t  the  chironomids o f  pea t  

pools a r e  adapted t o  t h e  range o f  c o n d i t i o n s  which no rma l l y  occur  there .  

No s i n g l e  f a c t o r  adequate ly  descr ibes t h e i r  d i s t r i b u t i o n .  As c o n d i t i o n s  

i n  a  bog l ake  approach those o f  a  pea t  poo l ,  t h e  members o f  t h e  

Chironomus-Monopsectrocladius-Psectrocladius fauna appear t o  be favoured. 

Za lu t sch ia  z a l u t s c h i c o l a  was recorded o n l y  from L i t t l e  Duck Lake, 

which i s  deep and s t r a t i f i e d .  I t  was known f o r m e r l y  t o  have been 



abundant i n  Hood's Pond (Walker 1980). Saether (1975) suggests t h a t  

t h e  value of Zaiutschia zalutschicola  as a typological ind ica tor  may be 

l imited by i t s  present d i s t r i bu t ion .  

As reported by Mossberg and Nyberg (1979), Odonata, and Trichop- 

t e r a  appear favored by low pH. Cladocera a l so  appeared t o  be favoured. 

Ephemeroptera, Amphipoda, and Hirudinea were absent a t  low pH. No 

molluscs were co l lec ted ,  although both Gastropoda and Pelecypoda a re  

presently known t o  occur i n  the benthos of Portey Pond. 

3.2 Detailed Studies  of Benthic Ecology 

3.2.1 Results 

Detailed inves t iga t ions  of the  ecology of benthic inver tebra tes  

revealed aspects of t h e i r  d i s t r i bu t ions  s p a t i a l l y  and temporally, t h e i r  

production, and r e l a t i v e  abundance. Results from the  four  lakes a r e  

presented separate ly .  

Wood's Pond 

Wood's Pond (F ig .  7a) i s  a small ,  s t rongly ac id  (pH = 4.0 t o  4.8),  

polyhumic (150 P t - C O  un i t s )  pond, completely enclosed by Sphaqnum. The 

pH r i s e s  through the winter,  peaking a t  ice-melt.  In the  spring of 

1982 a pH of 4.8 was recorded. The waters of the lake a t  t h i s  time were 

c l ea r  (30 pt-CO un i t s )  with a higher conductivity (12 iiflnhos a f t e r  pH 

correct ion)  than i s  usual. I t  i s  believed t h a t  the  d i l u t i on  of the 

pond-water by run-off produces t h i s  phenomenon. In the o ther  th ree  lakes ,  

the  lowest pH values had been recorded in  spr ing ,  a s  expected ( J e f f r i e s  

e t  al. 1979). The pond i s  shallow, having a mean depth and maximum depth 



Figure 7 .  Maps of depth (contour depths given i n  

metres) ,  f loating-leaved macrophytes, 

subs t r a t e ,  and sampling s t a t i o n s .  

a)  "food's Pond 

b) Portey Lake 

f  loating-leaved macrophytes 





TABLE 4 

Hood's Pond: Cumulative Abundance ( =  T o t a l  Number o f  Chi ronomids 

Co l lec ted  f rom A p r i l ,  1981 t o  March, 1982) o f  Each Chironomid Taxon 

a t  Each Sampling S t a t i o n  i n  Wood's Pond. 

S i t e  

Chi ronomus 
Monopsectrocl ad i  us 
Proc lad i  us 
Za lu t sch ia  
Cladopelma 
Ablabesmyia 
Polypedi l um 
Di crotendipes 
Psect roc lad i  us 
Tanytarsus 
Parachi ronomus 
Paratanytarsus 
M i  crotendipes 
D ip loc lad ius  
Phaenopsectra 
L a u t e r b o r n i e l l a  1 
1 s t  I n s t a r  Tanypodinae 1 
1s t  I n s t a r  Chironominae 



Figure 3. Seasonal distribution of Chi ronomus , 

Mono~sectrocladius, and Procladius and 

instars  I1 t o  I V  fo r  these s ~ e c i e s  in 

Wood's Pond. (Densities expressed as 

thousands/m^. ) 
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Figure 9. Seasonal d i s t r i b u t i o n  o f  t h e  remaining* 

chironomid t a x a  and t h e  seasonal  d i s t r i b u t i o n  

o f  t h e  t o t a l  Chirononidae i n  '-food1 s Pond. 

(Total Chironomids expressed a s  thousands/m2, 

a l l  o t h e r s  expressed a s  hundreds/m^.) 

*Several of t h e  r a r e s t  taxa  have been excluded.  
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o f  1.0 and 2.0 metres r e s p e c t i v e l y .  m var ieuatum i s  the  p r i n c i p a l  

macrophyte. 1. varieaatum i n h a b i t s  75% o f  the  pond's area, o n l y  be ing 

absent where t h e  water  depth exceeds 1.3 metres. Sc i rpus  sub te rm ina l i s  

a l so  i n h a b i t s  the  sha l low waters. shamaeda~hne ca lvcu la ta ,  

~ a l u s t r i s ,  and t h e  a lga  Batrachos~ermum a re  impor tan t  components of 

the  pond's marg ina l  zone f l o r a .  The p r o x i m i t y  o f  t h e  surrounding fo res ts ,  

and t h e  dense macrophytes r e s t r i c t  mix ing .  I n  the  v i c i n i t y  o f  t he  pond's 

maximum depth cond i t i ons  approach anoxia below 1 metre th roughout  t h e  

year. 

Chironomus , Monopsectrocladi us, and Proc lad i  us a r e  t h e  p r i n c i p a l  

b e n t h i c  i nve r teb ra tes ,  account ing f o r  42%, 24%, and 24% r e s p e c t i v e l y  o f  

t he  t o t a l  ch i ronomid fauna. Resul ts  f o r  1980 a r e  comparable. 

Polypedi lum, Ablabesmyia, Za lu tsch ia ,  Tanytarsus, Psect roc lad ius ,  and 

6 r a r e r  genera account f o r  o n l y  11% o f  the  chironomid fauna. Tr ichoptera ,  

Chaobrous, Zygoptera, Ol igochaeta, pezz ia ,  Copepoda, and Cladocera were 

a l s o  recorded. T o t a l  d e n s i t i e s  o f  chironornids averaged 4,900 i n d i v i d u a l s /  

2 m .  

Dens i t i es  o f  benthos a re  h i g h e r  i n  t h e  no r the rn  end o f  t h e  pond 

(Table 4) where macrophyte development i s  g rea tes t .  Seventy-s ix  pe rcen t  

o f  t h e  Monopsectrocladius l a r v a e  -were  c o l l e c t e d  f ram s t a t i o n s  1 t o  

8 i n c l u s i v e .  S i m i l a r l y ,  70% of the  l a r v a l  p r o c l a d i u s  were c o l l e c t e d  

f rom t h i s  region.  Whi le  t h i s  p a t t e r n  would apoear t o  h o l d  f o r  t he  

r a r e r  Chironomidae (83% from s t a t i o n s  1 t o  8), ghironomus shows no 

apparent preference f o r  e i t h e r  r e g i o n  (55.4% f rom s t a t i o n s  1 t o  8). 

Chironomid d e n s i t i e s  were lowest a t  one s t a t i o n  ( # ] l )  l oca ted  near t h e  



maximum depth. A t  t h i s  s t a t i on  28% of a11 Chaoborus larvae were 

collected.  

Densities of benthos (Fig. 8 ,  9 )  a r e  lowest i n  spring,  coinciding 

w i t h  the emergence of O i r o m .  Densities of benthos increase through- 

out the summer w i t h  the recruitment of new generations. Most species 

appear t o  be univolt ine.  Two species of both Chironomus and 

.Procladiu (Ramcharan and Paterson 1P78) a r e  present. Most Chironomus 

emerge i n  e a r ly  spring.  Within days of ice-melt, mid-April, 1981, 

Chironomus was observed emerging. By e a r l y  June the  beginning of a new 

generation was evident.  The emergence of ?lonopsectrocladius occurs 

somewhat l a t e r .  By mid-August a few 1 s t  i n s t a r s  were col lected.  By 

November these had entered t h e i r  4th i n s t a r .  The two species of 

Procladius provide a complex seasonal population curve. The emergence 

of one species appears to occur i n  ea r ly  spr ing;  the emergence of the 

o ther  probably coincides approximately with t h a t  of ~ s e c t r o c l a d i u ~ .  

More d i f f i c u l t  t o  i n t e r p r e t  a r e  the emergence pat terns  of r a r e r  species.  

Some of these may be phytophilous. As the f l oa t ing  leaves of 1. 

varieqatum d i e  i n  September phytophilous species must migrate t o  the 

benthos or  other  mi crohabi t a t .  

Portey Pond 

Portey Pond (Fig. 7b) i s  a very shallow, weakly acid pond (pH = 

5.2 t o  6.8).  Lowest pH (5.2) and conductivity were recorded w i t h  ice- 

melt. As the season progressed, pH (6.8) and conductivity ( l 39  umhos/ 

cm @ 2 3 ~ )  increase,  peaking in  August o r  September. Colour ranges 



from 60 to  120 P t -CO u n i t s .  The pond is very shallow with a maximum 

depth of 1.3 m. and mean depth of 0.6 m. Water l eve l s  may drop as much 

a s  .3 m. towards l a t e  summer. 

Few macrophytes inhabi t  the lake i t s e l f  although rushes a r e  

abundant along the  margins. Floating leaved macrophytes, L varieaatum 

and Nvmphaea odorata a re  l imited t o  the  northern end of the   ond d. The 

sand and gravel along the eastern shore support Eriocaulon s e ~ t a n q u l a r e .  

A Ut r icu la r ia  species i s  v i s i b l e  i n  shallow water,  most densely a t  the 

southern end. Benthic algae c o l l e c t  a t  the  southern end as a r e s u l t  of 

so r t i ng  by wind and water. 

The g rea t  exposure of the  pond, low macrophyte development, and 

shallow waters permit continuous mixing. Disturbance of the sediments 

re leases  the  d i s t i n c t  odour of hydrogen su l f i de .  I n  winter ,  much of the  

pond bottom may freeze.  

In 1981 Procladius and Paratanvtarsus accounted f o r  48% and 21% 

of the  chironomid fauna respect ively .  The remaining 31% i s  divided among 

Tanytarsus, Cryptochironomus, Ablabesmyia, Dicrotendipes, Cladopelma, 

Psectrocladius ,  Stempel l inel la ,  Polvpedi lum, Lauterborniel la ,  and ten 

o ther  genera. Paratanvtarsus was much more abundant during the  summer 

of 1981 than 1980 (Table 8 ) .  None of these genera account f o r  more than 

6% of the  t o t a l .  Densit ies of chirononrids averaged 2400 individuals/mL. 

Densities of benthos (Table 5) a re  highest  a t  the  southern end of 

the  pond where benthic algae co l lec t .  Amphipoda and Ephemeroptera 

contribute a s i g n i f i c a n t  proportion of t he  benth-os. 



TABLE 5 

Por tey  Pond: Cumulative Abundance (= T o t a l  Number o f  Chi ronomi ds 

Co l l ec ted  f rom A p r i l ,  1981 t o  March, 1982) o f  Each Chironomid 

Taxon a t  Each Sampling S t a t i o n  i n  Por tey  Pond. 

S i t e  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

P roc lad i  us 16 16 25 41 27 24 18 20 12 20 50 55 14 26 16 
30 17 3 3 14 6 1 5 1 5  30 22 Paratanytarsus 28 

Tanytarsus 8 
Di c ro tend i  pes 10 
Polypedi lum 8 
Cladopelma 2 
Cryptochi  ronomus 1 
Lau te rbo rn ie l  l a  2 
Psect roc lad ius  7 
C r i  cotopus 1 
Ablabesmyi a 5 
Pseudochironomus 
Glyptotendipes 
Pagas t i e l  l a  
Paratendipes 
Chi ronomus 
M i  c ro tend i  pes 
Phaenopsectra 
S t i  c t o c h i  ronomus 
Stempel l ina  
Stempel l i n e l l a  
Corynoneura 



Figure 10. Seasonal d i s t r i bu t ion  of Procladius,  and 

and i n s t a r s  11 t o  I V  f o r  these 

species  i n  Portey Pond. (Densi t ies  ex- 

pressed as thousands/m*.) 





Figure 11. Seasonal d i s t r i bu t ion  of the remaining * 

chironomid taxa and the  seasonal d i s t r i b u t i o n  

of the  t o t a l  Chironomidae i n  Portey Pond. 

(Total Chironomids expressed a s  thousands/m^, 

a1 1 others expressed as hundreds/d .  ) 

*Several of the  r a r e s t  taxa have been excluded. 
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Densit ies of chironomids a r e  lowest during mid-summer (Fig.  1 0 , l l ) .  

Procladius and Paratanvtarsus., the two principal  genera emerge during 

t h i s  period. This would appear t o  hold f o r  many of the remaining genera. 

The simultaneous recruitment of individuals  from many genera i s  apparent 

i n  September. Low water l eve l s  i n  September 1981 exposed marginal zone 

sediments and associated hab i ta t s .  Species inhabi t ing the marginal zone 

may have been forced t o  r e t r e a t  towards the pond's centre .  

Folly Lake 

Folly Lake (Fig. 12a) i s  a comparatively la rge  lake,  approximately 

2 km long, w i t h  a 3.3 m maximum depth. The waters a r e  moderately ac id i c  

(pH = 4.4 t o  5.3) and coloured (60 to  125 P t - C O  un i t s ) .  Erosion a t  the  

eastern end, a consequence of the  large f e t c h ,  has exposed a sand 

subs t ra te .  The region colonized by macrophytes i s  small r e l a t i v e  t o  

the  lake ' s  area.  varieqatum, Nvmphaea odorata ,  B ra senh  

schreber i ,  T& l a t i f o l i a ,  Juncus a., Potamaqeton, S~arqanium 

f lui tans and Ut r icu la r ia  so. are  present.  Brasenia schreberi  i s  

most abundant. Nymp haea p e r s i s t s  in the lake,  y e t  most plants  f a i l  

t o  produce flowers. This may ind ica te  recent  ac id i f i ca t i on  of t h i s  

lake,  followed by the vegetat ive  pers is tence of these plants .  

The two principal  chi ronomid taxa ,  Tanvtarsus and Procladi us 

account respect ively  f o r  24% and 23% of the  t o t a l  number of chironomids 

sampled. Rarer taxa included Glvptotendipes, Harnischia cf. 

c i ~ r t i  lamellata,  ~ t i c t o c h i r o n o ~ ,  Phaenopsectra, Cladopelma, and 

twelve others .  Comparable r e s u l t s  (Table 8) were obtained during the  



F igu re  12. Maps o f  depth ( con tou r  depths g i v e n  i n  metres) ,  

macrophytes , subs t ra te ,  and sampling s t a t i o n s .  

a )  F o l l y  Lake 

b) Fox Creek Lake 

m macruphytes 

m sand 





F o l l y  Lake: Cumulative Abundance (= T o t a l  Number o f  Chironomids 

Co l l ec ted  from A p r i l ,  1981 t o  March, 1982) o f  Each Cli ironomid 

Tanytarsus 
Proc lad ius  

Taxon a t  Each Sampling S t a t i o n  i n  F o l l y  Lake, 

S i t e  

- 

Glvo to tend i  oes 2 1 1 71 1 7 
~ a r n i s c h i a  cf .  C u r t i  l ame l l a ta  4 1 1 
St ic tochi ronomus 7 
Phaenopsectra 4 4 3 1 1 
Cladooelma 1 1 1 7 1; 1 1 
~ b l a b b s ~ m i a  
P o l v ~ e d i  lum 
~ n d o c h i  ronomus 1 
Za lu t sch ia  6 
Heterotany ta rsus  
H e t e r o t r i s s o c l a d i u s  
Psec t roc lad i  us 
Di crotendioes 
~ i ~ l o c l a d i  us 1 
Chi ronomus 2 1 1 1 1 1 
Crvotochi  ronomus 1 1 1 
~ ~ a t a n ~ t a r s u s  6 
1 s t  I n s t a r  Chironominae 



F igu re  13. Seasonal d i s t r i b u t i o n  o f  Proc lad ius ,  and 

Tanvtarsus and i n s t a r s  I1 t o  I V  f o r  these 

species i n  F o l l y  Lake. ( D e n s i t i e s  ex- 

pressed as hundreds/m2. ) 





Figure 14. Seasonal d i s t r i bu t ion  of the remaining* 

chironomid taxa and the seasonal d i s t r i bu t ion  

of the t o t a l  Chironomidae i n  Folly Lake. 

(Total Chironomids expressed as  thousands/m2, 

a1 l others expressed as hundreds/$. ) 

*Several of the  r a r e s t  taxa have been excluded. 
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1980 season. The t o t a l  number of -collected (14%) may not 

be representat ive  as 66% of those specimens were col lected (Table 6) from 

a s ing l e  s i t e  (#12). Twenty-six percent of a l l  chironomids were 

col lected a t  s i t e  #12. Polypedilum and Zalutschia were only recorded 

from t h i s  s i t e .  Some taxa showed a f f i n i t i e s  f o r  sand subs t ra tes .  These 

i n c l u d e d m c f .  curtilam=Ll&, and S j3c toch i ronorn~ .  Procladius 

and Cladopelma were absent from sand. 

Densities of chironomids were extremely low i n  Folly Lake, aver- 

2 aging 6 W m  . A mid-summer minimum densi ty  (Fig.  13, 14) of benthos 

was observed. As in  Portey Pond, recruitment of the  two pr incipal  

genera, Bnvta rsux  and Procladius,  i s  not apparent un t i l  autumn. 

Many r a r e r  taxa show synchronous l i f e  h i s to r i e s .  

Fox Creek (Melanson Sett lement)  Lake 

Fox Creek Lake (Fig.  12b) i s  a weakly a c i d i c  (pH = 4.8 t o  6 .1 ) ,  

peat-enclosed lake. In s i z e  t h i s  lake i s  intermediate between Folly 

Lake and the  two ponds. Macrophytes a r e  well-developed near shore,  b u t  

appear t o  be l imited by depths exceeding 1.3 metres. The max.imum 

depth i s  1.7 m. Macrophytes recorded from t h i s  lake include Nuphar 

varieqatum, S~arqanium f l u i t a n s ,  Utri cu la r ia  S . ,  Potamaqeton, and 

m l a t i f o l i a .  A s ing l e  remnant p lan t  of Eriocaulon septanqulare 

was observed on the  peat  a t  the waters edge. 

Four chironmid taxa accounted f o r  67% of the  fauna i n  1981. The 

respect ive  contributions of -, Chironomus, Procladius and 

Tanvtarsus were 18%, 17%, 14%, and 19%. Other genera recorded included 



TABLE 7 

Fox Creek Lake: Cumulative Abundance (= T o t a l  Number o f  Chironomids 

Co l l ec ted  from Apr i  1, 1981 t o  March, 1982) o f  Each Chironomid 

Taxon a t  Each Sampling S t a t i o n  i n  Fox Creek Lake. 

S i t e  

Chironomus 
Proc lad i  us 
f i i  c rotendipes 
Tanytarsus 
Paratanytarsus 
C l  adope lma 
Glyp to tend i  pes 
Dicrotendipes 
Ablabesmyia 
Cryptochi  ronomus 
Za lu t sch ia  
Monopsectrocladi us 
Polypedi  1um 
Psec t roc lad i  us 
P a g a s t i e l l a  
Parachi ronomus 
T r i b e l o s  
1 s t  I n s t a r  Chi ronominae 



Chi ronomus 
Proc lad ius  
Monopsectrocladius 
Other Or thoc lad i i nae  
Tanytarsus 
Polypedi lum 
Others 

Proc lad ius  
Tanytarsus 
Paratanytarsus 
S t i  c toch i  ronomus 
t i a rn i sch ia  
Glyp to tend i  pes 
C l  adope lma 
Others 

F o l l y  Lake 

TA8LE 8 

Comparison o f  the  Summer Abundance o f  Some Chironomidae (as 

% T o t a l  Chironomidae) f o r  t h e  Four Lakes i n  Two Consecutive Years. 

blood's Pond 

M i  c ro tend i  pes 
Chi ronomus 
Di c ro tend i  pes 
Tanytarsus 
Paratanytarsus 
Cladopelma 
Proc lad i  us 
Others 

Por tey Pond 

Proc lad ius  
Tanytarsus 
Paratany ta rsus  
Or thoc lad i  inae 
Abl abesmyi a 
S t e m p e l l i n e l l a  
Others 

Fox Creek Lake 
(r4elanson Set t lement  Lake) 

1980 



Figure 15. Seasonal d i s t r i bu t ion  of Chironornus, 

Mi crotendipes,  Tanytarsus and Procladius 

and i n s t a r s  I1 t o  IV f o r  these species  in  

Fox Creek Lake. (Densit ies expressed as 

thousands/rn2.) 
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Figure 16. Seasonal d i s t r i bu t ion  of the  remaining* 

chi ronomi d taxa and the  seasonal d i s t r i bu t ion  

of the  t o t a l  Chironomidae i n  Fox Creek Lake. 

(Total Chironomids expressed as thousands/m2. 

a1 l o thers  expressed a s  hundreds/m^. ) 

*Several of t he  r a r e s t  taxa have been excluded. 



- 

G1 yptotendipes 

ir- 
m- ^ , . , . . . , . , 

0 
Monopsectrocl adi  us 

Parachi ronomus 

TOTAL CHIRONOMIDS 

Er- 
in - 
Â ¥ S . -  
= 

Dicrotendipes 

E'- - 
m- - 
IT- A - 
:/P, /--;-. 
0 

Polypedilum 

Paratanytarsus 

*b. 
o a m j  j a s o n d j  f m  

Zalutschia 



CladopeTma, D ic ro t end i~es ,  Polvpedi lum, Glvototendipes, Parachironomus, 

Paratanytarsus,  and e igh t  others .  A s t r i k i n g  change in the  fauna had 

occurred over one year. Table 8 compares the data f o r  the 1980 and 1981 

summer peri'od. The preceding summer, Qicrotendi ~ e s ,  Tanvtarsus , and 

Cladopelma had been most abundant. Densities of chironomids averaged 
2 25001m . 
Two-thirds of a l l  Chironomus larvae (Table 7)  were col lected from 

s i t e  #6 beneath a very dense patch of Nuphar varieqatum. Tribelos and 

Parachironomus were a l so  strongly aggregated i n  this region. 

Life h i s tory  pat terns  f o r  1981-82 are  not as e a s i l y  in te rpre tab le  

as  i n  other lakes. Total numbers of chironomids were lowest in May 

(Fig. 15, 16) and August. Uicrotendioes i s  b ivo l t ine ,  accounting f o r  

the mid-summer peak in  chironomid dens i t ies .  A s imi la r  mid-summer 

maximum f o r  Chironomus: i s  probably an e r ro r .  This a r t i f a c t  may r e s u l t  

from a strongly aggregated Chi ronomus d i s t r i bu t ion .  Recruitment of 

Tanytarsus as i n  Folly Lake i s  apparent i n  autumn. This taxon appears 

to  be univoltine. Two species may account f o r  the  population curve 

prepared f o r  Procladius. 

Of the remaining taxa,  Polvpedilum and Paratan.vtarsus appear 

bivolt ine.  Univoltinism i s  consis tent  w i t h  the temporal d i s t r i bu t ion  

of most other  genera. 

3.2.2 Discussion 

The r e su l t s  of the above invest igat ion document aspects of both 

the production and the s p a t i a l  and temporal d i s t r i bu t ions  of benthos in 



the  four lakes studied. Great var ia t ions  i n  the densi ty  of benthos were 

apparent. The author believes benthic production i s  re la ted int imately  

w i t h  primary productivity i n  these lakes;  thus ,  benthic dens i t i e s  

r e f l e c t  primary production. Although the nu t r ien t  data (Table 9) would 

appear t o  con f l i c t  with t h i s  statement,  much of the production may be 

contributed by macrophytes and associated epiphytes,  not phytoplankton. 

Macrophytes may incorporate most of the avai lable  nu t r ien ts .  Carignan 

and Kalff (1982) demonstrated t h a t  nu t r ien ts  incorporated in to  macro- 

phyte t i s sue  are  not readily ava i lab le  t o  phytoplankton o r  epiphyt ic  

algae. 

Densities of benthos were usually higher among the f loat ing-  

leaved macrophytes. In te res t ing ly ,  Monopsectrocladius i S associated 

w i t h  regions where macrophyte cover i s  highest ,  y e t  recruitment occurs 

w i t h  the senescence of rluphar in  l a t e  summer. Most growth i n  Mono- - 
psectrocladiusis  completed in autumn with no macrophytes present. The 

author speculates t h a t  the decaying macrophyte leaves and associated 

microflora may provide important forage f o r  t h i s  species.  Senescing 

macrophytes may a l so  re lease  nu t r ien ts  s t imulat ing phytoplankton i n  

autumn (Landers 1982). I t  has been noted i n  streams t h a t  many shredders 

have l i f e  h i s to r i e s  synchronized w i t h  the input of leaf l i t t e r  (Haters 

1979; Anderson and Cuminins 1979). 

Although l i f e  his tory data may we1 l r e f l e c t  l i f e  s t r a t e g i e s ,  the 

s ignif icance of the temporal d i s t r i bu t ion  of Chironomi dae, and t h e i r  

timing of growth and reproduction has largely been ignored (But ler  1982). 

Recruitment by taxa in  autumn, may indicate  the importance of senescent 
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macrophytes and leaf l i t t e r  as a food resource. Algal production and 

bac te r ia l  decomposition should be g r e a t e s t  i n  summer, assuming constant  

suppl ies  of nu t r ien t s .  Recruitment in spring and e a r l y  summer may re- 

f l e c t  the  importance of t h i s  potent ia l  food t o  genera l i k e  Chironomus. 

Many of the  large Chironomini, including Chironomus, Microtendipes, 

Phaeno~sec t ra ,  Dicrotendioes, and Glvototendipes a r e  f i l t e r - f eede r s .  

The Tanytarsini ,  small Chironomini, and Orthocladiinae a r e  usually 

col lector-gatherers (Merri tt and Cummins 1978; Mozley 1982). 

In l i g h t  of the  above speculat ion,  the seasonal d i s t r i bu t ion  of 

the  t o t a l  chironomid dens i t i es  i n  each lake,  may r e f l e c t  avai lable  food. 

Whereas, Portey Pond and Folly Lake a re  dis t inguished by having the  

most abundant chironomids (co l lec tor -ga there rs )  r ec ru i t i ng  in autumn, 

the Chironomidae i n  Wood's Pond and Fox Creek Lake a re  more evenly 

d i s t r ibu ted  over the  season. Here, epiphytes may contr ibute  more t o  

production than phytoplankton. Densit ies of benthos were usually higher 

among the  floating-leaved macrophytes than elsewhere. Certain Chiro- 

nomidae show a f f i n i t i e s  t o  macrophyte cover. Other taxa were l imited 

t o  sand subs t ra tes .  

3 . 3 .  Biocenoses-Thanatocenoses Comparison 

I f  subfoss i l  chironomids a re  t o  accurate ly  r e f l e c t  the fauna of a 

lake a t  any given time during i t s  h i s to ry ,  a number of condit ions 

should be met. These a r e  l i s t e d  below. 

1 )  Head capsules of a l l  species must be equally r e s i s t a n t  t o  

degradation. 



Wood's Pond 

Table 10 summarizes the r e l a t i on  among the  fauna of the 1981-82 

season, the subfoss i l s  of the  s u r f i c i a l  sediments, and the  upper 40 cm 

of a core (Walker 1980) previously examined. The core was taken from 

the maximum depth (2  m )  of the  present lake. Su r f i c i a l  sediments had 

been collected from shallower s i t e s  ( 1.3 m) d i s t r ibu ted  throughout the  

remainder of Wood's Pond (Figure 11). The r e s u l t s  demonstrate t h a t  a 

rough re la t ion  e x i s t s  between subfossi l  chironomids of the s u r f i c i a l  

sediment, and the present  fauna. Chironomus and Monopsectrocladius a r e  

two of the  most abundant genera i n  both the  sediments and the  present  

fauna. Procladius i s  substant i  a1 ly under-represented i n  the sediments. 

Most other genera a re  recorded in the  sediments i n  approximately the 

2) All species must complete t h e i r  l i f e  cycles over a period 

of approximately the same duration. 

3) All species should have s imi la r  mor ta l i ty  r a t e s  ( s ince  

ea r ly  i n s t a r s  a r e  poorly preserved). 

4) Head capsules of each species must no t  be sor ted by 

currents  in  the  lake. 

5) Old and new sediments should not be mixed. 

The degree t o  which the above conditions a r e  s a t i s f i e d  wil l  

determine the  s t rength of the  thanatocenosis-biocenosis r e l a t i on .  The 

r e s u l t s  of the  comparisons a r e  summarized i n  Tables 10-13. For each 

lake,  the  r e s u l t s  a r e  discussed separate ly .  

3.3.1 Results 



I as Sub foss i l s  i n  S u r f i c i a l  Sediment?;. and as Comoonents of t h e  

Monopsectrocl ad i  us 
Za lu tsch ia  
Psect roc lad ius  
D ip loc lad ius  
Heterotany tarsus 
Corynoneura 
1 s t  I n s t a r  Or thoc lad i inae 

Chi ronomus 
Cladopelma 
Polypedi lum 
Di c ro tend i  pes 
Parachi ronomus 
M i  c ro tend i  pes 
Phaenopsectra 
L a u t e r b o r n i e l l a  
Paratendipes 

Tanytarsus S. l a t .  

1 s t  I n s t a r  Chironominae 

P r o c l  adi us 
Ablabesmyi a 

LIVE (%) CORE (%) SURFACE (%) 



same abundance as they p r e s e n t l y  occur. One impor tan t  except ion  i s  

Tanytarsus. Although present  as on ly  a t r a c e  i n  t h e  present  fauna, i t  

i s  second on ly  t o  m i n  the sediments. A radio-carbon date 

determined f o r  t h e  upper 10 cm o f  sediment i n  the  v i c i n i t y  o f  t he  

maximum depth produced an anamolously o l d  date ( 540+/-80 y r s ) .  

P o l l e n  and charcoal evidence (Walker 1980) i n d i c a t e  however t h a t  the  

upper 40 cm o f  sediment had been depos i ted  s i n c e  se t t l emen t  (beg inn ing 

s1700). Chironomus dominated throughout  the se t t l emen t  p e r i o d  w h i l e  

Tanytarsus was dominant p r i o r  t o  set t lement .  I n  s i t u  m ix ing  o f  pre- 

se t t l emen t  and se t t l emen t  sediments should have e l i m i n a t e d  a sharp 

boundary such as t h i s .  I t i s  suggested t h a t  o l d  sediments a re  be ing 

eroded i n  shal low water, mixed w i t h  r e c e n t  sediment, and redepos i ted  

i n  the  deep-water zone. The r a t i o  o f  1-S t o  Chironomus i n  the  

shal lows and core i n d i c a t e  t h a t  between 25% and 50% o f  t h e  sediment i s  

de r i ved  f rom the pre-se t t lement  per iod .  The head capsules of 

Proc lad ius  a re  t h i n ,  ve ry  d i f f e r e n t  i n  s t r u c t u r e  t o  most o t h e r  

Chironomidae, and appear t o  be e a s i l y  degraded. Goulden (1964) a l s o  

noted t h i s  phenomenon. 

Por tey  Pond 

The r e s u l t s  f o r  Por tey  Pond a r e  presented (Table 11) i n  a manner 

s i m i l a r  t o  t h a t  f o r  Wood's Pond. P roc lad ius  was noted t o  be d r a s t i c a l l y  

under-represented i n  the  sediments and was excluded f rom the 

thanatacenosis-biocenosis comparison. I t  1 s assumed t h a t  t h e  head 

capsules o f  Proc lad ius  a re  p o o r l y  preserved. Exc lus ion  o f  J'rocladius 



TABLE 11 

Portey Pond: 

Comparison o f  the  R e l a t i v e  Abundances o f  Chironomidae 

as Sub foss i l s  i n  S u r f i c i a l  Sedirnents, and as Components o f  the  

Present Fauna. 

SUBFOSSIL 

Procladius 

exc lud ing  P roc lad i  us: 

Ablabesmyia 
Labrundin ia 
1 s t  I n s t a r  Tanypodinae 

Paratanytarsus 
Tanytarsus 
S t e m p e l l i n e l l a  
Stempel l ina 

L a u t e r b o r n i e l l a  
Di c ro tend i  pes 
Cladopelma 
S t i  c toch i  ronomus 
Phaenopsectra 
Polypedi lum 

, Cryptochi ronomus 
Glyptotendipes 
Pseudochironomus 
P a g a s t i e l l a  
Paratendi pes 
Chi ronomus 
M i  crotendipes 
1 s t  I n s t a r  Chironominae 

LIVE ( % )  

48.2 

CORE (%) 

6.7 

SURFACE (%) 

7.3 



C r i  cotopus 
Psec t roc lad i  us 
Monopsectrocladi  us 
Corynoneura 
Za lu t sch ia  
Other O r t h o c l  ad i  inae  

SUBFOSSIL 

CORE ( X )  SURFACE (%) 

3.3 
1.8 



from the comparison produces a s a t i s f ac to ry  biocenosis-thanatocenosis 

re la t ion .  

The shallow waters of Portey Pond must permit sediment disturbance 

i n  excess o f  t h a t  in Wood's Pond. T h i s  i s  supported by e r r a t i c  pollen 

data i n  the  sediment core (Walker unpublished da ta ) .  The apoarently 

good correla t ion between the thanatocenoses and biocenoses may r e s u l t  

from long term s t a b i l i t y  in  the chironomid fauna. The core data (Walker 

unpublished d a t a ) ,  although of l imited value i n  t h i s  discussion,  gives 

no evidence of any major fauna 

period. 

1 s h i f t s  s ince  the e a r l y  post-glacial  

l l y  Lake 

Table 12 includes percentages f o r  Folly Lake. As noted i n  both 

Portey and Hood's Ponds, Procladi us i s  under-represen ted. Exclusion of 

Procladius from the comparison y i e lds  comparable f igures  f o r  

Tanytarsus biocenoses and thanatocenoses. Glyptotendipes, Harnischia 

c f .  gur t i lamel la ta ,  and Stictochironomus were much more common i n  the  

1981-82 col lect ions  than i n  the sediments. Harnischia and S t i c t o c h i r o n o m ~  

occur only on the sand substra tes .  No s u r f i c i a l  sediments were examined 

from these s i t e s .  These chironomids probably burrow in to  the sand. 

Their head capsules may not  be transported t o  other zones in  the lake 

I f  they were transported,  abrasion by sand could destroy these head 

capsules. As noted i n  the  preceding sec t ion ,  66% of the G l ~ ~ t o t e n d i ~ e s  

larvae collected were recovered from a s ing le  s i t e .  This s i t e  appears 

not t o  be representat ive of the  lake. Psectrocladius ,  Polv~edilLim. and 



TABLE 12 

F o l l y  Lake: 

Comparison o f  the  R e l a t i v e  Abundances o f  Chironomidae 

as Sub foss i l s  i n  S u r f i c i a l  Sediments, and as Components o f  t h e  

Present Fauna. 

LIVE (%) SURFACE (X) 

Proc lad ius  

exc lud ing  Procladius:  

Ablabesymia 
Labrundinia 

Tany ta rsus  
Paratanytarsus 
S t e m p e l l i n e l l a  

G lyp to tend i  pes 
Harn isch ia  c f .  c u r t i l a m e l l a t a  
S ti c toch i  ronornus 
Phaenopsectra 
Cladopelma 
Polypedi lum 
Endochi ronomus 
Di c ro tend i  pes 
Chi ronomus 
Cryptochi  ronomus 
Parachi ronomus 
Pseudochi ronomus 
M i  crotendipes 
1 s t  Chironominae 

Za lu tsch ia  
Heterotanytarsus 
H e t e r o t r i s s o c l a d i  us 





Dicrotendipes a r e  over-represented i n  the  sediment. These are  genera 

often reported i n  c lose  associat ion w i t h  macrophytes. The sampling 

methods employed may not have been adequate f o r  these phytophilous 

species.  

Fox Creek Lake 

As noted previously, s t r i k i n g  changes were observed i n  the fauna 

of Fox Creek Lake over a s ing le  year.  Sediment analyses cannot hone t o  

resolve such sudden change. A comparison (Table 13) of the 1981-82 

fauna, with the sediments i l l u s t r a t e s  t h i s  problem. Chironomus , 

Procladius, and Microtendipes a r e  poorly represented i n  t he  sediments. 

The proportion of Tanvtarsus i n  the  sediments exceeds t h e i r  present 

abundance i n  the benthos. I t  i s  suggested t h a t  recent eutrophication 

has produced rapid successional changes i n  the lake. Wastes from a 

nearby pig f a m  contaminate an i n t e m i t t a n t  stream which leads t o  the 

adjacent bog mat. This stream does not feed d i r e c t l y  i n t o  the lake during 

summer, autumn, o r  winter. Spring floods may f lush waters across the 

bog in to  Fox Creek Lake, however. 

3.3.2 Discussion 

Iovino (1975) concluded t h a t  generally a good r e l a t i on  exis ted 

between biocenoses and thanatocenoses. Sediment mixing posed special  

problems f o r  shallow lakes. I f  subfossi ls  of s u r f i c i a l  sediment are  t o  

accurately represent ex tan t  chironomid communities i n  shallow lakes, 

e i t h e r  l i t t l e  mixing of sediment should occur, o r  stability must have 



TABLE 13 

Fox Creek Lake: 

Comparison o f  t h e  R e l a t i v e  Abundances o f  Chironomidae 

as Sub foss i l s  i n  S u r f i c i a l  Sediments, and as Components o f t h e  

Present  Fauna. 

Procladius 
Ablabesmyia 

Chi ronomus 
M i  c ro tend i  pes 
Cladopelma 
Di crotendipes 
Polypedi lum 
Glyptotendipes 
Cryptochironomus 
Parachironomus 
Pagas t i e l l a  
T r i  be1 OS 
S t i  ctochironomus 
Phaenopsectra 
Lauterborn ie l  l a  
Pseudochi ronomus 
Paratendi pes 

Tanytarsus 
Paratanytarsus 
S t e m p e l l i n e l l a  
1 s t  I n s t a r  Chironominae 

Za lu tsch ia  
Monopsectrocladius 
Psect roc lad ius  
H e t e r o t r i s s o c l a d i  us 
C r i  cotopus 

LIVE (%) SURFACE (%) 



exis ted  i n  the chironomid fauna over an extended ~ e r i o d .  The f i r s t  

condition, l i t t l e  mixing of sediment i s  c l ea r ly  violated i n  shallow lakes 

such as those investigated.  Sediment has been deposited i n  these  lakes 

a t  an average r a t e  in the order of only 1 mm/year. As a r e s u l t  of 

mixing of sediments, the s u r f i c i a l  samples col lected must represent an 

"average" chironomid fauna deposited over an extended period. The re- 

s u l t s  from Wood's Pond suggest t h a t  t h i s  period may be measured i n  the 

order  of hundreds of years.  In Wood's Pond, sediment mixing has pro- 

duced a "hybrid" thanatocenosis of the present "Chironomus- 

Monopsectrocladius" fauna, and the pre-settlement Janvtarsus association 

The head capsules of Procladius appear to  be poorly preserved i n  

a l l  the  lakes. This had a l so  been noted by Goulden (1964). In Portey 

Pond, the s t a b i l i t y  of the  chironomid fauna over an extended period 

produces a good biocenosis-thanatocenosis re la t ion  desp i te  extensive 

sediment mixing. 

The depauperate benthos of Folly Lake contributes large e r ro r s  to  

estimates of the  present faunal composition. The phytophilous 

chironomid fauna, which was not sampled, appears to  have contributed 

s ign i f i can t ly  to the Chironomidae present i n  the sediments. 

Studies of sediment in  shallow lakes cannot hope t o  resolve sudden 

faunal changes as a r e  apparent i n  Fox Creek Lake. 

Pa laeoecol~gica l  s tud ie s  have limited appl icat ion f o r  shallow 

lakes due t o  the problems outl ined above. Short t e rm changes cannot 

be resolved. The resolut ion i s  s u f f i c i e n t  only f o r  long-term changes, 



spanning a p e r i o d  o f  hundreds o f  years o r  more. Even i n  these s t u d i e s  

cau t ion  must be exe rc i sed  i n  the  i n t e r p r e t a t i o n .  

An i n t e r e s t i n g  f e a t u r e  i s  t h e  recovery of 1 s t  i n s t a r  chironomids 

as s u b f o s s i l s  f rom t h e  sediments o f  a l l  f o u r  lakes.  These have n o t  

p r e v i o u s l y  been reported.  l o v i n o  (1975) was ab le  t o  p a r t i a l l y  account 

f o r  t h e i r  absence due t o  r e s o r p t i o n  o f  t h e  1 s t  i n s t a r  head capsules 

du r ing  ecdysis. The head capsules of 1 s t  i n s t a r s  dy ing  p r i o r  t o  

ecdys is  would s t i l l  be expected i n  the  sediments however. 



IV. Summary 

The present invest igat ion has assessed the value of the  

Chi  ronomi dae as  palaeoecologi cal indicators  f o r  shallow, dystrophic 

waters. I t  i s  apparent t h a t  the chironomid fauna of lakes i s  eurytopic,  

ex is t ing  over a broad pH range. Many other  inver tebrates  appear more 

responsive t o  pH changes. S t r ik ing  changes i n  the  fauna a re  apparent 

only i n  the l a t t e r  s tages  of bog lake evolution. A t  t h i s  point ,  

conditions approach those ex is t ing  i n  the pools of Sphaqnum peatlands. 

A " C h i  ronomus-Monopsectrocladius-Psectrocladius" associat ion typical  

of peat-pools eventually replaces the "Tanytarsini-Procladius" fauna 

cha rac t e r i s t i c  of shallow, humic lakes. The physical ,  chemical, and 

b i o t i c  fac tors  accompanying th i s  succession a re  complex. Psectrocladius,  

Monopsectrocladius, and other genera displayed a f f i n i t i e s  to  macrophyte 

cover. The author has speculated as t o  the s ignif icance of the temporal 

d i s t r ibu t ion  of chi ronomi ds i n  humic waters. 

Mixing of sediments imposes d i f f i c u l t i e s  in the in te rpre ta t ion  

of subfossil  assemblages. The resolution i s  s u f f i c i e n t  only f o r  

invest igat ions  of long-term successional changes spanning hundreds o r  

thousands of years.  The t h i n  head capsules of Procladius were 

consis tent ly  under-represented i n  t he  sediments. I t  i s  suggested t h a t  

Procladius,head capsules a r e  not as r e s i s t a n t  t o  decomposition o r  

mechanical damage. For other genera, a good re la t ion  probably e x i s t s  

between biocenoses and thanatocenoses. Mixing of sediment obscures 

t h i s  re la t ion .  Where benthic chironomid production i s  low, the 

phytophi lous fauna may contribute s ign i f i can t ly  to  the thanatocenoses. 
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