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Abstract 

The North Slope of the Brooks Range in arctic Alaska has a complex glacial 

history, having been glaciated several times since the late Tertiary. As a result of these 

glaciations, a complex arrangement of glacial sediments is exposed on the tundra. It is 

the presence of the youngest glacial sediments, and their abundant lakes, which allows 

communities of fish to persist in this harsh environment. Although the importance of the 

lakes is known, the timing at which fish entered and become land-locked in specific lakes 

is not. The purpose of this study was to use paleolimnological information in an arctic 

lake, Fog Lake 3, to reconstruct the fish community dynamics in the lake, resulting from 

glacial and geomorphic processes on the landscape. 

Information about past conditions in the lake was inferred from biotic evidence 

and sediment characteristics in a lake sediment core. Grain size, lithology, and carbon 

chemistry were used as proxies for processes occurring in the lake and its watershed. The 

chironomid community structure was recreated throughout the length of the core by 

identification of fossil remains. The core was dated using 14C techniques to determine 

total age and sedimentation rates throughout the length of the core. 

The core was divided into two zones based on constrained incremental sum of 

squares cluster (CONISS) analysis of the grain size data. Although the CONISS analysis 

created zones, the only differences in grain size characteristics between zones were 

marginally significant. There was little difference in the carbon chemistry in the two 

zones. There appeared to be a significant decrease in the mass lost on ignition at 1000°C, 

but that mass is likely related to water in the mineral structure of clays and not proportion 

of carbonate rock. 
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Zones in the core were also developed using the CONISS method on the 

chironomid community composition data. While Tanytarsini (Tanytarsus and 

Paratanytarsus) dominated the chironomid community throughout the core, the upper 

zone had higher community diversity, as determined using the Shannon index. The upper 

zone (Zone 2) was further broken down using the CONISS results into Zones 2a and 2b. 

Comparison of the two zones showed an increase in chironomid diversity, an increase in 

Heterotrissocladius relative abundance, and a decrease in the proportion Tanytarsini 

through time. 

The evidence presented by this study suggests that the chironomid community 

composition was controlled by some factor or factors, possibly including fish community 

structure, which changed through time. The changes seen in the chironomid community 

are inconsistent with those expected if they were due to climate dynamics or major 

changes in lake levels. Increasing diversity of the chironomid community would be 

expected with increased predation pressures, such as those imposed on invertebrates by 

fish or with increased organic matter input to the lake sediments. 

The initial presence of fish in the lake possibly are related to changes in the 

diversity of the chironomid community which occurred between 7973±50 14C YBP and 

7344±45 14C YBP. Based on an increase in the chironomid community diversity, the best 

estimate of fish becoming landlocked in Fog Lake 3 is between 4230 and 4600 14C YBP. 
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Introduction 

Fish distributions in regions with complex glacial histories are often a result of 

drainage patterns formed during or after those glaciations (Hocutt and Wiley 1986, 

Mayden 1988, Pielou 1991, Power 2002). Determining historical fish distributions using 

fossil remains is challenging, as preservation of fish remains is rare in lake sediments. 

Using paleolimnological techniques, however, the historical distribution of fishes can be 

interfered using invertebrate remains as proxies for the presence or absence of fish 

(Lamontagne and Schindler 1994, Uutala and Smol 1996, Walker 2001, Sweetman and 

Finney 2003), fish population density (Kingston et al. 1992, Finney et al. 2000, Jeppesen 

et al. 2002, Sweetman and Finney 2003), or a change in the fish community structure 

(Kerfoot 1974, Kitchell and Kitchell 1980, Kerfoot 1981, Leavitt et al. 1989, Miskimmin 

and Schindler 1994). 

Fish populations on the North Slope of Alaska's Brooks Range have been 

dynamic through time with community distributions resulting from the complex glacial 

history of the region (Johnson 1980) and the geomorphic features of the lakes (Hershey et 

al. 1999). Lake fish communities in this region have been studied with regards to their 

distribution (Reynolds 1997, Hershey et al. 1999), diet (Goyke and Hershey 1992, 

Hanson et al. 1992), and trophic interactions (Hershey 1985a, 1992, McDonald and 

Hershey 1989). Although it is known that glacial and geomorphic processes have 

resulted in distinct community assemblages (Reynolds 1997, Klemetson et al. 2003), as is 

observed in land-locked populations of anadromous fish, the timing of these events has 

not been determined. 
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The arctic tundra on the North Slope of the Brooks Range in Alaska is an active 

landscape, having undergone several glaciations and continuing periglacial processes. 

There is evidence of four major glaciations and several smaller glacial events in the 

Itkillik River and Sagavanirktok River valleys (Hamilton 2002, 1978, 1979). The 

resulting complex glacial landscape is a result of multiple sources of glacier ice and 

repeated glacial advances. Periglacial processes include solifluction, thermokarst, and 

active freeze thaw (Hamilton 2002). 

Plant and animal remains, as well as inorganic sediment deposited in lake 

sediments, record the biotic and abiotic activity in the lake basin through time. Study of 

this sediment record is useful in reconstructing the history of the watershed by observing 

physical, biological and chemical changes. Lake sediments reflect the chemical and 

physical conditions in the catchment at the time of deposition. Biological or geological 

activity in a watershed can influence the lake sediments including the type and amount of 

sediment deposited (Birks and Birks 1980). 

Changes in the sediments themselves reveal the history of the lake and 

surrounding basin. Sediment size, shape, sorting, and composition are changes in the 

sediment that can be noted by analyzing lake sediment cores. They can reflect both 

allochthonous and autochthonous changes in primary productivity, lake energy, and 

residence time of water in the lake (Birks and Birks 1980). 

Particle size is indicative of the amount of water movement in the system (both in 

the lake and watershed) at the time of deposition. Inorganic sediments can reflect the 

amount of erosion in the watershed due to both anthropogenic and climatic events. The 
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proportion of inorganic sediments is also influenced by the amount of vegetation in the 

catchment (Birks and Birks 1980). 

Chironomids and their use in paleolimnolgical studies 

Remains of invertebrates, vertebrates, pollen, and woody plant material may be 

preserved in lacustrine sediment. The insect family Chironomidae (Order Diptera) is 

useful in the study of lake paleoecology for several reasons. Chironomidae is among the 

most diverse and widely distributed free-living insect family; it is estimated that there are 

about 15,000 species worldwide (Cranston et al. 1983, Fittkau and Roback 1983, Pinder 

and Reiss 1983, Epler 1995). Chironomids are usually abundant, and the family includes 

species that are able to exploit extreme conditions including wide ranges of salinity, pH, 

temperature, depth, velocities, and oxygen concentrations (Armitage et al. 1995). Many 

individual species of chironomids are adapted to specific niches, such as hot springs, thin 

films of water, the hyporheic zone, phytotelmata, soils, and brackish water (Oliver 1971, 

Pinder 1986, Pinder 1995). The remains of chironomid larvae preserve well in sediment 

and are identifiable (Hofmann 1988). The short life span of chironomids results in high 

resolution in the fossil record as they respond quickly to environmental change relative to 

other insects due to their ability to disperse as flying adults (Walker et al. 1991 ). 

Because chironomids are adapted to specific environmental conditions, the 

composition of the chironomid community can be used to reconstruct the ecological 

conditions at the time of sedimentation (Walker 2001). Changes in the sediment fossil 

record reflect changes in the ecology of the lake. Likewise, lack of change in the fossil 

record reflects stability in the lake ecosystem (Hofmann 1988). 
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Chironomids have been widely used in lake typology studies. The first use of 

chironomids in lake type classification studies were by Brundin (1958) and Saether 

(1975). In these studies the chironomid community compositions were used as indicators 

of oxygen availability and lake trophic conditions. Saether (1979) later constructed 

fifteen profundal chironomid communities that could be used to classify lake trophic 

state, and found that classifications based on these community structures corresponded 

well with total phosphorus and total chlorophyll-a in the lakes. 

Since these studies, chironomids have been used as indicators of organic 

enrichment (Davies and Hawkes 1989, Pinder and Farr 1987, Quinlan et al. 1998, Francis 

2001, Little and Smol 2001, Amsinck et al. 2003, Merilainen et al. 2000) and 

acidification of aquatic systems (Wiederholm and Erikson 1977, Walker et al. 1985), to 

describe the pollution history of lakes (Wiederholm 1984, Ilyashuk and Ilyashuk 2001), 

and in climate studies (Walker and Paterson 1983, Schakau 1986, Lotter et al. 1999, 

Battarbee 2000, Larocque et al. 2001, Palmer et al. 2002, Porinchu and Cwynar 2002). 

Several studies have used invertebrate subfossils as proxies for vertebrate community 

structure (Jones and Juggins 1995, Sun et al. 2000, Sweetman and Finney 2003), 

including indicators of fish presence/absence (Uutala 1990, Kingston et al. 1992, Uutala 

et al. 1994, Uutala and Smol 1996). Chironomid community structure has been used as 

indication of air and water temperatures (Walker et al. 1997, Lotter et al. 1997, 0 lander 

et al. 1997, Brooks and Birks 2000), lake succession following glaciation (Cwynar and 

Levesque 1994, Hofmann 2001), and lake level changes (Hofmann 1998). Presence and 

absence of specific species have been used to indicate climatic conditions and organic 

- 4 -



matter content of sediments (Larocque et al. 2001 ), temperature and depth (Walker et al. 

1991 ), trophic state (Saether 197 5), and sedimentation (Merilainen et al. 2000). 

This study uses historical chironomid community assemblages to reconstruct the 

fish community dynamics in an arctic lake having a land-locked population of arctic char 

(Salvelinus alpinus) and slimy sculpin (Cottus cognatus) as a result of the glacial history 

and geomorphic processes on the landscape. Biological, physical and chemical 

parameters will be examined. I will use modem comparisons offishless and char/sculpin 

lakes, changes in the chironomid community structure, and sedimentary features to 

understand the history of the lake. 

Setting 

North Slope Fishes 

Six species of fish are found in lakes in the vicinity of the Toolik Lake Field 

Station and include lake trout (Salvelinus namaycush), arctic char (S. alpinus), burbot 

(Lota Iota), slimy sculpin (C. cognatus), arctic grayling (Thymallus arcticus), and round 

whitefish (Prosopium cylindraceum) (Hanson et al. 1992). Of these, only grayling, 

sculpin, and whitefish are found in streams and rivers (Reynolds 1997). Typically arctic 

char are anadromous, overwintering in lakes (Johnson 1980, Parker and Johnson 1991). 

Char found in North Slope lakes are typically land-locked populations of Salvelinus 

alpinius, a taxon morphologically similar to Salvelinus malma (dolly varden char) found 

in rivers. Dolly varden char appear to have displaced S. alpinius in North Slope streams 

(Bahr et al. 2003). Where land-locked populations of the formerly anadromous arctic 

char are found in North Slope lakes they are considered glacial relicts (Reist et al. 1997). 

- 5 -



Arctic lake fish and invertebrate populations are depauperate; however, their 

trophic structure is similar to temperate lakes (Hershey et al. 1999). Lake community 

structure is related to the interactions between organisms and their food sources. The 

effects are a result of bottom-up influences, such as amount of primary production 

(Schindler 1987), and top-down controls on the food web (Shapiro 1980, Carpenter et al. 

1985). The most important interactions in arctic lakes are between benthic and pelagic 

species (Hershey 1985a, 1992) with aspects of community structure being controlled by 

the top predators. Lakes with lake trout and possibly arctic char as the top predator are 

known to influence the chironomid community structure by increasing chironomid 

density, biomass, species richness, and Shannon index (H') (Goyke and Hershey 1992, 

Hershey et al. 1999). Many of the lake systems have just two species of fish and are 

lacking large invertebrates commonly found in lakes. In these lakes chironomid larvae 

become especially important in trophic structure, and they may dominate benthic 

communities (Hershey 1985b ). 

Glacial and Postglacial History 

On the north slope of the Brooks Range there is evidence of four major 

glaciations. In the late Tertiary to early Pleistocene there were two glacial periods, the 

Gunsight Mountain and Anaktuvuk River Glaciations (Hamilton 1978, 1986, 1994, 

2002). Deposits of these early glaciations are overlain by sediments of the Sagavanirktok 

River Glaciation, which occurred at some time in middle Pleistocene (about 780,000 to 

125,000 ybp). These sediments, in turn, are overlain by sediments of the Late Pleistocene 

Itkillik glacial sequence (Hamilton and Porter 1975). Each successively younger 

glaciation is less extensive, extending shorter distances from the Brooks Range. 
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Sediments and landforms of all four glaciations are therefore exposed on the North Slope 

(Hamilton 1978). 

Itkillik glaciation is characterized by two major glacial advances. The Itkillik I 

phase is beyond the limit of 14C dating. At their maximum, ice of the Itkillik I 

glaciations filled the present-day Itkillik, Atigun, and Sagavanirktok River valleys. In the 

Sagavanirktok River valley the glacial lobe was 14 km wide and extended 40-50 km 

north of the Brooks Range. The Itkillik II glaciation is of Late Wisconsin age and is 

characterized by two advances between 25-11.5 ka. The younger readvance is dated 

between 12.8 and 11.4 ka (Hamilton 2002). The younger Itkillik II glaciation had similar 

glacial flow pattern into the Itkillik, Sagavanirktok and Atigun River Valleys (Hamilton 

1978, 2002). 

Geomorphic differences have been observed by Hamilton (2002) in glacial 

landscapes of Itkillik I and Itkillik II ages. Sediments of Itkillik I age have undergone 

some post-glacial modifications including slight flattening of moraine crests, 

developments of frost hummocks and frost boils, secondary and tertiary polygons, and 

erratic boulders showing various degrees of weathering. Moraines typically have patchy 

heath plants on crests along with bare gravel. Slopes have silty solifluction deposits. 

Kettles are usually present, have wet, marshy banks, and are usually connected by small 

streams with well developed drainage networks. 

Sharp moraine fronts delineate the boundary between Itkillik I and II glaciations. 

Moraines ofltkillik II age are rockier, less vegetated, and more irregular than Itkillik I 

moraines. They have retained surface features such as meltwater channels, multiple 

crests and ridges along their edges, and primary ice polygons. Soils are not as well 
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developed. Solifluction is not as common, drainage patterns are poorly developed and 

kettles are isolated. Lakes have steep slopes, irregular outlines, and lack much of the 

shoreline vegetation of older kettles. Some kettles are still forming. 

Fog Lake 3 (UTM T6 7620400N 415500E) is one in a group of five high-

elevation lakes in a lake district on the north slope of the Brooks Range on the arctic 

tundra near the Toolik Lake Long Term Ecological Research site (Figure 1). Fog Lake 3 

has an area of 3.8x104 m2 and a watershed area of 3.9x105 m2 (including the lake). 

Located within the limit ofltkillik II glaciation (Late Wisconsin age, 25,000-

11,000 ybp, Hamilton 1978), the lakes are glacial kettles underlain by a continuous zone 

of permafrost (Ferrians 1994). Interpretation of topographic maps and aerial photos show 

evidence of changes in the drainage scheme of the lakes due to stream piracy and other 

geomorphic processes (Hershey et al. 1999). Stream piracy is the process of diversion of 

rivers from one drainage into an adjacent catchment due to the headward erosion of small 

streams in the adjacent catchment (Mackin 1936, Easterbrook 1993). Located on the 

lateral moraine ofltkillik II age glacial till, Fog Lake 3 would have only been able to 

drain to the northwest into Oksrukuyik Creek when ice ofltkillik II age filled the current 

Sagavanirktok River valley (Figure 2). As the glacier retreated into the Brooks Range to 

the south, meltwater streams in the valley eroded headward intersecting the Fog Lakes. 

This altered the drainage pattern of the Fog Lakes, capturing them into a higher gradient 

watershed. Ultimately, the glacial retreat resulted in the disappearance of paleooutlet 

streams and the isolation of the lakes from rivers. The current outlet of the Fog Lakes is 

to the east, into the Sagavanirktok River basin (Figure 2). 
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The fish community in Fog Lake 3 includes arctic char and slimy sculpin. The 

current outlets of the lakes, and the only accesses into the lakes, have gradients too steep 

to allow char and sculpin to ascend into the lakes from the Sagavanirktok River below. 

Therefore, it is assumed that the land-locked populations of char and sculpin in some of 

the Fog Lakes are relicts of the former geomorphologic configuration of the lakes with 

outlets to the north along Oksrukuyik Creek into the Sagavanirktok River (Hershey et al., 

1999). 

Community dynamics 

Hershey et al. (1999) found that arctic lake communities could be characterized 

using geomorphic characteristics of the lake basin including parameters such as lake area, 

maximum lake depth, and outlet gradient. The geomorphic characteristics limit which 

fish species may inhabit a lake. For example, slimy sculpin are poor swimmers and lack 

swim bladders (Scott and Crosman 1973). They are not able to jump even small 

waterfalls or migrate long distances, and they are not found in streams that freeze solid. 

Lakes may be fishless if the right combination of geomorphic constraints apply to the 

lake basin (i.e. the gradient of the outlet is too steep for fish to ascend, lake depth is not 

sufficient to allow overwintering, and the lake is not connected to other lakes). 

In turn, the fish species control the trophic structure of lakes (McDonald and 

Hershey 1989, Hershey et al. 1999, Jeppesen et al. 2001). On the north slope of the 

Brooks Range, where lake trout and arctic char are the top predators, other fish in the lake 

(slimy sculpin) are forced to the littoral zone to reduce the risk of predation where there is 

lower food quality and therefore lower growth rates (McDonald and Hershey 1989, 

Hanson et al. 1992). 

- 9 -



Large, predatory chironomids are more abundant in fishless lakes than in lakes 

having a community of predaceous fish (Goyke and Hershey 1992, Hanson et al. 1992). 

However, the diversity of the chironomid community is greater in lakes having fish, but 

chironomid density was reduced up to 20 times (Goyke and Hershey 1992). No 

predatory chironomids were found five years after slimy sculpin were introduced to a 

fishless tundra lake (Hershey et al. 1999). 

Methods 

Coring and core analysis 

Fog Lake 3 was cored in the summer of 1998 using a modified piston corer 

(Livingstone, 1955) that was manufactured in the lab of Dr. Michael Miller at the 

University of Cincinnati. The corer was suspended from a plywood platform supported 

by two rubber rafts. The lake was cored at its maximum depth of 21 meters, as 

determined using a handheld diving sonar apparatus (Hondex brand). The corer was 

suspended just above the lake floor when coring was started to preserve the upper most 

layer of sediment. The corer was driven into the sediment until hammering did not result 

in further driving of the corer. The resulting core had a length of 1.28 meters. The core 

was then brought to the surface and immediately sealed at the bottom using custom fitted 

rubber stoppers. The water at the top of the core was drained off, and the top of the core 

was sealed. 

In the lab, the core was cut into two sections, 0.54 and 0.74 meters in length. The 

cores were then transported to the Limnological Research Center on the Twin Cities 

Campus of The University of Minnesota, where they were run through a magnetic 

susceptibility bridge and densitometer. The cores were then split longitudinally and the 
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sedimentary structures including grain size, layering, and color (Munsell 1944) were 

recorded. 

Percent water, organic carbon, and inorganic carbon were determined by loss on 

ignition (Dean 1974, Bengtsson and Enell 1986). One cubic centimeter subsamples were 

taken at five-centimeter intervals down the core. The subsamples were heated at 11 o0c 

overnight, and then at 550° and 1000 °c for at least an hour at each temperature. Mass 

lost at each temperature recorded. 

Additional subsamples of 1.5 cm3 were recovered at five-centimeter intervals for 

grain size analysis using settling sediment grains through a water column (Folk 1974). 

The samples were processed in the sediment lab in the Department of Geological 

Sciences at the University of Minnesota-Duluth. 

The core was subsampled every 5 cm for chironomids. A 0.5 centimeter slice of 

the core was removed and processed using the method ofHoffinan (1986). The sediment 

was deflocculated in a warm solution of 10% KOH for 30 minutes, and centrifuged for 

ten minutes. The supemate was removed and the sediment was rinsed with distilled 

water and centrifuged again for ten minutes. The supemate was again removed and 

passed through two sieves with openings of250 micrometers and 106 micrometers. 

Samples were stored in 90% ethanol until they were examined under a dissecting 

microscope. Chironomid headcapsules were picked out of the remaining sediment and 

mounted on microscope slides using Hoyer's mounting medium (Borror et al. 1989). 

Headcapsules were identified to genus under 1 OOX power on a compound scope. The 

keys of Merritt and Cummins (1996) and Wiederholm (1983) were used for 

identification. For each sample at least 50 headcapsules were identified. 
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Three layers in the core were 14C dated using ASM radiocarbon analysis at the 

National Ocean Sciences AMS Facility at the Woods Hole Oceanographic Institution in 

Woods Hole, Massachusetts, using bulk sediment. The bottom layer was dated to obtain 

lake age. The core was also dated at 85.25 cm and 100.25 cm, as those layers were 

located at the boundaries of obvious changes in the chironomid community structure. 

The Shannon index (H') was calculated for each chironomid subsample. The 

Shannon index is a relative measure of species richness and is calculated as follows: 

H' = -I.pi (logpi), 

where Pi is the proportion of the total number of individuals in the ith genus (Hauer and 

Resh 1996). 

The stratigraphic data were plotted using Tilia 2.0 (Grimm 1987). Zonation of the 

chironomids and grain size analysis data was performed using constrained incremental 

sum of squares cluster analysis (CONISS for Windows). CONISS is a multivariate 

technique for quantitatively defining stratigraphic zones in sediment cores. The creation 

of zones using the method is based on minimizing the within-zone dispersion of the data 

(Grimm 1987). 

Zonation based on chironornid data used only taxa found to be significantly 

different in modem fishless and char/sculpin lakes based on step-wise functional analysis 

(Gretchen Gettel, Cornell University, personal communication). All data were tested for 

autocorrelation using time series analysis. Significant differences between zones in the 

core were determined by a two-tailed Mann-Whitney test. All p-values less than or equal 

to 0.10 are reported, although those between 0.05 and 0.10 will be considered marginally 

significant. 
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Results 

Sediment Lithology 

About 128 cm of sediment was recovered in Fog Lake 3 from a depth of21 

meters, with the water-sediment boundary preserved at the top of the core. The 

sediments ranged from light to dark gyytia throughout the core, punctuated with layers of 

clay and organic silt in the top 90 cm (Table 1 ). There were two thin layers of dark silt 

containing nodules near the base of the core. 

Carbon Chemistry 

The loss on ignition (LOI) at 550De ranged from 3.2% to 4.9% of the dry mass of 

the subsamples (mean=3.9%, SD=0.003) in the entire core length (Table 2, Figure 3). 

The LOI of the subsamples ranged from 0.10% to 0.48% of dry weight (mean=0.28%, 

SD=0.0011) at 1000 De. Percent of dry mass lost at 550 and 1000 De was 3.9% and 0.3% 

in Zone 2 and 3.8% and 0.4% in Zone 1 (Figure 4, Table 3). When Zone 2 was further 

separated into two subsections loss at 550 and 1000 De were 4.2% and 0.4% in Zone 2a 

and 3.8% and 0.2% in Zone 2b (Table 3). 

Grain Size Analysis 

All of the subsamples were predominately silt, ranging from about 78 to 100% 

(Table 3). Only 7 of the subsamples had sand present. Mean size ranged from 5.4 phi to 

7.1 phi. Standard deviation (which can be interpreted as sorting, Folk 1974) ranged from 

1.2 to 2.0 phi. The eONISS invertebrate and grain size cluster analysis resulted in a 

zonation of the core into two main sections or zones (Figure 4). The boundary between 

Zone 1 and Zone 2 based on grain size analysis lies between 99.5 and 100.25 cm depth 

(Figure 4). 
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Zones 1and2 have an average of 88.3% and 91.6% silt, respectively (Table 3). 

Sand and clay averaged 0.7 % and 11.1%and0.5% and 7.9% respectively. Mean grain 

size was 6.5 phi in Zone 1 and 5.9 phi in Zone 2 (SD 1.7 phi in both zones). 

Zone 2 can further be divided into 2 subzones based on the chironomid 

community cluster analysis discussed below, with Zone 2a between 53-100.25 cm depth 

and Zone 2b all data above 53 cm depth in the core. Zone 2a was 0.2% sand, 91.7% silt, 

8.2% clay, and had a mean size of 5.8 phi. Zone 2b was 0.7% sand, 91.6% silt, 7.8% 

clay, and had a mean size of 5.9 phi. (Table 4). Mass lost at 1000°C comprised 0.35% of 

the dry mass in zone 2a and only 0.18% in zone 2b (Table 3). The percent clay in the 

whole core is variable through time, erratic in the bottom meter and consistently low in 

the top 30 cm (Figure 4). 

Chironomid Community 

Throughout the core the lake is dominated by Tanytarsini (Tanytarsus and 

Paratanytarsus), with the tribe contributing at least 50 percent of the individuals through 

time (Figure 5). The genera Tanytarsus and Paratanytarsus are grouped together as 

Tanytarsini here, as identification to a lower level was not possible for most of the 

subfossil Tanytarsini in the core. 

CONISS results showed two major groupings of Chironomidae, with the 

boundary between 94.25 cm and 105.25 cm (Figure 6). The lowermost zone (Zone 1) 

was made up of the three subsamples found at the base of the core. The remaining 

subsamples grouped together to form a larger second zone, which was separated into two 

smaller zones (Zones 2a and 2b ). 
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Zone 1 was dominated by Tanytarsini (Table 4, Figure 5). None of the three 

predatory chironomid taxa found in the lake (Procladius, Protanypus, and Monodiamesa) 

were present in Zone 1. Heterotrissocladius spp. made up less than 4 percent of the total 

individuals in Zone 1. The mean Shannon index of the zone (Figure 7, Table 4) was< 1. 

Zone 2 was also dominated by the tribe Tanytarisini. However, the overall 

diversity as measured using the Shannon index was higher in Zone 2, with a mean 

diversity of > 1.7 (Table 4). The predatory chironomid Procladius sp. was found at 4 

intervals in Zone 2, while Protanypus and Monodiamesa were both found at one interval 

(Figure 4). Heterotrissocladius relative abundance increased in Zone 2 to 4.5 percent. 

Based on the cluster analysis results, Zone 2 was further broken down into two 

subzones (Figure 6). The Shannon diversity was 1.64 and 1.75 in zones 2a and 2b 

respectively. Breaking Zone 2 into subzones showed trends of increasing 

Heterotrissocladius, increasing H' diversity, and decreasing Tanytarsini through time 

(Table 5). 

Radiocarbon Dating 

The core was radiocarbon dated at three depths (Table 6). A date of 9440 years ± 

50 years was obtained at the base (128.15-128.65 cm), 7660 years± 45 years at 100.0-

100.5 cm, and 6870 years± 40 years at a depth of 85.0-85.5 cm from the surface 

(Schneider, 2000). Based on the radiocarbon dates, I was able to interpolate 

sedimentation rates of 0.012 cm/yr between 0-85.25 cm, 0.019 cm/yr between 85.25-

100.25 cm and 0.016 cm/yr between 100.25 and128.40 cm (Table 7). 

Discussion 
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The paleolirnnological data collected in Fog Lake 3 indicates there are two major 

zones into which the sediment (i.e., the lake history) can be separated. The lithology of 

the lake sediment core suggests there are differences in sediment composition in Zones 1 

and 2. Smaller mean sediment size and higher % clay in Zone 1 may represent a period 

of fewer storm events in the region, a larger lake basin, or more fine sediments available 

in the watershed. As you go from the littoral zone to the center of a lake basin mean 

sediment size decreases (Digerfeldt 1986). It would be expected that there would be 

some change in the physical properties of the sediments related to the change in outlets. 

One possibility is that the lake level dropped when the current outlet of the lake was 

established, as the lake outlet would only change if a new, lower outlet to the lake were 

formed. This drop in lake level would also result in a change in surface area of the lake 

and the distribution of sediments in the lake. When lake level drops, any given point in 

the lake basin becomes closer to the lake margin, where the coarsest sediments are 

deposited. This may result in a coarsening of sediments deposited in all areas of the lake 

(Digerfeldt 1986). The source of sediments to the lake is glacial till within the active 

layer of permafrost. Through time, it is likely the fine sediments (ie. clays) weathered out 

of the sediments (Hamilton 2002). This weathering would decrease the proportion of 

clay in the watershed, which is the source of sediments in the lake. It is likely that 

weathering of sediments in the watershed resulted in the observed lower percent clay in 

the more recent sediments. 

There was no significant change in the carbon chemistry (Meyers and Ishiwatari 

1995, Meyers and Teranes 2002) of the lake through time in Fog Lake 3. Although there 

appears to be a significant decrease in mass lost at 1000 °c through time, it is likely due 
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to dehydration of clays in the sediments and should not be interpreted as a change in the 

proportion of carbonate minerals (Dean 1974). As a lake ages, the relative amount of 

total inorganic carbon is expected to decrease, due to increased primary productivity and 

organic acids, decreased weathering of the carbonate rocks in the watershed, and lower 

pH (Engstrom et al. 2000). Total organic carbon would proportionally increase with lake 

age because of the increase in primary production. The carbon chemistry does not reflect 

eutrophication of the lake. 

Based on top-down control of the food web, we would expect to see a decrease in 

primary production related to the presence of piscivorous fish in the lake which depress 

the primary consumer populations through the trophic cascade (Shapiro 1980, Carpenter 

et al. 1985, Leibold 1989, Jeppesen et al. 1997). However, several researchers have 

found that there is a decoupling of the trophic cascade in oligotrophic lakes, with effects 

of fish predation on planktivores and zooplankton not cascading to the phytoplankton 

(McQueen et al. 1986, Currie et al. 1990, Jeppesen et al. 2001). In Fog Lake 3 we see no 

decrease in the total organic carbon concentration. Increased chironomid biomass or 

production (associated with the presence of piscivorous fish) might be assumed to 

decrease the amount ofbenthic carbon by reduction ofbenthic algal biomass through top-

down control of the food web, as has been shown in studies of snails in littoral habitats 

(Bromark et al. 1992, Martin et al. 1992, Bromark 1994, Walker McCollum et al. 1998). 

No studies, however, have shown the effects of predatory fish cascading down to the 

benthic primary producers through chironomids. Conversely, benthic organic carbon 

may exert bottom-up control on the chironomid community (Hirabayashi and Wotton 

1999, Vos et al. 2002). Neither chironomid biomass nor production was calculated as 
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part ohhis study, so the effect of changes in fish community structure are not obvious by 

looking at the organic carbon content of the sediments. Additionally, there may be a 

decoupling of the food web between primary consumers and their food source, resulting 

in no change in total organic carbon in the sediments as related to interactions with higher 

trophic levels. This decoupling may be the result of nutrient limitation being stronger 

than the effects of low grazing on primary producers. 

The increased organic carbon content of the sediments in the upper zone of the 

core also could reflect decreased dilution of nutrients related to a decrease in residence 

time of water in the lake (Whiteside 1983). With a new outlet and larger watershed area 

(due to lower lake level) and assuming that all inputs and outputs of water in Fog Lake 3 

remain equal, the residence time of water in the lake would decrease, resulting in a 

decrease in nutrient dilution. If summer temperatures in the vicinity of Fog Lake 3 were 

to decrease, the active layer of the permafrost would become smaller, reducing the 

amount of water available in the catchment, which would also reduce lake volume 

(Young 1994). 

The zonation of the core based on the cluster analysis of the chironomid 

community assemblage correlates well with the zonation based on the cluster analysis of 

the grain size analysis of the core. Heterotrissocladius sp. and Tanystarsus spp. were the 

only two taxa showing significant differences between Zones 1 and 2. 

Heterotrissocladius is associated with very cold waters and the earliest development of 

lakes. It is often used as an indicator of climatic change, being more abundant in colder 

climates. Used as an indicator of deglaciation in north temperate lakes, the relative 

abundance of Heterotrissocladius typically declines sharply with deglaciation (Walker et 
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al. 1991). Heterotrissocladius showed the opposite trend, being less abundant in the time 

period directly following deglaciation and increasing in abundance through time. 

In a comparison of lakes above and below tree line in subarctic Sweden, Larocque 

et al. (2001), found that Tanytarsus was only found at warmer, forested sites, while other 

taxa (including Abiskomyia, Diamesa, Corynoneura, and Heterotrissocladius) were 

indicative of colder, more oligotrophic lakes. Korhola et al. (2000) found that variance in 

chironomid communities in subarctic Fennoscandian lakes could best be described by 

sediment organic content, water temperature, and maximum lake depth, with 

Heterotrissocladius found in the deepest, coldest lakes. 

The oldest part of the Fog Lake core is dominated by Tanytarsini. At the time the 

lake formed, about 9500 ybp, the North Slope was undergoing a period of warmer than 

present temperatures. By 6000-4000 years ago, the arctic reached modem climatic 

conditions (Brubaker et al. 1995, Anderson et al. 2001). There was a shift in chironomid 

community structure from Tanytarsini to taxa that are more indicative of older, deeper 

lakes, including Stictochironomus and Heterotrissocladius. It appears that the 

chironomid community of Fog Lake 3 may be responding to this cooling climate since 

the formation of the lake. 

Tanytarsus sp. is often used as an indicator of an oxygen-rich hypolimneon in 

temperate lakes (Hoffman 1988). Fog Lake 3 has significantly more Tanytarsus in the 

lower zone than the upper zone. It should not be assumed, however, that this is the result 

of eutrophication of the lake. Hoffman (1988) warns against using Tanytarsus to 

determine trophic state of lakes, as they are found in both eutrophic and oligotrophic 

waters. This is true in the Fog Lake 3 core as well, since other taxa indicative of 
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oligotrophy (Saether 1975) (Heterotrissocladius, Protanypus, Monodiamesa) are found 

throughout the lake core. 

Hofmann (1998) used the chironomid community of the Belauer See, Germany, 

to infer lake level changes in sediment cores. He found a shift from sublittoral taxa 

(Tanytarsus) to upper littoral taxa (Limnophyes, Microspectra, Pentaneurini, and 

Polypedilum) and Chironomus corresponding to water level lowering. In Fog Lake 3 

there is not as dramatic a change in the community composition, as Tanytarus never 

disappears from the core, although its relative abundance decreases at the top of the core. 

There is a trend of increasing richness in the upper part of the core, including the increase 

in relative abundance of littoral zone chironomids (Polypedilum, Chironomus, and 

Abiskomyia). Because the area of Fog Lake 3 is small, it is possible that changes in lake 

volume would not change the community composition as profoundly as Hoffman found, 

or that the part of the lake sampled by the core was profundal throughout the lake history. 

The change in the Shannon Diversity of the chironomid community can not be 

explained by climate dynamics. It would be expected that the highest diversity would be 

during the warmer period. However, the Shannon-Wiener diversity index of the lake is 

significantly higher in the upper zone of the core, which was deposited after the warmer 

climatic period in the lake's early history (Brubaker et al. 1995). Thus, some factor or 

factors other than climate appeared to be regulating the chironomid community diversity. 

Hershey et al. (1999) found that lake-trout dominated-lakes, which may be similar 

to arctic char/slimy sculpin lakes, have higher chironomid density, biomass, species 

richness, and H' than present day fishless lakes. McDonald and Hershey (1992) and 

Hanson et al. (1992) found that in lake trout/slimy sculpin lakes, the trout determine the 
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distribution of the sculpin by forcing the sculpin into the near shore habitat, where risk of 

predation is low (McDonald and Hershey 1989). The sculpin, in turn, control the 

abundance, biomass and diversity of chironomid larvae on the bare substrate (Hershey 

1985, Goyke and Hershey 1992). In addition, the chironomid community diversity 

increases in each subsequent zone of the core. Increased chironomid diversity would also 

reflect increased organic matter input to the lake. 

Presumably Fog Lake 3 was fishless when it formed. Fish would not have been 

able to enter the lake until a drainage pattern was established that provided access (low 

gradient streams, connected to streams used by the fish). Once a passage to the lake was 

established anadromous char may have used the lake freely as an overwintering site until 

the drainage pattern of the lake changed, restricting movement into and out of the lake. 

During the period of free char movement into and out of the lake, adult char would have 

been residents for part of the year, while juveniles would not migrate out of the lake for 

the first time until the age of 3-7 years (Kiemetsen et al. 2003). 

Based on the evidence in the chironomid community diversity, changes that are 

best explain the initial presence of fish in Fog Lake 3 occur between 94.25 cm and 105.25 

cm depth. Ifwe use the known date of the core at 100.25 cm and sedimentation rates 

based on other radiocarbon dates (Table 7) we can date the boundary of diversity change, 

and presumably arrival of fish in the lake, between 7973±50 14C YBP and 7344±45 14C 

YBP. 

Based on grain size analysis data (Tables 2 and 3) changes in sediment 

characteristics occurred between the depths of 95 cm and 101 cm. Using the same 

interpolation technique described above for the chironomid diversity, the age of the 
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boundary layer for outlet change occurred between 7707±50 14C YBP and 7384±45 14C 

YBP. Because the cluster analysis does not show a strong grouping of the point at 89.5 

cm in the grain size analysis (Figure 4) to either Zone 1 or 2, that point could be included 

in Zone 1. This would date the upper limit of Zone 1 at 7094±45 14C YBP. The 

differences in the zones created by the CO NISS analysis of the grain size characteristics 

are not as large as those between zones in the chironomid community cluster analysis 

based on the total sum of squares of both analyses (Figure 4 and Figure 6) 

The chironomid community data show a trend of increasing diversity and relative 

abundance of Heterotrissocladius through time, indicating influences other than climate 

cooling are affecting the chironomid community composition. The significantly higher 

H' diversity of the chironomid community would be an expected result of increased 

predation pressure due to anadromous fish becoming landlocked. This increases the 

predation pressure on invertebrates, as adult char occupy the lake for the entire year. 

Based on the chironomid community cluster analysis, radiocarbon dates, and 

sedimentation rates calculated between 0 and 85.25 cm (Table 7), the best estimate of the 

time when the fish became land-locked due to loss of the low gradient outlet of Fog Lake 

3 is between 4230 and 4600 14C YBP. 

The evidence from the core suggests there have been major changes in the 

chironomid community composition in Fog Lake 3 since its formation about 9500 years 

before the present. These changes are likely a result of a combination of lake succession, 

climate dynamics, and changes in fish community structure. 
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Table 1. Lithology of Sediments Retrieved from Fog Lake 3 
Zone Depth Interval Description 

2b 

-----
2a 

-----
1 

(cm) 
0-23.5 
23.5-35.5 
35.5-54.5 
54.5-70.0 
70.0-87.5 
87.5-93 
93-93.5 
93.5-103 
103-104 
104-107 
107-110.5 
110.5-128.5 

Organic rich, gyytia 
Light brown, organic silt 
Organic silt and clay 
Dark brown, organic silt 
Very dark brown, organic silt 
Irregular layer of light and dark gyytia 
Thin layer of clay 
Irregular layer of light and dark gyytia 
Dark layer of silt with nodules 
Irregular layer of light and dark gyytia 
Dark layer of silt with nodules 
Irregular layer of light and dark gyytia 
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Table 2. Loss-on-ignition at 550 and 1000 °c data for the entire length of the core. 
L()lsso L()I1000 

range 3.2-4.9% 0.10-0.48% 
mean 3.9 0.28 

SD 0.003 0.0011 
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Table 3. Grain size analysis and loss-on-ignition data averaged for the three zones (±1 
SD). Zone 1 is data below 100 cm, zone 2a is data between 53-100 cm, and zone 2b is 
data above 53 cm. 

Zone 1 Zone 2a Zone 2b 
%sand 0.69 (1.37) 0.19(0.39) 0.65 (1.44) 
% silt 88.26 (4.92) 91.66 (5.46) 91.57 (5.55) 
%clay 11.06 (4.74) 8.15 (5.54) 7.78 (5.61) 

Mean size 6.47 (0.64)cd 5.83 (0.23)c 5.91 (0.46)d 
(phi) 

Sorting 1.65 (0.23) 1.66 (0.13) 1.71 (0.23) 
%H20 65.29 (4.62)a 64.83 (3.22)b 70.76 (5.26)ab 

% LOisso0c 3.74 (0.39) 4.18 (0.41) 3.80 (0.20) 
% LOI1000°c 0.38 (0.06) 0.35 (0.03) 0.18 (0.06) 

a and b, p:S0.05 
c and d, p:SO. l 0 
Mann-Whitney U-test 
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Table 4. Relative abundance and Shannon Diversity (H') for chironomid data averaged 
for the two zones (±1 SD). Zone 1 is data below 100.25 cm. Zone 2 is data above 100.25 
cm in depth. 

Chironomus 
Corynoneura 

Heterotrissocladius* 
Parakiefferiella 

Polypedilum 
Procladius* 

Tanytarsini** 
Shannon 

Diversity** 
* p<0.10 
* * p<0.05 
Mann-Whitney U-test 

Zone 1 
0.016 (±0.016) 

0 (±0) 
0.015 (±0.016) 

0 (±0) 
0.005 (±0.009) 

0 (±0) 
0.843 (±0.032) 
0.968 (±0.051) 
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Zone2 
0.015 (±0.092) 
0.026 (±0.041) 
0.045 (±0.026) 
0.007 (±0.011) 
0.066 (±0.205) 
0.003 (±0.041) 
0.615 (±0.065) 
1.680 (±0.192) 



Table 5. Relative abundance and Shannon Diversity (H') for chironomid data averaged 
for the three zones (±1 SD). Zone 1 is data below 100.25 cm. Zone 2a is data between 
53-100.25 cm and Zone 2b is data above 53 cm in depth. 

Chironomus 
Corynoneura 

Heterotrissocladius 
Parakiefferiella 

Polypedilum 
Procladius 
Tanytarsini 

Shannon Diversity 
a and b, p:S0.05 
c, p:S0.10 
Mann-Whitney U-test 

Zone 1 Zone 2a 
0.02 (0.02)3 0.04 (0.03) 

0 (0) 0.02 (0.02) 
0.02 (0.02)3 0.03 (0.02)c 

0 (0) 0.09 (0.01) 
0.01 (0.01) 0.00 (0.00) 

0 (0) 0.02 (0.01) 
0.84 (0.03)3b 0.63 (.08)b 
0.97 (0.05)ab 1.64 (0.26)b 
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Zone 2b 
0.05 (0.03)a 
0.03 (0.05) 

0.06 co.03r 
0.03 (0.01) 

0 (0) 
0.01 (0.01) 
0.59 (0.03)a 
1.75 (0.04)a 



Table 6. Radiocarbon dates of organic matter from Fog Lake 3 
Lab number Depth (cm) Material Ages 

(
14C yr BP) 

OS-24714 85-85.5 Sediment 6870 ±40 

OS-24715 100.0-100.5 Sediment 7660 ±45 

OS-24713 128.15-128.65 Sediment 9440 ±50 

Accumulation 
Rate (cm/yr) 

0.012 

0.019 

0.016 

Lab-National Ocean Sciences AMS Facility, Woods Hole Oceanographic Institution 
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Figure I. Location of Toolik Field Station in Alaska, with the inset showing the location 
of the Fog Lakes (enclosed in a circle in the upper right hand comer) relative to the 
Trans-Alaskan Pipeline (labeled as such),the Dalton Highway, depicted as a black and 
white line, and Toolik Lake Field Station. (From www.uaf.edu/toolik/maps/akmap.html). 
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Glacier Ice 

lN .... 
5 kilometers · 

Figure 2: Position of glacial ice and the Fog Lakes during Itkillik glaciation (left panel) 
and after deglaciation (right panel). Note that the Sagavanirktok River fills the valley 
which the glacier retreated from in post-glacial times, with the Fog Lakes altering their 
drainage pattern. Fog Lake 3 is the southernmost of the three lakes enclosed in the circle. 
From http://www.nrri.umn.edu/toolik/mooers.html. 
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Figure 3: Proportion of water, dry mass lost at ignition at 550°C, and dry mass lost at 
1000°C versus depth in the core. The zones are based on CO NISS analysis of 
chironomid community. 
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Figure 4: Results of grain size analysis versus depth. Units for mean size and standard 
deviation are phi. Standard deviation can be interpreted as sorting of sediment. Note the 

· CONISS results and the boundary between the two major zones at approximately 97 cm 
depth. The zones are based on the chironomid community analysis. 
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Figure 5: Percent relative abundance diagram for all taxa of Chironomidae in Fog Lake 3 
core. Tanytarsus plot includes Tanytarsus and Paratanytarsus spp. 
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Figure 6: Relative abundance of Chironomidae Genera used to create zones in the core. 
Note the CONISS cluster analysis results, with the two major zones having a boundary 
around a depth of 100 crn and a second boundary separates Zone 2 around 53 cm depth. 
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Figure 7: Shannon diversity (H') versus depth for Fog Lake 3 based on the chironomid 
community structure. The zones are delineated based on the chironomid community 
structure of taxa found to be significantly different in modem fishless versus char/sculpin 
lakes (Figure 6). 
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Appendix A. 
Subsample 
depth (cm) 

0.5 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
53 

54.25 
59 
64 
69 
74 
79 
84 
89 
94 
99 

104 
109 
114 
119 
124 
127 

Results of Loss on Ignition Analyses for Fog Lake 3 lake sediment core. 

% water 
72.6 
73.5 
72.9 
76.2 
77.8 
74.6 
67.2 
74.2 
68.8 
65.6 
65.5 
60.1 
57.1 
64.9 
63.2 
64.8 
66.4 
62.6 
61 .8 
67.4 
64.0 
68.4 
69.7 
67.2 
65.9 
61.1 
69.4 
58.3 

%LOlsso 
4.1 
3.8 
3.8 
3.5 
3.6 
3.7 
3.8 
3.6 
4.1 
4.0 
3.9 
3.7 
3.8 
4.0 
3.9 
3.5 
3.9 
4.5 
4.4 
4.2 
4 .9 
4 .3 
4.0 
4 .1 
3.4 
4.1 
3.2 
3.7 

%LOl1000 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.2 
0.2 
0.2 
0.3 
0.3 
0.3 
0.3 
0.4 
0.3 
0.4 
0.4 
0.3 
0.4 
0.3 
0.3 
0.3 
0.4 
0.4 
0.3 
0.5 
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Appendix B. Results of Grain Size Analysis for Fog Lake 3 lake sediment core. 
Subsample Mean Standard Skew-Deviation 
depth (cm) %clay % sand % silt Size (Ehi) ness Kurtosis 
0.0-1.5 6.00 0.00 94.00 6.57 1.88 0.09 -1 .72 
6.5-8.0 5.52 0.00 94.48 5.73 1.54 1.06 -0.01 
11.5-13.0 9.39 0.00 90.61 5.78 1.68 1.06 -0.22 
16.5-18.0 7.34 4.86 87.80 5.47 1.72 0.75 0.40 
22.0-23.5 7.35 0.00 92.65 5.55 1.60 1.35 0.49 
26.0-27.5 4.13 1.27 94.61 6.67 1.97 -0.17 -1.64 
31.0-32.5 2.72 0.00 97.28 5.28 1.25 1.68 2.11 
35.5-37.0 8.97 0.00 91 .03 6.56 1.94 0.14 -1 .71 
41 .5-43.0 21.38 0.00 78.62 5.86 1.97 1.14 -0.41 
47.0-48.5 2.64 1.67 95.69 6.03 1.78 0.1 9 -1.00 
51 .5-53.0 2.61 0.00 97.39 5.56 1.39 1.20 0.44 
54.0-55.5 15.32 0.00 84.68 5.84 1.84 1.07 -0.37 
60.0-61.5 4.25 0.00 95.75 5.47 1.55 1.40 0.53 
65.0-66.5 8.57 0.00 91.43 5.58 1.66 1.31 0.31 
70.0-71 .5 5.91 0.48 93.61 5.77 1.59 0.81 -0.27 
74.5-76.0 4.51 1.07 94.42 5.94 1.63 0.36 -0.45 
79.5-81.0 16.70 0.00 83.30 6.23 1.87 0.66 -1.04 
84.5-86.0 11.73 0.00 88.27 5.84 1.76 1.03 -0.35 
89.5-91.0 13.50 0.00 86.50 5.86 1.77 1.06 -0.27 
95.0-96.5 0.00 0.00 100.00 5.91 1.47 0.62 -1.07 
99.5-101.0 12.60 0.00 87.40 6.86 1.92 -0.10 -1 .61 
105.0-106.5 5.48 0.68 93.83 5.44 1.42 1.39 1.48 
110.2-112.0 5.71 0.00 94.29 6.39 1.63 0.35 -1 .18 
115.0-116.5 12.09 3.43 84.48 6.06 1.87 0.37 -0.46 
120.0-121 .5 17.90 0.00 82.10 7.01 1.74 0.02 -1.32 
125.0-126.5 12.58 0.00 87.42 7.05 1.35 0.71 -1 .50 
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Appendix C: Relative abundances of Chironomidae genera at each sub-sampling depth 
(cm). 

1.75 10.75 21 .25 30.25 40.75 50.75 55.25 64.75 74.75 
CORYNOCERA 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.00 
CHIRONOMUS 0.03 0.09 0.07 0.03 0.03 0.07 0.00 0.08 0.01 
STICTOCHIRONOMUS 0.14 0.15 0.13 0.10 0.06 0.05 0.15 0.10 0.20 
POL YPEDILUM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
EUKIEFFERIELLA 0.03 0.01 0.00 0.01 0.03 0.05 0.07 0.03 0.06 
HETEROTRISSOCLADIUS 0.10 0.01 0.07 0.08 0.05 0.05 0.00 0.04 0.04 
PARACLADIUS 0.07 0.00 0.04 0.01 0.06 0.08 0.04 0.01 0.02 
ZALUTCHIA 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
ABISKOMYIA 0.03 0.07 0.07 0.06 0.02 0.07 0.00 0.04 0.08 
CRICTOPUS 0.01 0.01 0.02 0.02 0.00 0.02 0.00 0.00 0.00 
PSECTROCLADIUS 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.01 
STILOCLADIUS 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
CORYNONEURA 0.00 0.01 0.00 0.03 0.13 0.00 0.00 0.01 0.02 
PARAKIEFFERIELLA 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
PROCLADIUS 0.01 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
MONODIAMESA 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 
PROTANYPUS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

84.75 94.25 105.25 115.25 125.25 
CORYNOCERA 0.00 0.00 0.00 0.00 0.00 
CHIRONOMUS 0.06 0.05 0.03 0.02 0.00 
STICTOCHIRONOMUS 0.14 0.06 0.05 0.05 0.05 
POL YPEDILUM 0.00 0.02 0.00 0.02 0.00 
EUKIEFFERIELLA 0.01 0.02 0.02 0.00 0.00 
HETEROTRISSOCLADIUS 0.05 0.02 0.03 0.00 0.01 
PARACLADIUS 0.07 0.06 0.03 0.03 0.03 
ZALUTCHIA 0.02 0.00 0.00 0.00 0.00 
ABISKOMYIA 0.01 0.03 0.00 0.05 0.03 
CRICTOPUS 0.00 0.00 0.00 0.00 0.00 
PSECTROCLADI US 0.04 0.02 0.00 0.02 0.00 
STI LOCLADI US 0.00 0.00 0.00 0.02 0.00 
CORYNONEURA 0.04 0.00 0.00 0.00 0.00 
PARAKIEFFERIELLA 0.01 0.03 0.00 0.00 0.00 
PROCLADIUS 0.01 0.00 0.00 0.00 0.00 
MONODIAMESA 0.00 0.00 0.00 0.00 0.00 
PROTANYPUS 0.00 0.02 0.00 0.00 0.00 
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