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Introduction

Glacial relicts (also called “glacial opportunists”) are minute micro-
invertebrateshatinhabitmanyfreshwatedakesin arcticto cold-temperateegions
of North America,Europe,andAsia. Prevalenin the GreatLakesregionof North
America,thesebenthicinvertebratesretheorizedto havemovedinto the areaby
navigatingthe proglacialwatersthatexistedin front of advancingce ageglaciers®
Sincetheir arrival, approximately3,500yearsago, theseorganismshavebecome
the bottom layer of the food chain for a wide variety of aquaticorganisms,
especiallyyounglake trout” For fish that inhabit deep lake bottoms of 60 feet or
more, glacial relicts are one of the rare food sourceshatthrive on the cold, dark
bottom? Such habitat selection makes glacial relict benthic invertebrates excellent
indicatorsof oligotrophicconditionsand,alongsideotherwidespreadood sources
such as cladocerans and cyclopoids, signs of a lake’s overall environmental health.

Unfortunately,recentyearshaveseena downwardtrendin the numberand
densityof glacialrelictsliving in the GreatLakesbasin.Studiesby the Inland Seas
EducationAssociationof TraverseCity, Michigan haveshowna steadydeclinein
the Lake Michigan populationof one particularglacial relict, Diporeia affinis.’
Commonlyreferredto asdiporeia,this 0.5-1.0cm organismis alsocommonin the
inland lakeslocatedjust eastof the Lake Michigan coastlinein northwestlower
Michigan. In light of the organism’sdeclinein Lake Michigan, concernshave
beenraisedconcerningthe healthand presentpopulationlevels for Diporeiain
neighboringlakes,as well asfor the effectsa Diporeiadeclinemay haveon a
lake’s overall physical condition.

To determineif a pronouncedleclinein Diporeiaor otherglacialrelictsis
indeedoccurringin northwestlower Michigan’s inland lakes, initial amountsof
theseorganismsmustbe known. Unfortunately,few publishedscientific records



concernglacial relicts living in Michigan inland lakes”®**'**2 A University of
Michiganresearcheampublishedthe lastmajor studyon this topicin 1978,which
followed a similar studyconductedn the 1950’s.Neitheroneof thesestudieswere
meantto be especiallyquantitative althoughthey do providerelative densitiesfor
a variety of comparablebenthicinvertebratesTo analyzethe current state of
benthic invertebratepopulations,however,more recentdatais necessaryTo
provide thesecrucial statistics,the Three Lakes Associationand Elk-Skegemog
LakesAssociationjointly conductedesearcho determinethe currentdistribution
anddensityof benthicinvertebratediving in threeof the eightlakesdiscussedn
the 1978 report: Torch Lake, Elk Lake, and Lake Bellaire.

The main purposeof this reportis to documentand analyzethe findings of
this researchln additionto documentingbenthicinvertebratedistributionsand
densities furtherinformationis providedconcerningthe overall physicochemical
andbiological conditionsfoundin thethreelakes.Resultsdiffering with the 1950’s
and1970’sstudieswill be analyzedandpossibleexplanationgor the varyingdata
will be presentedThe informationcontainedn this reportwill help contributeto
any comprehensive analysis of the region’s freshwater ecological systems.

Method

The information usedin this report was obtainedby multiple samplesfrom
Torch Lake, ElIk Lake.andLake Bellaire took placeoncea weekduring Juneand
July of 2007.All samplesveretakenbetween9 AM andnoon. ThreeLakesand
Elk-Skegemod.ake Association’ssummerinternsuseda pontoonboatfor weekly
excursionsin the lakeswe were ableto usea Ponardredgeand planktonnetto
collectsampledor examination.The samplingprotocolwastakenfrom the Inland
SeasEducationalAssociationwhereit hasbeenusedfor manyyears. In fact, the
dredge and plankton net were also borrowed from them.

The Ponardredgeis a metaldevicedesignedo collect sedimentandclaysthat
exist on the bottom of bodiesof water. Eachsampleconsistedof approximately
0.23m? of sedimentbasedon the dimensionsof the dredgemouth. This device
wasnamedfor the five University of Michigan scientistsvho inventedit: Charles
E. Powers,RobertA. Ogle, Jr., Vincent E. Noble, JohnC. Ayers, and Andrew
Robertson, Univ. of Michigan.

The dredgewas usedto find the benthicinvertebrateghat were examined.
During the researchoutings the sampling position was recordedwith a GPS



(Global PositionSensor)sensorandthe depthwas measurecitherwith a tapeor
sonar depth gauge. All information was written on the sample bottles for
identificationand separatelyn a paperlog. We loweredthe dredgeto the bottom
of the lakestied to rope.During the samplingthe 22?2 asloweredto the bottom |
onarope. Oncethedredgereachedhebottom,slackwasgivenontheropefor the
self-releasingin to fall out andthe spring-loadedrapto close.Whenthe dredge
was pulled back onto the boatit was emptiedinto a meshscreen(0.6x0.6 mm
squareopening} to separatehe larger organisms pebbles,and shellsfrom the
sedimentmaterial. Notablespecimensvere takenfrom the screenwith tweezers

and placed into a sample bottle with 70% alcohol.

The planktontow is a 0.15 mm meshnetthat catchessmallermicroorganisms,
including plankton.The netis towedvertically from the bottomof the lake. Water
flows throughthe meshand traps micro-organismdiving in the water. On the
bottomof the netis a catchercylinder, calledthe cod end,thatfurther concentrates
the organismsfor easiertransferinto a samplebottle. To preservethe samples,
bottles were filled with 70% denatured alcohol.

In July, a Hydrolab Quantaprofile was done on Lake Bellaire measuring
temperaturepH, specific conductivity, and dissolvedoxygen® The device was
calibratedn siru. Measurements were made from the surface to the bottom.

To identify the organism<ollected,a dissection(x10 — x40) microscopewith a
laptop display was usedfor largerorganismsA computerscreenimageof what
was seenunderneaththe microscopecould be viewed. A dark-field research
microscopewas usedto identify the plankton specimendound in the sample
bottles.With this highermagnification(x100-x1000)smallerspecimensollected
from the plankton tow could also be identified.

Ponar Dredge



Plankton Net

Results

Theresearchldoneon the inland lakesyieldedthe following data,organized
by lake. This sectionincludesthe location, species,frequency,etc. Further
descriptions and explanations can be found in the discussion section.

The mostabundantand pertinentspecieswvere Mysis relicta, Diporeia,and
midgeandmayfly larvae. Therewerealsomiscellaneoushellsandmusseldound
in the samples. These were noted, but are not central to the research.

Below is a tableof the averagesizesof the speciefound. The averagewvas
computed by measuring one representative specimen from each lake sample taken.

Table 1:
Average Lengths of Species
Collected
Species- Length (mm)-
Mayfly larvae 18
Mysis relicta 12
Diporeia 6.9
Midge larvae 15.5
Plankton 0.5-1.0




Elk Lake-

Table 2: Dredge samples taken at north end of Elk Lake on July 9, 2007.

Organisms in Elk Lake Dredg:

Samples

Species

Depth-ft

GPS

May

Mysis
Relicta

Diporeia

Midge

Misc.

49

N 44° 52.451' W 085°
22.513'

2 snail shells

57

N 44° 52.388' W 085°
23.525'

8 zebra

80

N 44° 52.447" W 085°
22.575'

81

N 44° 52.xxx' W 085°
22 XXXX'

1 flat spiral
shell

140

N 44° 52.393' W 085°
22.944'

Lake Bellaire-

Table 3: Dredge samples — Lake Bellaire, middle, east, and west taken July 24,

2007.

Organisms in Lake Bellaire Dredge Samplt

Spec

ies

Depth-ft

GPS

May

Mysis
Relicta

Diporeia

Midge

Misc.

45

N 44° 56.978' W 085°
12.471

2

47

N 44° 56.720' W 085°
13.798'

9

1nolID

68

N 44° 56.741"' W 085°
13.749'

10

90

N 44° 56.885"' W 085°
12.985'

1 flat worm; 1 no
ID







Torch Lake-

Multiple locations and dates were used while collecting data from Torch
Lake July, 3, 9, and 29, 2007. These three tables summarize the information
gathered.

Table 4: Dredge samples — Torch Lake, NE side, July 3, 2007.

Organisms in Torch Lake Dredge Samples - Number One

Species
Mysis
Depth-ft | GPS May | Relicta Diporeia | Midge | Misc.
1 clam; 1 flat
50 | N 45° 4.0xx' W 085° 20.901"' spiral
106 | N 45° 4.940 W 085° 20.716' 1 4
210 | N 45°4.122' W 085° 20.228' 3 1
225 | N 45° xx.xxx" W 085° xx.xxx' 3

Table 5: Dredge samples — Torch Lake, north end near Eastport, July 9, 2007.

Organisms in Torch Lake Dredge Samples - Number Two

Species
Mysis
Depth-ft | GPS May | Relicta Diporeia | Midge | Misc.
40 | N 45°6.126' W 085° 20.791' 1 1 zebra mussel
90 | N 45°5.927' W 085° 20.658' 4 2
155 | N 45° 5.359' W 085° 20.383' 8 1 spiral shell

Table 6: Dredge samples — Torch Lake, east side, middle, July 29, 2007.

Organisms in Torch Lake Dredge Sa

mples - Number Or

Species
Mysis
Depth-ft | GPS May | Relicta Diporeia| Midge | Misc.

N 44° 58.391"' W 085° 23 zebra; 1 flat;
38| 17.386' 2 2 | 1 spiral

N 44° 58.337' W 085°
70| 17.537 1

N 44° 58.265"' W 085°
95(17.512 6 2| 1un-ID




Diporiea

Flatworm

Mayfly Larva Zebra Mussels



Pleurocerca

Plankton

Copepod Amphipod

Copepod Cladocerans



Discussion

Previousstudiestakenin Torch Lake, Elk Lake, and Bellaire have noted
somechangessince 1950 and 1975, the datesof the last samplingsfor glacial
relicts. As detailedin the 1978 study, Diporeiawas not found in Lake Bellaire.
The presentstudy found Diporeiain all threelakeswith a smallernumberof
midges,mayfly larvae. Fewerdiporeiawerefoundin Elk LakethaneitherTorch
or Bellaire, but the numberof samplescollectedin eachlake wasrelatively small
(4 in Lake Bellaire,5in Elk Lake,and10in TorchLake). Mysis relictawasonly
foundin a dredgesamplefrom Elk Lake. Zebramusselswvereonly foundin Elk
andTorch Lake above60 ft. andat only threelocationsout of a total of 19 dredge
samples. This densityis lower thanin thatfoundin GrandTraverseBay by the
Inland Seas Educational Assocition. No quagga mussels were seen in any samples.

Thedissolvedoxygenlevel at the bottomof the lake waslow (~5 mg/l) only
in Lake Bellaire andthis might havebeenthereasorthatno diporeiawerefound at
90 ft. there(seeHydrolab Quantaprofiles in Appendixl). Low oxygenhasnot
beenprovento be a causeof populationdecline,however,we canassumehat it
may causestresson someglacial relict species.Typically, fish cannottolerate
dissolvedoxygenbelow 5 mg/l. Figuresl and 2 show examplesof dissolved
oxygen comparedto summertemperaturesAppendix | showstypical depth
profiles of temperaturedissolvedoxygen,pH, andspecificconductivityin eachof
the threelakes. Although, profiles were takenfrom Torch and Elk Lakesin the
2006 season, they are comparable from year to year.

Copepods include various, minute crustaceansf the subclassCopepodaThey
havedrawnout bodiesandforkedtails. Theyareplentiful in freshwater,andarea
significant food source for young fish.

Mpysis Relicta preferto live in deep,cold, cleanfreshwaterwith heightenedevels
of dissolvedoxygen. This studyfound only found one exampleof Mysis species
that residedin Elk Lake. However,samplingwas not doneat night when Mysis

may havebeenfound dueto their habit of living just aboveor in the top of the

sedimentduring the day and swimming up to the thermoclineat night. Our

samplingtechniquewas not well suitedfor the collection of Mysis. The 1978

reportshowthat Torch Lake hada numberof Mysis relicta. However,Mysis has
not yet been seen in Lake Bellaire.
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Diporeia werereportedby Gannon(1978)to be foundin Torch Lake, Elk Lake,
and Lake Bellaire in the 1950’s, but was not seenin Lake Bellaire by 1975.
Diporeiaspendtheir entirelife cycle burrowedinto thetop centimeterof sediment
at the lake bottom. Lake Bellaire is now knownto becomeanoxicin the late fall
and early winter, but the sensitivity of Diporeiato dissolvedoxygenis unknown.
The sedimentitself is rich in phosphorusut insoluble. Low dissolvedoxygen
may havebeenthereasorfor their declinein 1950. This yeardiporeiawerefound
in 12 of 19 dredgesamplegakenin all threelakes:3 in Lake Bellaire, 2 in Elk
Lake,and5 in Torch Lake. The questionasto whetherthe populationdensityof
Diporeiais increasingor decreasings still unansweredThe 1978 reportdid not
give densitiesandtherewerenot enoughsamplesn the currentstudyto providean
unambiguouslensityat present. The densitiesve found rangefrom 0 to about500
m in our samplingwith an averageof 140 m*. In comparisortypical Diporeia
densitiesn GrandTraverseBay andLake Michiganwere0-1800m™. The density
rangein theinlandlakesappeardo be substantiallfjower thanin Lake Michigan,
but the reasons are not known.

Midge Larvae areableto live in lower levelsof dissolvedoxygenandcancomeup
to the surfaceto breatheif necessaryAlthough we have no older data for
comparison, we did find a number of them in each of the three lakes sampled.

Zebra Mussel densitiesarelow in theselakesin comparisorwith GrandTraverse
Bay despitetheir presencen theselakesfor abouttenyears. Thereasorfor their
low populationdensityis still unknown. However,mostzebramusselsn the Bay
havebeenreplacedby quaggamusselsoy now whereasall of the shellsfoundin
thethreelakesin the currentstudywerezebras. Zebramusselsdo not readily live
on sandyor marl bottomswhich appearto predominateheselakes. In the future
gquaggamusselghatdo live on sandysubstratesnd over a largerrangeof depths
thanzebrasmay well colonizetheinlandlakes. Quaggdarvaecanhitch-hikeon
the boat bottoms just like zebra mussels.

Mayfly samples were only found in Torch Lake (3 examples).

Flatworm samples were found only in Lake Bellaire (1 example).

Shell fragmentswerefoundin mostdredgesamplesat intermediatedepths(40 —
60). Pleurocercaunicorn shapedshell) were found in Torch and Elk Lakes.

Heliodiscus (small flat spiral shell) were found in many samples. Native
freshwater clams were found occasionally.
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Plankton were found in visible quantities from all samples. Detailed
identificationsof the specieswvere not attempted. However,mostexampleswere
copepodsindcladoceransA singledensityestimatewasmadeas3.8ft™ averaged
from the top to the bottom in Torch Lake.

Summary

This studyprovidesa snapshotf life onthe bottomsof TorchLake,andEIk
Lake,andLakeBellaire,in 2007. Similar informationhasnot beenavailablesince
1978andlittle densityinformationis availablefrom anytimeframe. Only ongoing
studiesin GrandTraverseBay andLake Michigan give us someinformationfrom
this time period for comparison.

Oneof the mostimportantsedimenidwelling speciess Diporeia. Diporeia
waspresenin all of thelakesstudiedandat densitiegshataresomewhatower than
in Grand TraverseBay. Densitiesare not availablefrom the 1950sand 1975s
studiesof our lakesfor comparison. The largestDiporeiasamplewastakenfrom
Lake Bellaire whereno specimenst all werefoundin 1975. In general Diporeia
is the dominantspeciediving nearthe surfaceof the bottomsediments.Although
samplesveretakenat depthsof about40-60,80-110in all lakesandat about200
ft. in Torch Lake,the numberof sampledakenin this studyandthe variationfrom
sample to sample could not determine the distribution of Diporeia with lake depth.

Another significant differencein theselakessincethe 1978 reportis the
presencef zebramussels.Examplesverefound at intermediatedepths(40-60ft.)
but therewas a wide variationin the distribution from the noneto significant
numbers(~1,000m?). Zebramusselswere found in only threeof eight dredge
samples taken between 40 and 60 ft.

This studywasnot designedo look for Mysis relictaandonly oneexample
wasfound. In the future samplingcanbe designedo more effectively searchfor
this species, especially night sampling or tow sampling near the bottom.

Planktonsampleswere takenat eachlocation but the task of identifying
countingevena small sampleappearedoo dauntingfor the scopeof this study.
We only notedthat most of the specieswvere copepodsand cladoceransandone
example of the density was 3.8°.ft

12



Recommendationgor future researchwould include (1) collecting more
samplesncluding night samplingandtows nearthe bottomfor Mysis relicta, (2)
samplinga larger numberof sites,and(3) usinga higher power microscopeand
using a systematicprotocol for counting plankton numberdensities. In fact,
dredging and net towing could be separate studies.
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Appendix | - Lake Bellaire
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Appendix | - Torch Lake
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Appendix | - ElIk Lake
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