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ABSTRACT

Formation of the Southern Indian Lake neservoir, nonthern Manitoba,

added an estimated 5.4 x 105 tonnes of P'icea mariana (black spruce)

needles to the lake. The breakdown and macroinvertebrate colonization

of needles in the lake was followed by stringing needles on monofilament

'line, placing the strings into 3 mm-mesh bags, and situating the bags

along four shorelines representing different shoneline types (c1ay vs

bedrock) and wave exposures (highly exposed vs protected). Sampling was

done in 0-41 d and 328-384 d phases. Effects of excl udi ng

macroinvertebrates were tested by using needle strings placed in 50

um-mesh bags at the clay low exposure shoreline.

Needle breakdown occurred in two stages. Initial we'ight losses

were primarily due to leaching and micnob'ial conditioning. Subsequent

weight losses were primarily due to macroinvertebrate feeding and/or

wave act'ion. Over the enti re 384 d period, 'leachi ng and m'icrobi al

conditi oni ng each accounted for =301" of total we'i ght I osses.

Macroinvertebrates accounted for =40% of total weight losses. H'igh wave

energies increased weight losses by as much as L8%, while heavy sediment

deposition decneased weight losses by up to 30%. Processing

coefficients (k) for the entire 384 d ranged from 0.0011 d-1 for the

50 um-mesh packs to 0.0097 d- I for the 3 mm-mesh packs at the bedrock

high exposune shoreline.

Macroinvertebrate colonization of needle strings occurred rapidly

(>3 d) and was ma'inly by chironomid larvae. Colonization was due to

macroinventebrates present both within the surrounding bottom substnate
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and drift'ing withi n the water col umn. Most chi ronomid I arvae col on'ized

the surface of the needles, however, Phaenopsectra punctipes (l,,lied.) and

Bn'ill'ia flavifrons (¿otr.) larvae appeared to mine into the mesophyll

region of the needles and consume them from ins'ide. Heavy wave act'ion,

heavy sediment deposit'ion, and the reduction of needle surface area as

breakdown proceeded reduced the numbers of colonizing macroinventebrates

and caused 'large shifts in the structure of co'lon'izing chironomid

communities. P. punctipes was the dominant colon'izer at all shorelines

except those with heavy sediment deposition. At such shorelines,

Microtendipes and Procladius were dominant.

Values of k for Southern Indian Lake most resemble those for

conifer needle breakdown in streams, indicating the sign'ificance of wave

action in the lake. The breakdown of P. mariana needles in Southern

Indian Lake appeared to be a significant source of carbon durìng the

yean fo'llowing impoundment, and needles may have been an impontant

habitat for macroinvertebrates w'ithin localized areas.
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CHAPTER ONT

GENERAL INTRODUCTION

The breakdown of ternestrial vegetat'ion in aquatic hab'itats can

release'large amounts of energy (organic C) to the biotic communit'ies of

streams (e.9. Nelson and Scott L962; Minshall 1967; Fisher and Likens

1972,1973; Hynes 1975; Iversen et al. 1982)n nivers (e.g. Mathews and

Kowalczewski 1969), ponds (e.9. Hodkinson 1975b; Bâ'rlocher et al.

1978b), and lakes (e.S. McConnell 1968; P'ieczynska 1972; Hall and Hyatt

L974:' Aioi and Yamamato 1976; Gasjth and Hasler 1976: Rau 1976,1980;

Wissmar et al. L977). Large amounts of terrestrial vegetation ane often

'inundated duri ng the f ormat'ion of new reservo'i ns. Breakdown of th'i s

vegetation represents a potentially important source of energy to the

b'iotjc community during the initial years following reservoir formation.

The impoundment of Southenn Ind'ian Lake, 'in nonthern Mani toba,

inundated =L.2 x 107 tonnes of terrestrial vegetation (G.K. McCullough,

Freshwaten Institute" hlinnipeg, Manitoba, pers. comm.). Much of this

vegetat'ion was tree bo'le, wh'ich is highly res'istant to breakdown

(Anderson et a1.1978), but large quantit'ies of Picea mariana (Mill.)

BSP. (black spr^uce) needles were also added to the lake as a result of

the flooding. These needles may be important to the biotic community of

the reservoir, either through the nelease of energy during breakdown on

through the creation of favorable habitats for colonization by aquatic

macnoi nvertebrates (Mclach] an 1970, 1974: Cherry and Guthri e 1975;

Baxter 1977).



Compared to deciduous leaves, little informat'ion ex'ists on the

breakdown of conifer needles in streams (e.9. Sedell et al. L975: Tniska

et al. I975; Bärlocher et al. 1978a; Triska and Buckley 1978; Short et

al. 1980; Rossett et al. 1982), and even less information ex'ists on

con'ifer needle breakdown Ín ponds and lakes (e.9. Hodkinson 1975a; Rau

1978; Tiwari and Mishra 1983). No information is ava'ilable on the

breakdown on con'ifer needles in new reservoirs, and little is known

about the breakdown of either deciduous leaves or con'ifer needles in

northern waters.

The objectives of this study were as follows: (1) to examine the

processes and factors influencing the breakdown of P. mariana needles in

a new northern reservo'i r, Southern Ind'i an Lake; (2) to exami ne the

colon'izat'ion of P. mariana needles in Southern Indian Lake by aquatic

macroinvertebrates; (3) to examine the release of enengy (organic C) to

the biotic community of Southern Indian Lake by the breakdown of

i nundated t. mari ana needl es duri ng the i ni ti al yeans fo'l 'l 
owi ng

impoundment; and (a) to compare and contrast the breakdown of P. mariana

needles in Southenn Ind'ian Lake with the breakdown of leaf and needle

speci es 'in other aquati c habi tats.



CHAPTER ThJO

STUDY SITE

Southern Indian Lake ('lat.57oN, long. 99'l^l) is a major lake on the

churchill River in nonth-central Manitoba (Fig. 1), and lies on the

western arm of the Precambrian shield. The geology of the region is

dominated by intrusive granitic nocks with extensive aneas of gneissic

and volcanic rocks [Frohlinger I972; Lake Winnipeg, Churchiìl and Nelson

R'ivers Study Board (= LÌ¡ICNRSB) 19751. The bedrock surface was heavily

gìaciated dun'ing the Pleistocene epoch and was formed'into a plain with

low rounded hills (<50 m) and shallow valleys (Newbury et al. l97B).

Surfic'ial deposits of glaciaì, glacio-f'luviaì, and glacio-lacustrine

origin overlie the bedrock in thicknesses vary'ing from 0-5 m in elevated

aneas and up to 30 m in va]'leys (Newbury et al. 1978). Fine-gra'ined

varved cl ays , deposi ted i n gì aci al Lake Agassi z duri ng the I ate

Pleistocene, dom'inate surficial deposits throughout the south-eastern

two-thirds of the lake basin (Newbury et al. 1978). A well-deve'loped

organ'ic ìayer, usually >0.3 m in thickness, overlies most depos'its

(Newbury et al. 1978).

D'iscontinuous permafrost is wìdespread throughout the Southern

Indian Lake negion (Brown and Pewe 1973). The average depth to

permafrost conditions 'is 63 cm (Newbury et al. 1978). Regular ice

banding, each band a few millimetens in thickness, occurs'in all

fìne-gra'ined surficjal deposits, with occasional ice lenses up to I cm

in th'ickness (Newbury et al . 1978).



Boreal forest, i nterspersed with extensi ve areas of muskeg.

surrounds the lake (LWCNRSB 1975; Newbury et al. 1978). P'icea mariana

(Mi I I . ) BSP. (black spruce) 'is the dom'inant tree species (LIICNRSB

1975). Sponadic stands of Picea glauca (Moench) Voss (white spruce) and

Pinus banksiana Lamb. (jack pine) occur in well-dra'ined areas such as

flood plains. eskers, and bedrock outcrops (LI,.ICNRSB 1975). Populus

tremul oi des M'ichx. (trembf ing aspen) , Popul us bal sami fera,il.(bal sam

poplar) , Betula papyrifera Mansh. (wh'ite bi r"ch), Sal ix spp. (wi1'low),

and Alnus spp. (alder) are common'in near-shore areas (LI,JCNRSB 1975;

Newbury et al. 1978). Sphagnum spp. (sphagnum moss), Pleurozium

schreberi (Brid.) Mitt. (feather moss), Hylocomium splendens (Hedw.) BSG

(feather moss), Cladonia spp. (lichen), and Ledum gnoenlendicum Oeder

(Labrador tea) form most of the ground cover (LWCNRSB 1975; Newbury et

al . 1978).

Southern Indian Lake lies in the subarctic climate zone (Newbury et

al. 1984). Mean monthly air temperatures vary between -25"C in January

and +15oC in Ju'ly with a mean annual temperature of -4oC (Newbury et

a1. 1984). The fnost-f ree period each yealis =80 d in length (LWCNRSB

1975). The avenage ice-free season extends from mid May to late

November (Newbury et al . 1984). Mean annual prec'ipitation is {25 mm

(McCuììough 1981) of wh'ich nearly two-thirds falls as raìn during the

summer months (LWCNRSB 1975).

In !g77,'85% (850 rt s-I) of the flow of the Chunchilì River

through Southern Ind'i an Lake was di verted across the draì nage di v'ide



separati ng the Churchi I I and Nel son R'i ven basi ns. Di versi on ¡1as

accomplished by damming the natural lake outlet at M'issi Falls (summer

L976), causing the waten to nise 3 m above long-term lake levels of 255

m MSL (McCu1ìough 1981), and allowing water to flow by gravity thr.ough a

prev'iously constructed di versi on channe'l (Fi g. 1; LI^ICNRSB I975; Newbury

et a].1984). 0nce jn the Nelson River basin, the diverted watens flow

through 300 km of tributary valleys to the ma'in Nelson River channeì,

supplying addit'ional water flow to a 30 yr, 10,000 Mlr,l hydroeìectric

scheme curnently being developed (LI^JCNRSB L975; Newbury et al . 1984).

The impoundment of Southern Indian Lake flooded =346 km2 of

sunrounding tenrestrial area, increasing the surface area of the lake to

23gl km2 (McCu'l'lough 1981). Mean water depth incneased o1.3 m to 9.8 m

and water residence time 'increased from 190 d to 263 d (McCulìough

1981). Over three-quarters of the ìength of flooded shoreline is

f i ne-grai ned f rozen si I ts and c'lays, subject to permaf rost mel t'ing,

solifluction, and wave erosion (Newbury et al. 1978; Newbury and

McCulìough 1984). Rates of eros'ion, for silt and clay shorelines, vary

fnom <1 m3 to )23 m3 per m of shoreline during the open-water season,

depending upon the exposune of the shorel'ine to wave action and the

composit'ion of the backshore materials (Newbury et al. 1978; Newbury and

McCullough 1984). Approximate'ly 80% of the eroded material is deposited

wìthin 200 m of shore (Hecky and McCulìough 1984). The minimum period

before =80% of the shoreline surrounding Southern Ind'ian Lake becomes

nestabilized is estimated to be 35 yr (Newbury and McCul'lough 1984).



CHAPTER THRET

THE BREAKDOWN OF PICEA MARIANA NEEDLES IN SOUTHERN INDIAN LAKI

I NTRODUCT I ON

Leaf breakdown in freshwaters is the conversion of whole leaves to
'large particulate organic matter (lpOl,t, panticle s'ize >1 (4 mm), fine

particulate organic matter (FPOM, panticle s'ize )0.005 <1 mm), dissolved

organÍc matter (DOM, partic'le size <0.005 mm), animal and m'icrobial

b'iomass, and COz (Cummins 19741' Petersen and Cummins 1974; Boìing et

al. I975; Cummins et al. 1980). This conversion depends upon a number

of i nteracti ng processes, 'incl ud'ing the l eachi ng of water sol ubl e

substances , mi crob'ial condi ti oni ng , and macro'invertebrate f eedi ng

(Petersen and Cummins I974; Bo'l'ing et al . 1975; Barnes et al . 1978;

l,lebster and Simmons 1978; Anderson and Sedell L979; Hanlon 1982).

Ternestrial leaves entering ìotic systems usually lodge in packs on

the upstream side of obstructions (e.g. cobbìes, boulders, or wood

debrìs) or settle in areas of reduced current (e.g. pools or eddies

behind 'large obstructions) (Anderson and Sedell 1979). Leaves entening

I ent'i c systems usual 1y fl oat for several days before si nki ng and

accumulating'in the ljttoral zone (A'ioi and Yamamoto 1976; Gasith and

Hasler 1976). In the l'ittoral zone, the leaves tend to become eithen

uniform'ly distributed or aggregated around obstructions and may be on

top of, or buried within, the sediments (Gasith and Lawacz 1976).

Immedi ate'ly upon wetti ng, I eaves beg'in to I ose 5-401" of the'i n

initial biomass through the leach'ing of water-soluble substances



(Petersen and Cummins 1974; Saunders 1975). Car^bohydrates, polyphenols,

amino ac'ids, terpenes, and non-volatile aliphatic acids are common

leachates (Suberkropp et al. I976; Petens et al. L976; Blaschke I97g).

Leachi ng 'is essenti a1 ly compl ete wi thi n 24 n for most dec'iduous I eaves

(Nykvist 1959a, 196la; Petersen and Cumm'ins I974; Saunders 197b).

However, the leaching of conifer needles may continue for up to 20 d

(Nykvist 1959b, 1961b), possibly due to the pnesence of impermeab'le

waxes withìn the needle cut'icle (Mil'lar t974).

Unden aerobic conditions, most leachates are e'ither rap'idly

metabol i zed by mi croorgani sms or are f I occul ated by a comb'inat'ion of

abiotic and microbial factors to form FPOM (Lush and Hynes 1974). Other

leachates, notably tannins and terpenes, are not easily metabol'ized and

can inhibit micnobial and macnoinvertebrate growth and leaf breakdown

processes (Peters et al. L976; Cameron and LaPoint 1978; Blaschke 1979;

Andrews et al. 1980). As a result, leaching must be complete befone the

breakdown of I eaf speci es contai ni ng these i nhi bi tor compounds can

proceed any further.

Once leaching has been completed, microorganisms begin to colonjze

the leaf material. Fungi, especiaììy aquatic hyphomycetes, appear to be

the dom'inant col on j zers (Kaushi k and Hynes 1968, l97L; Bä'rl ocher and

Kendrick 1974: Suberkropp and Klug 1974, L976i Summerbell and Cannings

1981) . Bacteri a may al so be 'impor"tant , espec'i al ly under anaerobì c

conditi ons or on I eaf fnagments too smal I for fungi to col oni ze

(Saunders 1975).
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Microbial colonization appears necessany to condition the Ieaves 'in

preparation for macroinventebrate colonization and feeding. Most

aquati c macroi nvertebrates have d'if f icul ty d'igesti ng I eaf structural

compounds such as cellulose and lign'in (Bjarnov 1972; Berrie 1975: Monk

1976). However, the colonizing microorganisms produce enzymes capable

of breaking these compounds into subunits easi'ly digested by

macroinvertebrates (Bärlochen and Kendrick 1975; Suberkropp and K'lug

1980 ). The breakdown of cel I ul ose and 'l 'i gni n al so softens the I eaf

material allowing easier ingestion by macnoinvertebrates (Suberkropp and

Klug 1980).

0nce leaf material has been microbially condit'ioned, further

breakdown depends ma'in'ly upon the feeding activities of aquatic

macroinvertebnates (Cummins 1973; Cummins and Klug 1979). Whole leaves

and LPOM ane fed upon by macroi nventebnate detrit'i vores known as

shredders (Bol'ing et al . 1975). Typical shredders are found with'in the

P'lecoptera (Fil ipaìpia), Trichoptera (LÍmnephil idae and

Lepi dostomati dae) , and Di ptera (Ti pul 'i dae and Chi ronomi dae) (Cummi ns

1973; Merritt and Cummins 1978). Their mode of feeding involves bit'ing

and chewing leaf matenial, and results'in a reduction of particle size.

They are able to assimilate =40I" of what they ingest (hJelch 1968; Berrie

1975). The rema'inder is egested as feces which enter the FPOM pooì and

are subject to further m'icrobial condition'ing and subsequent

macnoinvertebrate feeding (Boling et al. 1975). Cummins (1974) found

that shredder feeding a'lso helps to increase the microbial cond'itioning

of leaves by expos'ing new surfaces for microorganisms to colonize.



FPOM, ì ncl udi ng 'leaf f ragments and shredder feces, i s predomi nant'ly

fed upon by macroi nvertebrates known as col I ectors (Bo1 i ng et al .

1975 ) . Typi ca'l col I ectors are found wi thi n the Ephemenoptera

(Siphlonuridae and Baetidae), Trichoptena (Philopotamidae and

Hydropsychidae), and Diptera (Simu'li'idae and Ch'ironomidae) (Cummins

1973; Merritt and Cumm'ins 1978). Their principle modes of feeding are

gathering, sweeping, and filtering. Little on no chew'ing is 'involved.

Wel ch (1968) found that col I ectors were abl e to ass'im'il ate 25-301" of

what they ingested and, as with shnedders, the remainder was egested as

feces which re-enter the FPOM poo'l (Bofing et al. 1975). Collector

feeding can increase or decnease panticle size wjthin the FPOM pool but

usually the feces are s'imilar in size to the'ingested particles (Cummins

1973; Boling et al. 1975; Cumm'ins and Kìug 1979). FPOM continues to

cycìe (e.S. ingest'ion-partial assimilation-egestion) thr.ough the

collector community unt'il breakdown is complete and all organic matter

has been converted to mi crobi al bi omass , animal bi omass , and C0 z

(Cummins 1973; Petersen and Cummins 1974).

In lotic systems, FP0M does not cycle in place but is displaced

downstream each time the cyc'le (see above) 'is compl eted (l^lebster and

Patten 1979). As a result, the collecton commun'it'ies of lotic systems

are dependent upon FPOM that has been cycled by upstream communitjes

(Cummins 1980). This coup'ling of downstream transport and FP()M cycling

is known as sp'iraìling and is embodied in the "Nutrient Spìralling

Concept" proposed by tdebster (1975). The efficiency of FP0M spiralling
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'is determined by the downstream distance requìred to complete one ìoop

of the spì ral (spi raì ì i ng I ength) (Newbol d et al . 1981 ). The shorter

the spiralìing length the more efficiently FPOM 'is cyc'led within the

system.

FP0M spi ra'l 'l i ng does not occur i n I ent'ic systems as thene i s no

unidirectional flow of water. Instead, wave action tends to transport

FPOM to offshore areas whene it is depos'ited 'in the profunda'l sediments

(Komar t976; Baxter L977; Goldman and Kimmel 1978; Dudgeon 1982). The

deposited FPOM is then cyc'led by the feeding and bioturbation activities

of sediment-feeding collectors (gatherens) (Davis 1974; McLachlan and

McLachl an L976i Ga'l I epp et al . 1978; Gal'l epp I979; Gnanel i 1979a, b) .

The efficiency of FPOM cycìing'in lentic systems ìs nepresented by the

rate at which incompleteìy broken down FPOM accumulates within the

deeper areas of the system (Goldman and Kimmel 1978). Accumulat'ion

occurs most rapidly in systems where the efficiency of FPOM cycling is

I ow.

Many factors can i nfl uence the processes i nvol ved i n I eaf

breakdown, resuìting 'in differences in breakdown rate between systems or

between sites within the same system. These factors'include the

presence or absence of macro'invertebrates (Petersen and Cumm'ins 1974

Iversen 1975; Sedell et al . 1975; l,Iebster and Simmons 1978); the leaf or

needle species involved (Kaushik and Hynes L97L; Petensen and Cummins

I974; Hart and Howmiller 1975; Webster and S'immons 1978; Herbst 1982);

water temperatune (Petersen and Cummins L974 Iversen 1975; Suberkropp
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et al. 1975); dissolved nutrient concentnation of the water (Kaushik and

Hynes 1971; Howarth and Fisher t976; Triska and Buckley 1978; Elwood et

al. 1981); substrate particìe size distribution (Reice Ig74); stream

curnent veì ocity (Reice L977; Meyer 1980; Pidgeon and Cai nns 1981;

[,lebster and Wa'ide 1982) ; sedimentat'ion rate (Herbst 1980; Meyer 1980;

webster and waide 1982); and waten depth (Barnes et al. 1978; webster

and S'immons 1978; Reed 1979; Tiwari and Mishra 1983).

Analogues of natural leaf accumulat'ions have been extensively used

to study leaf breakdown 'in both tenrestrial and aquatic ecosystems s'ince

the method was first emp'loyed in woodland systems by Bocock and Gilbert

(1957). These anaìogues are designed to: (1) p]ace a known amount of

leaf material into a selected position w'ithin the study system; (z) keep

the leaf material exposed to the natural and/or experimental conditions

present; and (3) allow retrieval of the partially bnoken-down leaf

material and the associated microbial and macroinvertebrate colonizers

after a predetermined 'length of time. In aquatic systems, litter bags,

consisting of whole leaves (e.9. Mathews and Kowalczewski 1969; Hant and

Howmillen 1975; Hodkinson 1975a; Gasith and Lawacz Ig76: Cameron and

LaPoi nt 1978; l^lebster and Si mmons 1978; Meyer 1980; Pi dgeon and Cai rns

1981 ; Hanl on L982; l^lebster and Wai de 1982) or di scs cut f nom I eaf

materìal (e.9. Kaushik and Hynes L97r; Iversen 1973, r975; Bá'rlocher and

Kendrick 1975) enclosed within bags of various mesh sizes, have been

used extensive'ly. Leaf packs, consisting of leaves tethered, strung, or.

'loose'ly bound together, have aì so been used extensiveìy (e.g. petersen
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and Cumm'ins 1974; Reice 1974, L977; Sedell et a].1975; Triska et al.

1975; Barnes et al. 1978; Rau 1978; Herbst 1980; Short et al. 1980).

The objectives of this chapter were as foìlows: (1) to exam'ine the

i nfl uence of shorel i ne type (cl ay vs bedr^ock) and wave exposure ('low vs

high) on the breakdown of P. mariana needles in Southern Indian Lake and

(2) to determ'ine the rol es pl ayed by 'l eachi ng, mi crobi al condi ti oni ng,

and macroinvertebrate activ'ity'in this breakdown.

MATTRIALS AND METHODS

Needle pack construction and installation

Needle packs, each consisting of a string of needles enclosed

wjthin a nylon mesh bag, were used in this experiment. Needles were

removed from freshìy cut P. mariana branches and strung on a 6 lb test

monofilament fìshing line to produce l-2 g needle strings. Each string

was oven-dried at 100'C for 24 h, weighed, placed into a 3 mm hexagona'l

mesh nyìon bag (10 x 10 cm) and the bag was sewn closed (Fig. 2).

Needl e packs wene attached a'l ong 3 m 'lengths of vi ny1 -covered

gal vani zed cl othesl 'i ne w'i ne and anchored , us i ng SCUBA (Sel f -Contai ned

Underwater Breathing Apparatus), in 2 n of water, parallel to each of

four shorelines. These shorelines were chosen to represent h'igh and low

erosion rates and exposures to wave energy (Table 1). The shorelines

did not differ with respect to 02 concentration, conductivity, or

temperature over the duration of the study.

To examine the influence of macroinventebrates on needle breakdown

nates, needle strings were enclosed within 50 $-mesh ny'lon bags (Fig.
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2), to exclude macroinvertebrates, and were anchored at the clay low

exposure shoreline. This shoreline was chosen because colonjzation of

st'ick-chain antificial substrates indicated that it was ìike1y to

provide maximum numbers of macroinvertebrates (D.M. Rosenberg and A.P.

Wi ens , Freshwater Insti tute, hli nni peg , Mani toba , unpubl . data ) . Low

wind-wave energies present at this shoreline (Tabìe 1) would also

minimize the potential effects of mechanical abrasion within the 50 lm

packs (see Discussion - Needle pack effects).

Sampìing and statistical design

Three 3 mm-mesh needle packs from each shoreline and three 50

um-mesh packs from the clay ìow exposure shoreline were removed, us'ing

SCUBA, at intervals of 0 (28 July 1979), 3, 5, 13, 20,27,34, 41 (7

September 1979),328 (20 June 1980), 335, 342,356, 363, 370, 377, and

384 d (15 August 1980). Needle packs wer"e not removed over the cold-

weather peri od (41-328 d ). The I ake was covened w'i th i ce fnom

approximately day 100 (4 November 1979) to day 300 (Z+ t¡ay 1980) (G.K.

McCullough, Freshwater Institute, l,.linnipeg, Man'itoba, pers. comm.).

During removal, each pack was detached from the clothesline wire,

immed'iately enclosed w'ithin a plastic bag to prevent the loss of needle

fragments and col oni zi ng macroinvertebrates, and brought to the

surface. The needle packs were returned to the laboratory whene the

macroi nvertebrates were 'l i ve-sorted, counted, and pnesenved i n 701,

ethanol . 0stracods, copepods, and cl adocerans wene not enumenated
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because they could not be sampled quant'itatively. The strings were then

gent'ly washed to nemove attached debris, oven-dnied at 100oC for 24 h,

and rewe'ighed. Needle packs installed and removed on day 0 indicated

on'ly a 2-31" errorin needle string weight losses due to handling. Th'is

error was not significant (paired t-test, p)0.05; Snedecor and Cochran

1980) and, therefore, experimental data were not cornected.

Needle string weight losses were expressed as the percentage of

initial needle material nemaining (1" R) at tìme t. Needle breakdown

coefficients (k) wene calculated for 0-41 d, 328-384 d, and 0-384 d

usi ng the negat'ive exponenti a'l model (Jenny et al . lg49; Petersen and

Cummins 1974) :

-r = loge (% n/too)
t

This model assumes a constant fract'ional loss of needle material with

time.

The Kleinbaum and Kupper (1978) dummy-variable method was used to

compare si gni fi cant wei ght I oss regressi ons (1 oge R vs t'ime) as

f ol l ows: (1) hj gh exposune shorel i nes to 'low exposure shorel i nes i Q)

cìay shorelines to bedrock shorelines; and (3) 50 m-mesh packs to 3

mm-mesh packs at the c'lay 1ow exposure shorel'ine. Si gni f i cance of the

weight I oss regress'ions was tested using analys'is of variance (ANOVA;

Snedecor and Cochran 1980).
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Gut content ana'lys'is

The gut contents of al I chì ronom'id I arvae mounted f or taxonomi c

ident'ification (see Chapter Four - Materials and Methods) were examined

for the presence of vascul ar pì ant ti ssue as evi dence of feedi ng

activity. Aquatic macrophytes did not occur at any of the study

shorelines and little terrestrial leaf litter was observed by using

SCUBA, so any vasculan plant tissue present wjthin the guts of the

larvae was assumed to be ìngested needle material. Arnounts of ingested

needle material were not quantified.

R ESULTS

Needle stning we'ight 'losses

Needle strings remained'intact with no evidence of fragmentation

from 0-41 d. The density of colonizing fung'i was obsenved to increase

throughout this 41 d interval. Needle tissue became darkened in areas

of intense funga'l colon'ization. Approximate'ly 251" of the initial needle

string dry weight was lost in the first 3 d, followed by a further loss

of =6% oven the next 38 d (Fig. 3). All weight ìoss regressions (loge

% R vs time) for 0-41 d were sign'ificant (p(0.01). Companisons of

negnessi ons for the di fferent shorel'i ne types and wave exposunes

i ndi cated no si gni fi cant di fferences (p)0.05; Kl ei nbaum and Kupper

1978). Exclusion of macro'inventebrates also had no effect on weight

loss during the 0-41 d period (p)0.05). The mean breakdown coefficient

for 0-41 d was 0.0055 d-1 (Table 2).
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Sampling at the end of winter (328 d) revealed that needle strings

in the 3 mm-mesh packs were fragmented at all shorelines except the c'lay

high exposure. The mesophyll region of the needles appeared to be

especially affected. Needle packs at the cìay high exposure shoreline,

unlike the other study shorelines, were covered by =2 cm of sed'iment,

presumably eroded from the shoreline itself. Needle string dry weight

remaining in 3 mm-mesh packs at 328 d ranged from 6% of the origina'l at

the bednock hi gh exposune shorel 'i ne to 521" at the c'l ay hi gh exposure

shorel 'i ne (F'i g . 3) .

By the end of the expeniment (384 d), 31" of the initial needle

string dry weight remained'in 3 mm-mesh packs at the bedrock high

exposune shoreline (Fig. 3). Proport'ions remaining in 3 mm-mesh packs

at the cl ay 1ow exposure, bedrock 'low exposune, and c'lay high exposune

shorelines were 67", 19%, and 44I", respective]y. Individual weight loss

regressions (loge 7" R vs time) for 328-384 d were significant (p<0.05)

on'ly at the clay low exposure shoreline (k = 0.0329 d-i; Table 2) so

comparisons of shoreline types and wave exposure were not done fon this

peni od.

No fragmentation of needles was obsenved'in the 50 rm-mesh packs

durìng the 328-384 d period. At 328 d, 58/" of the init'ial needle string

dry weight nemained in the 50 um-mesh packs and 5L% remained at 384 d

(Fig. 3). The breakdown coefficient fon 50 rm-mesh packs during 328-384

d was 0.0033 d-I (Tab'le 2). Comparison of weight loss regressions

(l oge 7" R vs time) for 3 mm-mesh and 50 um-mesh packs at the c'lay I ow
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exposure shoreline indicated that the exclus'ion of macro'invertebrates

significantly reduced weight losses during 328-384 d (p(0.01; Kleinbaum

and Kupper 1978).

Bneakdown coeffic'ients fon the entire study period (0-334 d) ranged

from 0.0011 d-I for the 50 pn-mesh packs at the cìay low exposune

shoreline to 0.0097 d-l for the 3 rnm-mesh packs at the bedrock high

exposure shoreline (Table 2). The lowest breakdown coefficient for 3

mm-mesh packs was recorded at the c'lay h'igh exposure shorel ì ne (0.0019

d-l). Intermediate values of 0.0041 and 0.0070 d-i were calculated

for 3 mm-mesh packs at the bedrock and cì ay I ow exposure shorel i nes,

respective'ly. Comparisons of shoreline types and wave exposures for the

0-384 d period were sign'ifjcant (p(0.01; Kleinbaum and Kupper 1978).

Comparison of we'ight loss regress'ions (loge 7" R vs time) for 3 mm-mesh

and 50 um-mesh packs at the c'l ay I ow exposu re shorel i ne 'i ndi cated

excl usion of macroinventebrates significant'ly (p(0.01) reduced weight

losses 'in the 50 um-mesh packs during 0-384 d.

Macro'invertebrates

Macroinvertebrate colonization of the 3 mm-mesh packs began within

3 d of installat'ion and continued over the duration of the experiment

(384 d; Figs.4 and 5). Chìronom'id larvae compnised >507" of the

colon'izing macroinvertebrates. Most macro'invertebrates colonized the

surface of the needles, but some chironomid larvae [e.g. Brillia
f I avi f rons (Joh. ) and Phaenopsectra puncti pes (t^li ed. ) I were found wi thi n
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the mesophy'l ì reg'ion of i ndi v'idual needl es. Negl i gi bì e col oni zati on of

the 50 um-mesh packs (i.e. (3 individuals per string) was observed.

No vascular plant tissue was found in the guts of chironom'id larvae

colon'izing needle packs during 0-41 d. During 328-384 d, L6% of the

larvae with'in 3 mm-mesh packs at the clay low exposure shoreline had

ingested needle material (Tab'le 3). Eight percent, 6To, and l% of the

Iarvae co'lonizing needle strings at the bedrock Iow exposune, bedrock

h'igh exposure, and clay high exposure shorelines, respectively, had

'ingested needle matenial. Fragments of needle matenial were present in

the guts of all chironomid lanvae (mostly !. punctipes) found with'in the

mesophyl I regi on of i ndi vi dual needl es.

D I SCUSS ION

Needl e pack effects

The needle packs used in this experiment may have influenced the

rates of needle breakdown observed. Therefore,'it is essent'ial that

any potenti al i nfl uence be understood befone needl e breakdown j n

Southenn Ind'ian Lake i s di scussed.

Fragments of incompletely broken-down needle materìa'l, up to 3 mm

'in size (LPOM and FPOM), ffiâV have been lost from the 3 mm-mesh packs.

As a resu'lt, weight losses from the 3 mm-mesh packs do not necessarily

represent the complete breakdown or conversion of needle material to

microb'ial biomass, anìmal biomass, and C0z (Petersen and Cummins 1974)

in Southern Indian Lake. Unfortunate'ly, the amounts of incompletely

broken-down needle material lost from the packs are not known.
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The puncturing of needles during stringing may have accelerated the

leaching of water soluble substances resu'lting in an overestimate of

initÍal (0-3 d) breakdown. Rau (1978), working with Abies amabil is

Doug. ex Forbes (Pacific silver fir) and Tsuga mertensiana (Bong.)

Carr. (mountai n hemì ock ) needl es 'in F'i ndl ey Lake, Washi ngton, found an

initial rap'id weight loss similar to that in the present experiment

l=23% in 10 d (Rau 1978) cf =25% in 3 d (Fig. 3)l when strung needles

were used but, a slower init'ial loss occurred when intact needles

enclosed in mesh bags were used [8-14/" in 10 d (Rau 1978)]. Accelerated

1 each'i ng shoul d not affect breakdown rates cal cul ated for 0-41 d,

328-384 d, and 0-384 d periods because the leaching of Pjcea needles ìs

essentially complete by 20 d (Nykv'ist 1959b, 1961b; Ostrofsky 1978).

0ven-dry'ing of the needle strings prior to submergence (100"C for

24 h) may have influenced rates of needle string breakdown by caus'ing

changes in the chemical composition of the needles (N.H. Anderson,

Dept. of Entomology, Oregon State University, Corvaì1is, 0r.egon, pers.

comm.). Although many breakdown studies have used oven-dried leaves

(e.9. Mathews and Kowalczewsk'i 1969; Bärlocher and Kendrick 1973; Hart

and Howmi I I er 1975; Hodki nson 1975a; Benfi el d et al . 1977 ; Davi s and

Wintenbourn 1977; Reice 1977, t978; Eidt and Meating 1978; Blackburn and

Petr L979; Herbst 1980,1982; Short et a1.1980; Short and l^lard 1980:

P'idgeon and Ca'i rns 1981 ; Hanl on 1982 ) , the ef fects of oven-dryi ng are

not understood. For exampìe, oven-drying may increase breakdown rates

by denaturing and/or solubilizing organic materials such as proteins
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(Jenkinson 1966; Spalding 1978) or may decrease breakdown rates by heat-

catalyzed browni ng i n whi ch 1 i gn'i n and N-contai ni ng compounds (e.9.

proteins) form chemical complexes that are highly res'istant to breakdown

(Suberkropp et al. 1976).

Wh'ile drying may affect needle breakdown rates it did not appear to

affect the in'itìal colonization by macroinvertebrates. Experiments with

3 mm-mesh packs containing strings of eithen oven-dried or fresh (not

dri ed) needl es i ndi cated no si gni fi cant di fferences (two-way AN0VA;

p)0.05) in the numbers of colonizing macroinvertebrates due to dryìng of

the needles (see Chapter Four - Checks on experimental methods).

Large macno'invertebrate shredders, such as Trichoptera, may have

been excluded by the 3 mm-mesh, resuìt'ing in an underestimate of natural

needle breakdown nates with'in these packs. However, this may not be a

prob'lem because Trichoptena appear to be rare in Southenn Indian Lake

(Resh et al. 1983). Furthermore, Benfield et al. (1977) found that
'large macroinvertebrate shredders pnesent in low numbers contributed

veny little to the breakdown of Plantanus occidentalis L. (American

sycamore) leaves placed into the North Fork of the Roanoke River,

Vi rgi ni a.

Breakdown rates within the 50 Én-mesh packs may have been

underestimated, resulting in an overestimate of the effects of excluding

macro'invertebrates. The 50 rrn-mesh may have restri cted the f I ow of

water through the packs, neducing phys'ical abrasion of needles within

the packs (Petersen and Cumm'ins 1974; Rau 1978), and producing anaerob'ic
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conditions whjch would inh'ibit m'icrobial breakdown pnocesses (Petersen

and Cummins 1974). Howeven, the effects of reduced physìca'l abnasion on

needl e stri ng wei ght I osses shoul d be mi n'imal because of I ow w'ind-wave

energ'ies at the cl ay 'low exposune shorel i ne (Tab'le 1 ; see al so Chapter

Six - Pantitioning of needle pack breakdown). The 'importance of

anaerobic conditions to needle bneakdown in the 50 rm-mesh packs is not

known.

It was ìmposs'ible to separate the macroinvertebrates colonizing

needle strings within the 3 mm-mesh packs fnom those macroinvertebrates

col oni zi ng the mesh bags. As a resu'lt, macro'invertebrate numbers

obsenved during this experiment (Fig. 4) include macroinvertebrates

colonizing both the needle strings and the mesh bags. This js not

considered to be a pnoblem, however, because in an experiment companing

the colonjzat'ion of 3 mm-mesh needle packs and empty 3 mm-mesh bags,

the macnoinvertebrates selective'ly colonized the P. mariana needles (see

Chapter Four - Checks on experimental methods).

Effects of leaching and microb'ial conditioning

Neither d'ifferences in shoreline type and wave exposure nor the

presence of macroinventebnates appeared to be important to needle

breakdown during the initial 41 d of the experiment. Most of the

breakdown during the 0-41 d period was s'imply a function of the packs

being immersed in water (cf. Reice 1977).

Leaching and m'icrobial cond'itioning probab'ly were respons'ibìe for

needle stning weight losses during 0-41 d. The leaching of water
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soluble substances occupied the period of in'itial rapid weight loss

(=25'1"'in 3 d, Fig. 3; see also Petersen and Cummins 1974). Accelerated

ì eachi ng, by the str^'ingi ng of needl es (see Needl e pack ef fects, above) ,

does not appear to have affected either the total amount of material

lost or the breakdown coefficients calculated for the 0-41 d period.

water soluble substances comprise =25% of the dry weight of picea

needles and these substances leach at a k of =0.005 d-t oven a 42 d

period (from Ostrofsky 1978). These values are sim'ilar to ones obta'ined

by the present experiment (Fig. 3; Table 2).

Fungal colonizat'ion first occurred within 13 d of the start of the

experiment , i ndi cati ng the beg'inni ng of a m'icnobi al cond'iti on'i ng peri od

(Suberkropp and Klug 1974; Bärlochen et al. 1978a). Darkening of needle

tissue in areas of intense fungal colonization indicated that the

chemi cal nature of the needl es was be'ing al tered, poss'ibìy by enzymati c

activity (Summerbel'l and Cannings 19S1). Electron micnoscopy has shown

that microbial conditioning of leaf material may begin within 3 d of

submergence in a stream (Cummins 1974).

Effects of macroinventebrates

tvi dence

breakdown i n

obsenvati ons:

(1) Needle

parti cuì ar'ly P.

of the 'impontance of macroi nvertebrates to needl e

Southern Indi an Lake i s prov'i ded by the fol I owi ng

t'i ssue was pnesent i n the guts of ch'i nonomi d I arvae ,

punctipes, colonizing needle strings during 328-384 d.
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The percentages of collected larvae 'ingesting needle material correlate

well with rates of needle breakdown at all shorelines, except for the

bedrock high exposune shoreline (i.e. percentage of collected larvae

ingesting needle material at clay low exposure ) bednock 1ow exposure )

cl ay h'i gh exposure; Tabl ê 3, Fi g. 3) . Macroi nvertebnate feedi ng

probab'ly contnibuted most to needle breakdown at the clay low exposure

shoreline and least to needle breakdown at the clay high exposure

shoneline whene feeding was inhib'ited by the effects of heavy sediment

deposi ti on (see Effects of shorel 'i ne type and exposune to waves,

be'low). Physical breakdown pnocesses were more important at the bedrock

h'igh exposure shorel'ine (see Ef fects of shorel i ne type and exposure to

waves , be'l ow) , so thi s shonel 'i ne d'id not f it the ranki ng.

(2) H'igher we'ight losses and bneakdown coeffic'ients occunned 'in the

3 mm than'in the 50 um-mesh packs during the 384 d experiment (Fig. 3;

Tab'le 2).

(3) Needles in 3 mm-mesh packs were extensively fnagmented between

day 4L, the last sampling date befone winter, and day 328, the first
samp'l'ing date fol l ow'ing wi nter. Fragmentati on of the needl es pnobably

occurred unden ice-coven when wave energies were not beÍng generated,

and water temperatures wene near 0"C (Hecky et al . I979). I^lonk i n a

l^lashi ngton subal pi ne I ake (Rau 1978) and 'in a Col onado mountai n stneam

(Short et al. 1980) ind'icated that macroinvertebnate feedìng may be

greatest during mid-winter at water temperatures nean 0oC.

Differences in the extent of micnobial conditioning can be used to

explain the proportìons of collected chironomid larvae ingesting needle
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material during both 0-41 d and 328-384 d periods. Highly conditioned

foods appear to be a more preferned food source to aquati c

macroinvertebrates and are'ingested more often than less conditioned

foods (Kaushik and Hynes t97I; Bâ'nlocher and Kendrick 1975; BåTlocher et

al. 1978a; Bärlocher and Rossett 1981; Summerbell and Cannings 1981).

Needle material was ingested during 328-384 d, but not during 0-41 d,

indicating that the needles were not sufficientìy conditioned to be

palatable to chir"onomid larvae durìng 0-41 d. A similar two-stage

breakdown of I eachi nglmi crobj al cond'iti oni ng fol I owed by

macroinvertebrate feeding was reported by Sedell et aì-. (1975) and

Bärlocher et al. (1978a) for the conifer needles used in their studies.

During 328-384 d, the highest percentage of collected chironomid

lanvae ingesting needle material may have occurred at the clay low

exposure shoreline because needles at th'is shoreline were more highly

conditioned compared to needles at the othen shorelines. The lowest

pnoportion of larvae ingesting needle material during 328-384 d occurred

at the cìay high exposure shorel ine possibly because microbial

conditioning was reduced due to anaerobic cond'itions produced by heavy

sed'imentati on (see tf fects of shorel'ine type and exposure to waves,

be'l ow) . Leaf breakdown i n anaenobi c habi tats does not i nvol ve aquat'i c

hyphomycete fungi , the primary I eaf condit'ion'ing organi sms (Cummi ns

L973, 1974). A greater proport'ion of I arvae may have been feed'ing at

the clay low exposure shorel'ine than the bedrock low exposure shoreline

because of the presence of slight'ly more sediment at the former. Richer
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populations of leaf conditioning m'icroorganisms may be found in the

presence of small quantities of lake sediment than in the complete

absence of sediment (Gasith and Lawacz L976). Levels of microbial

conditioning cannot be used to expìain the proportions of ch'ironomid

lanvae ingest'ing needle material at the bedrock high exposure shoreline

duri ng 328-384 d because wave acti on i s the mai n determi nant of

breakdown at this shoreline (see Effects of shorel'ine type and exposure

to waves, be1 ow).

The presence of P. punctipes and B. flavifrons larvae within the

mesophyll negion of individual needles is an indication that these

larvae are mining into and consuming the needles fnom within. The

I arvae of several chi ronomi d genera (e.g. Cri cotopus, Chi ronomus,

Endochi ronomus , Gl yptotendi pes , Pol ypedi I um, Stenochi ronomus , and

stictochironomus) are known to mine vascular hydrophytes (coffman

1978). Summerbell and Cann'ings (1981) found Brillia retifinis (Saether)

m'ining into and consuming the mesophyll of Pseudotsuga menziesii (Mirb.)

Franco (Dougìas fir) and Taxus brevifol'ia Nutt. (Pacific yew) needles in

a British Columbia stream. Larvae of some Brillia species also mine and

aid in the breakdown of submerged wood debris (Anderson et a1.1978;

Coffman 1978), but Phaenopsectra larvae ane not known to be miners

(Coffman 1978). In Southern Indian Lake, individuals of P. punctipes

and B. flavifrons, especiaììy those w'ithin the mesophyll region of

needles, may be functioning as sh¡'edders (s€qsq Boì'ing et al . 1975).
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Effects of shoreline type and exposure to waves

Ranking of shorelines acconding to nate of needle breakdown (i.e.

bedrock high exposure ) c'lay'low exposure ) bedrock low exposure ) clay

high exposure; Tabl è 2, Fig. 3) d'id not yield an obvious relation

between breakdown nate and either shoreline type on wave exposure.

Howeven, individual shorel ine characteristjcs can be used to expìain

these resul ts, as fol I ows:

(1) bedrock h'igh exposure - Exposure to waves, in the absence of

sedimentati on, may have been responsj bl e for the fastest breakdown rates

at th'is shoreline. Meyer (1980, p. 50) recorded the fastest breakdown

of Ieaf packs in Bear Bnook, New Hampsh'ine, at "...sites of Iow

deposit'ion, where scouring and physical breakup of leaves would be

greatest." hlebster and Waide (1982), working in Big Hurricane Branch, a

second-order stream I ocated at Coweeta Hydrol ogic Laboratory, Nonth

Caro'l i na , 'ind'icated that the movement of suspended sediment panti c1 es

may enhance this scouring. The effects of this exposure to waves may

have been most'intense during the period immediately fo'llowing ice-out

(=day 300) when the needle packs contained large amounts of material

loosened by a winten of bio'logica'l processing.

(2) clay h'igh exposune - Heavy deposition of fine-grained sediments

eroded from the shore by wave action were responsib'le for the slow

breakdown rate at this shoreline. Needle packs were buried beneath 2 cm

of sediment, causi ng compacti on, decreased physi cal abrasi on and

mechanical breakage, and anaenobic conditions (Herbst 1980). Reice
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(1974), Cummins et al. (1980), Meyer (1980), and Ìdebster and hlaide

(1982) also observed reduced breakdown rates of leaf packs w'ithin the

depos'iti onal zone of streams.

(3) clay low exposure and bedrock low exposure - These shorefines

had rates of needle breakdown 'intermediate between the bedrock high

exposure and cl ay hi gh exposure shorel i nes. Mi crob'ial conditi on'ing and

macroinvertebrate feeding are the important factors in needle breakdown

at these shorelines. The greater rate of breakdown at the c'lay low

exposure shoreline may be 'in response to the presence of s'lightly

greater amounts of sediment (see Effects of macnoinvertebrates, above)

than at the bedrock low exposur"e shoreline.

Thus, it is conce'ivable that physìcal processes, such as wave

action that abrades needles and heavy sedjmentat'ion that buries them,

ane the mai n determi nants of needl e breakdown at hi gh exposure

shonel i nes. In constrast , b'ioì ogi ca'l processes , such as mi crobi al

conditioning and racroinvertebrate feeding, may be the main

determinants of breakdown at less stressful, 1ow exposure shonelines.
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CHAPÏER FOUR

MACROINVERTEBRATE COLONIZATION OF PICEA MARIANA

NEEDLE STRINGS IN SOUTHIRN INDIAN LAKI, WITH SPECIAL

REFERENCE TO LARVAL CHIRONOMIDAE

I NTRODUCTION

Wave exposure and sediment deposition have been shown to influence

the breakdown of P. mariana needles in Southern Indian Lake (Chapter

Three). These factors may also 'influence the abundance and community

structure of macroinvertebrates colonizing the needles, either directly

because of di f f eri ng habitat tol erances of the coì oni z'i ng

macroinvertebrates (e.g. Macan 1961; Rabeni and Minshall lg77; Vaughan

1982) or indirectly because of differing physicaì, chemical, and/or

bi ol og'ica1 condi ti ons of the needl es resu'lti ng f rom di f ferent nates of

needle breakdown (e.9. Petensen and Cummins 1974; Sedell et al. L97S;

Dav'i s and l^l'interbourn L977 ; I^li nte¡'bourn t978; Pi dgeon and Cai rns 1981) .

Factors involved in needle pack construction (e.9. 'influence of mesh

bags or the oven-dryi ng of the needì es, Chapter Three) may al so

'influence macro'invertebrate colonization of the needle strings. The

f i rst obiect'ive of thi s chapter was to exam'ine the effects of wave

exposure, sedimentation rate, and state of needl e breakdown on

macroi nventebrate col oni zat'i on of the needl e stri ngs. A second

obiective was to examine the influence of mesh bags and oven-drying of

the needles on colonization of the needle strings by macroinvertebrates.
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Ephemenoptera, Trichoptera, and Plecoptera appean to be the major

colonizers of leaf and needle packs in lotic systems (e.9, Petersen and

Cummins L974; Sedell et al. 1975; Davis and Winterbourn 1977; Re'ice

t977,1978,1980, 1981; Short et al. 1980; Short and þJard 1980; Pidgeon

and Cai rns 1981; Rosset et al . 1982). In ìentic systems, however,

Amph'ipoda, Gastropoda, and Ch'ironomi dae appear to be the major

colonizers of leaf packs (Barnes et al . 1978; t^lebster and Simmons 1978;

Hanlon 1982). Larval Chironomidae appear to be especiaì1y ìmportant in

Southern Indian Lake (Chapter Three).

The Chi ronomidae are wel I adapted to exp'lo'it habitats created by

the inundation of terrestrial vegetation because the family conta'ins a

'large number of species which occupy virtually every type and condition

of aquatic habitat (Baxter 1977; l,larwick 1980). In addition, most

chironomid communit'ies contain species represent'ing all tnophic

functional groups (e.9. shreddens, col I ectors, scnapers, and predators)

(Coffman 1978).

Chironomids colonize newly flooded areas rapid'ly. For example,

stick-chain artificial substrates in newly created Lake Kariba, central

Africa, were colonized by chironomid larvae within 24 h of submergence

(McLach'lan 1970). This colonization originates primarily fnom adults

ovipositing within newly flooded ar.eas or by larvae and/on egg masses

drift'ing in from sunnounding aneas (McLachlan 1970; Vaughan 1982). A

third objective of this chapter was, thereforen to assess the importance

of macroinvertebrate colon'ization from these two sources compared to
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col oni zati on by macro'invertebrates aì ready present 'in the bottom

substrate at each of the study shorelines.

MATERIALS AND METHODS

Macrojnvertebrate colon'ization of needle stnings

Macroinvertebnates were collected from the 3 mm-mesh P. mariana

needle packs used'in the breakdown experiment described in Chapter

Three. Three 3 mm-mesh needle packs wene removed from each of the

study shorelines (c'lay low exposure, clay high exposure, bedrock low

exposure, and bedrock high exposune; Table 1) at intervals of 0 (2s Ju'ly

1979), 3, 5, 13, 20,21,34, 4l (7 September LgTg),329 (20 June 1gg0),

335, 342,356, 363, 370, 377, and 384 d (14 August 1980). Needle packs

were returned to the'laboratory and macroinvertebrates associated with

the needle strings were I ive-sorted, counted, and preserved in 70T"

ethanol . Ostracods, copepods, and cl adocerans v,,ere not enumerated

because they could not be sampìed quantitativeìy.

Most chironomid lanvae were mounted on microscope sì'ides, using

polyv'iny1 lactophenol as a comb'ination mounting and c'leaning medium

(Martin 1977), to prepare them for identification. Permanent mounts of

representati ve specimens were prepar"ed by c'learing the I anvae i n l0l"

KOH, rinsing in distilled water and then in 951" ethanol, and mounting in

tuparol (Simpson and Bode 1980). The lanval keys of 0liver et al.
(1978) and Simpson and Bode (1980) were used to identify the chironomìd

larvae to genus.
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A 2 x 2 factorial analys'is of varÍance (AN0VA) bìocked fon sampìing

date (Snedecor and Cochran 1980) was used to examine differences in

total numbers of macroÍnvertebrates colon'izing need'le packs accord'ing to

shoreline type and exposure to wave energy. Data were tnansfonmed,

usi ng ì og. (x+1 ) , to stabl i ze vari ances.

chi ronomid communiti es coì on'iz'ing the needl e stri ngs were

characteri zed by the numbers of taxa present and by the Shannon-hleaver

(H') and simpson (c) measures of population diversity. The Shannon-

tJeaver index (Pooìe L974; Southwood 1978) was calculated using:

LJIH' = -' 
=t' 

Pi I oge Pi

where s i s the total number of i dentj fi ed taxa and pi i s the

pnopot'tion of the number of individuals consisting of the jth taxon.

The Shannon-l^leaver index was used to measure the evenness or degree of

equaìity of the abundances of the taxa within the communities (Poole

t974). Highest values of H' result when numbers are equally distriuted

among taxa. The occurrence of one exceeding'ly abundant taxon will

result in a low H'value (Pooìe L974). Simpson's measure of diversity

was calculated by:

s ni (ni-t)
Ç= X 

-

i=1 N (N-t)

where S is the total number of identified taxa, N is the total number of

individuals within the community, and n.i is the numben of individuals

of the ith taxon. c i s a measure of the probabi'l ity that two
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'individual s in a commun'ity are of the same taxon (poole 1974). As a

result, C is most strongly affected by abundances of the one or two most

dom'inant taxa in the community. H' and C were calculated for the 0-41

d, 328-384 d, and 0-384 d colonization periods. KendalI's "Tau" (r)

coefficient (Ghent 1963) was used as an index of sirnilar.ity for

comparing chironomid communities at the d'ifferent shorelines during both

0-41 and 328-384 d periods. Communities were judged to be similar if
p(0.01.

Benthi c vs p'l anktoni c col oni zati on

The P. mariana needle packs used'in this experiment were identical

in construction to the 3 mm-mesh packs used'in the breakdown experiment

(Chapter Thnee). They were p'laced, using SCUBA, at the clay low

exposure shoreline on 27 June 1980. Thirty needle packs were anchoned

'in contact With the substrate (benthic packs) in 2 nun of water, and 30

additional packs were suspended in the water column (suspended packs) 1

m directly above the benthic packs (Fig. 6). The suspended packs could

be colonized only by planktonic organisms whereas the benthic packs

could be colonized by both benthic and planktonic onganisms.

Three benthìc and three suspended packs were nemoved, using SCUBA,

at intervals of 7 (4 July 1980), Zl, ZB, 35, 42, and 49 d (1S August

1980). They wene returned to the 'l aboratory and the associ ated

macro'invertebrates removed and counted. A two-way AN0VA (Snedecor and

Cochran 1980) was used to exami ne di fferences i n numbers of
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macroinvertebrates colonizing the benthic and suspended packs. Factors

used were pack type (benthic vs suspended) and sampling date.

Checks on experimental methods

To examine the influence of mesh bags and oven-drying of the

needles on the macroinvertebrate colonization of the P. mariana needle

strings, empty 3 mm-mesh bags, identical to those used jn the bneakdown

experiment (Chapter Three), and 3 mm-mesh packs contain'ing strings of

fresh (not oven-dri ed) t. mari ana needl es were anchored on the

substnate, us'ing SCUBA, 'in 2 n of waten at the c]ay I ow exposure

shoreline. The packs and mesh bags were ìnstalled on 27 June 1980. At

intervals of 7 (2 ¡uly 1980),2I,28,35, 42, and 49 d (15 August 1990),

three packs and thnee mesh bags were nemoved, using SCUBA, and returned

to the laboratony where macro'inventebrates wene removed and counted.

Two-way AN0VA's (Snedecor" and Cochran 1980) wene used to examine:

(1) d'ifferences in numbers of macroinvertebnates colonizìng the mesh

bags and the benthic packs installed at the same time (see above), and

(2) di fferences i n numbers of macroi nvertebrates co1 oni zi ng packs

contai n'i ng fnesh and oven-dri ed (benthi c packs , see above) needl e

strings. Factors used were tneatments (mesh bag vs needle pack; fr.esh

vs oven-dried need'l e stri ngs ) and samp'l 'i ng date. The benthi c packs were

used as a control.



34

RESULTS

Macnoi nvertebrate numbers

Macroinvertebrate colonization (number pen string, number per gram

final needle string dry weight) of the 3 mm-mesh needle packs used in

the breakdown experiment (Chapter Three) began w'ithin 3 d of their

installation and incneased throughout the in'itial 41 d of the experiment

(Figs.4 and 5). Needle strings at low exposure shorelines were

colonized by higher numbers of macroinventebnates than needle strings at

high exposure shorelines (F'igs. 4 and 5). This difference was

significant at 34 d and 4L d but not befone these times (Table 4).

Numbers of macnoinvertebrates were not influenced by c'lay or bedrock

shoreline types at any time during the 0-41 d colonization period (Tab1e

4).

Mean numbers of macroinvertebrates per needle string declined to

<20 between 4l and 328 d at the clay shorelines and to <10 at the

bedrock shonelines (Fig. 4). The mean number of macroinvertebnates per

gram of final needle string dry weight increased at the c'lay low and

bedrock hi gh exposur"e shonel 'ines between 4I and 328 d but remai ned at

levels similar to 4r d at the clay high and bedrock low exposure

shorel i nes (F'i g. 5 ) .

During the 328-384 d colon'ization period, mean numbers per string

increased and then declined at all shorelines except bedrock high

exposure where mean numbers remained <10 (Fig. 4). Mean numbers of

macroinvertebrates per gram of needles showed a general increase at all
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shonelines during the same period (Fig. 5). Maxirnum numbers per gram

occurred at the clay Iow and bedrock high exposune shorelines, wh'iIe

minimum numbens per gram occurred at the clay high exposure shoreline.

The bedrock low exposure shoreline was intermediate but more clearly

resembled the clay h'igh exposure shoneline. Shoreline type and wave

exposure sìgnificantly influenced mean numbers of macroinvertebnates per

needle string during the 328-384 d period, whiIe only wave exposur.e

significantìy influenced macroinvertebrate numbers per gram during the

same period (Table 4). The 'interaction tenm was significant for both

measures. The results of analyses done for 0-384 d dup'licated those

obtained for the 328-384 d period (Tabìe 4).

Macroi nventebrate taxa

Larval C hi ronom'idae compri sed >501" of

col oni zi ng needl e stri ngs over the 384 d

macroi nvertebrates, such as Ephemeroptera

the macroinvertebrates

study period. Large

(Baetis), Trichoptera

(Polycentropus, Phryganea, Lepidostoma), and P'lecoptera, never exceeded

thnee ind'ividuals per needle string. Small numbers of the amphipod

Pontoporeia brevicornis grp. also were found. Nematoda, 0ligochaeta,

Hydracarina, Saldidae (Hemiptera), and larval Ceratopogon'idae (Diptera)

were infrequently found and were not identified to lower taxonomic

I evel s.

Twenty-seven taxa of chironomidae were ident'ified over the 384 d of

the study, 'i ncì ud'i ng si x taxa of Tanypodi nae, seven taxa of
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0rthocl adi'i nae, 10 taxa of Ch'i ronomi ni , and four taxa of Tanytarsi ni

(Tab'le 5). Over 50"/" of the larvae fnom each shoneline were Ch'ironomini

(Fig. 7). Mean numbers per string of Tanypodinae, Orthocladiinae, and

Tanytarsini were simil ar ($ ind'ividual per needle string) at al I

shorel i nes except the bedrock hi gh exposure. At thi s shore'l 'ine,

Tanypodi nae vì,ene poorly represented dur^'ing the enti re study (0-384 d)

wh'ile the numbers of Tanytarsini were 'low during the 0-41 d peniod but

were approximately equa'l to those of the Orthocladiinae duning 328-384

d.

0nìy si x taxa (Abl abesmy'i a , Mi crotendi pes , Parachi ronomus ,

Phaenopsectra punct'ipes (lnli ed. ) , Cl adotanytarsus, and Tanytarsi ni genus

1) were present at all four shorelines during both the init'ial (0-41 d)

and f inal (328-384 d) col on'izat'ion peri ods (Tabì e 5). Most taxa were

found at each shoreline at least once over the duration of the study,

although many weÍ'e present on'ly 'in very low numbers (e.9. <0.1

individuals per needle string) (Table 5). Some taxa were found only at

three of the four shorelines (e.9. Cricotopus and Glyptotendipes, absent

from clay high exposure; Tanypodinae genus L and Psectrocladius, absent

from bedrock hi gh exposure) whi I e others were restri cted to one

shorel'ine (e.g. Paratanytarsus at c'lay low exposure; Stempellinella at

clay high exposure; Thiennemannimyia (T.) norena (Rob.) at bedrock high

exposure), one shorel ine type (e.9. Tanypodinae genus 3 at clay

shorelines), or one wave exposure (e.9. Orthocladius, Cryptochironomus,

and Endochironomus nigricans (Joh.) at low wave exposure shorelìnes)

(Tabl e 5).
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P. punctipes was the most abundant chironomid at the clay low

exposure and bednock low exposune shorelines during the 0-41 d, 3ZB-384

d, and 0-384 d colonÍzation periods, accounting for ili-ssT" of the

identified larvae (Tab'le 6). It was also the most abundant ch'ironomid

at the bedrock high exposure shoreline during the 0-41 d and 0-384 d

peri ods , accounti ng for 49% and 37% of the 'i denti fi ed I arvae

respectively. Panachironomus was the most abundant taxon at the bedrock

high exposure shoreline durìng 328-384 d (47% of the larvae from the

shorel 'ine) . Mi crotendi pes was the domi nant ch'i ronomi d at the c1 ay hi gh

exposure shoreline during 0-41 d and 0-384 d (401" and 301" of the
'lanvae) , whereas Procl adi us was dom'inant duri ng the 328-384 d peri od

(26% of the lanvae). 0ther numericalìy important taxa'include:

Ablabesmyia at the cìay low exposure, clay high exposure, and bedrock

I ow exposure shonel i nes ; Conynoneuna at the bedrock hi gh exposure

shorel'ine; Chironomus at the bedrock low and high exposure shonelines;

Cladotanytarsus at the bedrock high exposure shoreline; and Tanytarsini

genus 1 at the c'lay low exposure, clay high exposure, and bednock low

exposure shorel i nes (Tab'le 6).

Charactenization and comparison of chinonomìd communities

The chironomid commun'it'ies colonizing P. mariana needle strings are

characterized 'in Table 7. Initially (0-41 d), similar numbers of taxa

were present at all shorelines except bedrock high exposure where the

number of taxa present was lowen. Numbers of taxa present at cìay low
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and bedrock I ow exposui'e shorel'ines duri ng 328-384 d were s'imi I ar to
0-41 d levels while numbers present at clay high and bedrock high

exposure shorelines wene lower than 0-41 d levels.

Values of the Shannon-Weaver diversity index (H') were consistent'ly

lower at clay low and bedrock high exposure shorelines than at clay high

and bednock low exposure shorelines throughout the study. Values of H'

cal cul ated for 328-384 d were highen than 0-41 d val ues at al I

shorelines except bedrock high exposune. In contrast to values of H',

values of Simpson's diversity measure (C) were consistently greater at

the clay'low and bedrock high exposune shorelines than at the cìay high

and bedrock low exposure shorelines throughout the study.

Chi ronomi d communi ti es at the bednock hi gh exposure shorel i ne

di f f ered f rom al I other shorel i nes duri ng the i n'iti al col on'i zati on

peri od (0-41 d) (Tab'le 8). During the f i nal col oni zat'ion peri od

(328-384 d), on'ly communities colonizing needle strings at the clay high

and bedrock I ow exposure shorel'ines appeared to be s'imi I ar (Tabì e 9).

Benth'ic vs pì anktoni c col oni zat'ion

Macroi nvertebrate col oni zat'ion of the benth'ic and suspended needl e

packs increased during the initial 35 d of the study and then began to

decl i ne (F'i g. 8) . Numbers of macnoi nvertebrates col oni zi ng the benthi c

packs were consistent'ly greater than numbers colonizing the suspended

packs. This difference was significant (AN0VA, p(0.05; Snedecor and

Cochnan 1980).
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Colonization of the suspended packs was mainìy due to very small

(presumably first instar) Chironomidae. 0ligochaeta, small

Ephemenoptena, I arval Ceratopogoni dae, and I arval Col eoptera wene

pnesent but the'in numbers rare'ly exceeded 1-Z ind'ividuals per string.

.0ver 807" of the colonization of the benthic packs was due to both

eanly and I ate instar ch'i ronomid I arvae. Ephemeroptera, I anval

Coleoptera,0l'igochaeta, and Hydracarina were present in low numbers.

Checks on experimental methods

Numbers of macroi nvertebrates coì oni zi ng the empty mesh bags

remained stable and never exceeded a mean of 10.3 indiv'iduals per bag

(Fig. 8). Numbens of macroinventebrates coloniz'ing the empty bags were

significantly lower (ANOVA, p(0.01; snedecor and cochran 1980) from the

number colonizing the benthic needle packs (Fig. 8). Chironomjd lanvae

represented over 801" of the macroinvertebrates coloniz'ing the empty

bags.

Colonization of the packs containing the fresh (not oven-dried)

needles increased over the initial 28 d of the study and then decl'ined

(Fi g. 8) . Mean numbers of macro'i nvertebrates co] oni zi ng the f resh

needle strings were not significantìy different (ANOVA, p)0.05; snedecor

and Cochran 1980) from numbens colonizing the oven-dried needle strings

contained within the benthic packs (Fig. 8). chironomid lanvae

represented over 80% of the macroinventebrates co'lonizing the fresh

needl e stri ngs.
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D ISCUSS I ON

Macnoinvertebrate numbens and community structune

It is difficult to 'identify any sequences of macroinvertebrates

colon'izing the needle strings in Southern Indian Lake because most taxa

are represented by very 'low numbers of i ndi vì dual s (Tab'l e 5) . However,

differences in wave exposure, sedimentation rate, and the amounts of

needle material rema'ining can be used to explain both the numbers of

colonizing macroinvertebrates (Figs. 4 and 5) and the structure of the

chironomid communit'ies (represented by the most abundant taxa at each

shoreline, Tables 5 and 6) during the initial (0-41 d) and final

(328-384 d) colonization periods. This evidence is as follows:

(1) wave exposure - Duri ng 0-41 d, I ower numbers of co'l oni zi ng

macroinvertebrates at the bedrock high exposure shoneline compared to

the bedrock low exposure shoreline (mean numbers per string 15.0 and

18.8, respectively; Fig. 4), and the dissimilarity of ch'ironomid

communities at the bedrock high exposune shoreline to communit'ies at any

of the other shorelines (Table 8) may be due to decreased habitat

stability caused by intense wave action at the bedrock high exposure

shoreline. Similar effects of intense wave action on macnoinvertebrate

communities have been observed in Georgian Bay, Lake Ontario (Barton and

Carter 1982) ; Cow Gneen reservoi r (Armitage Ig77) ; and a'l ong mari ne

subtidal beaches (0'liver et al. 1980). Many taxa abundant within low

wave exposune areas ane not tolerant of high wave enengies, and as a

resuìt, are often not abundant within high wave exposure aneas (0liver
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et al. 1980; Barton and Carter 1982). Alternatively, other taxa are

abundant on'ly within high exposure aneas, possibly because of the lack

of potential predators and/or competitors capabìe of tolerating h'igh

r',ave energy conditions (0ì'iver et al. 1980; Barton and Carter 19S2). In

Southern Indian Lake during 0-41 d, lower numbers of Tanypodinae and

Tanytansi ni col onj zed needl e stri ngs at the bedrock hi gh exposure

shorel'ine compared to the bedrock low exposure shoreline (Fig. 7)

'indicating these two groups may not be very tolerant of high wave

enengies. Barton and Carter (1982) found these groups were also absent

from high wave energy shorelines 'in Georgian Bay, Lake Ontan'io.

Abundances of Ablabesmyìa, Procladius, and Tanytarsini genus 1 appear to

have been most affected by cond'itions present at the bedrock high

exposure shoreline (Table 5). Slightly highen numbens of 0rthocladiinae

colonized needle strings at the bedrock high exposure shoreline companed

to the bedrock low exposure shoreline (Fig. 7) indicating that abundance

of this group may have been enhanced by wave conditions present at the

high exposure shoreline. Corynoneura and Cricotopus appean to have been

most enhanced (Table 5). Total numbers of Chi¡'onomini at the bedrock

high and low exposure shorelines during 0-41 d showed no effect of wave

action (Fig.7), however, individual taxa with'in the group show a

variety of responses to the high wave energies present at the hìgh

exposune shorel i ne (Tab1 e 5). Abundances of Cryptochi ronomus,

Glyptotendipes, Microtendipes, and Polypedilum appear to have been

reduced at the high exposure whereas the abundance of Paratendipes was
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'i ncreased. Chi ronomus , D'i crotend'ipes , Panachi ronomus , and P. puncti pes

appear not to have been af fected by hi gh v',ave energi es. The

dissim'ilarity of chironomid communities at the bedrock high exposure

shoneline to communities at any of the other shorelines during 0-41 d

(Table 8) appears to be mainly due to the decreased abundances of

Ablabesmyia, M'icrotendipes, and Tanytarsini genus 1 and, perhaps, to the

increase in abundance of Paratend'ipes at the bedrock high exposure

shorel i ne (Tab'le 6). Decreased abundances of Abl abesmy'i a,

Microtendipes, and Tanytarsini genus 1 also appear to account for the

lowen value of H'and the higher value of C at the bedrock high exposune

shorel'ine compared to the bedrock low exposure shoreline during 0-41 d

(Table 7).

H'igh wave energ'ies may al so have infl uenced the stnucture of

chi ronomi d communi ti es at the cl ay h'i Sh and bednock hi gh exposure

shorelines during the 328-384 d period. Howeven, no trends can be

'identified because this influence is obscuned by heavy sediment

deposit'ion at the clay high exposure shorelÍne and by the small amounts

of needle material remaining at the bedrock high exposure shorelìne (see

be'low) .

(2) sedimentation nate - Lower numbers of macroinvertebrates colonizing

needle strings at the clay high exposure shorel'ine compared to the c'lay

'low exposure shoreline (Figs. 4 and 5) may be due to the effects of

i ntense sedimentat'ion at the h'igh exposure shorel j ne. Hi gh

sedimentation nates have been shown to cause substrate instability and
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smothering of benthic macroinvertebrates (Hynes 1973; Rosenberg and Snow

1975; Allen and Hardy 1980). Many taxa of Chironomidae are sensitive to

the ef f ects of sed'imentati on and may become reduced 'in abundance or

el imi nated by excessi ve sedimentat'ion (l^larwi ck 1980) . Other taxa appear

to be favored by sedimentation and may'increase in abundance (Warwick

1980). Predatory taxa appear to be especiaì1y favored because the'ir

pney are forced to the surface by unstable bottom condit'ions and are

easier to find (l^larwick 1980). In Southern Indian lake, 0rthocladiinae

coloniz'ing the needle strings appeared to be espec'ia'lìy reduced in

abundance due to the effects of sedimentation at the clay high exposune

shoreline compared to the clay low exposure shoreline (Fig. 7). Total

numbers of Tanytarsi n'i and Chi nonomi ni col on'i zi ng needl e stri ngs 'i n

Southern Ind'ian Lake d'id not appear to be affected by sedimentation at

the clay h'igh exposure shoreline (Fjg. 7), however, individual taxa of

Chinonomini showed a variety of responses to the sedimentation (Table

5). For example, -L. punctipes appeared to have a low tolerance to

sedimentati on because fewer wene present at the c'lay h'igh exposune

than at the cìay low exposune shoreline. Microtend'ipes appeared to be

favored by sedimentation because its greatest abundance occunred at the

c'lay h'igh exposure shorel i ne compared to any of the othen shorel i nes.

Chi ronomus and Parachi ronomus showed no response to the effects of

sedimentation. The responses of other taxa of Chironomin'i are d'ifficult

to determine because of the low numbers in which they wene found. Most

Tanypodinae did not show any response to sed'imentation at the clay high
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exposure shoneline (F'ig. 7; Table 5), however, Procladius appeared to be

greatly favored by sedimentation during the final colonizat'ion period

(328-384 d), possibly because prey which were forced to the sediment

surface by unstabl e bottom condi ti ons wene easier to l ocate (see

above). Procladius d'id not appear to be favored by sedimentat'ion at the

clay high exposure shoreline during 0-41 d, possibly because the amount

of sediment deposited onto the needle strings during this period

(=1-3 mm) was not enough to give Procladius a competitive advantage over

any other taxa. Reduction'in the abundance of P. punctipes and increase

in the abundance of Procladius are probably responsible for the lack of

similarity of chironomid communities at the clay high exposure shoreline

duning 328-384 d to all othen shorelines except bedrock low exposure

(Tabìe 9). The s'imilarity of communities at the clay high and bedrock

low exposure shorelines appears to be due to the high abundance of

Proclad'ius at both shorelines (Tab'les 5 and 6), due to easy location of

prey at both shorelines. Prey would have been easy to locate at the

bedrock low exposure shoneline because only a thin ìayer of sediment

overlying the bedrock (=1 cm) was available to burrowing taxa.

(3) amount of needle material remain'ing - During the final colonization

period, mean numbers of macno'inventebrates pen g of needle material

remaining (Fig. 5) can be ranked s'imìlar'ly to rates of needle breakdown

(Fig. 3, Table 2) except that macroinventebrate numbers at the bedrock

h'igh and clay ìow exposure shorelines are revensed (i.e. mean numbens of

macroinvertebrates per g of needle material remaining: c'lay h'igh
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exposune ( bedrock low exposure ( bedrock high exposure ( clay low

exposure). There ane two poss'ible expìanations for this observed

sequence: (1) the extent of microbial conditioning (Petersen and

Cumm'i ns I97 4), and (2) the amount of needl e maten'ial remai ni ng (Dav'i s

and l^linterbourn 1977; t,linterbourn 1978). Numbers of macroinvertebrates

per needle string (Fig.4) during 328-384 d were similar at all

shorelines except bedrock h'igh exposure where numbers were less than at

the other shorel 'ines. In addi ti on , amounts of col on'i zabl e needl e

material were lower at the bedrock high exposune (<5/" ot the initial dry

we'ight, Fig.3) than at the othen shorelines durìng this period. This

'i ndi cates that col oni zati on of the needl es duri ng 328-384 d was

primariìy a function of the amount of needle material remaining and not

the extent of microbial conditioning. Dav'is and l^linterbourn (1977) and

l,l'interbourn (1978) reported similar results for the macroinvertebrate

colonization of Nothofagus spp. (beech) leaves in New Zealand streams.

The I ów numbers of Heterotri ssocl ad'ius chang'i Saether and Ch'i nonomi ni ,

including Chironomus, Dicrotendipes and P. punctipes, colon'izing needle

strings at the bedrock high exposure shoreline during 328-384 d compared

to 0-41 d (Table 5) support th'is finding. This difference, along with

the I ow numbers of col oni zi ng Tanypod'inae at the bedrock h'igh exposure

shoneline probab'ly also accounts for the dissimi'larity of chironomid

communities between this shoreline and others (Tabìe 9).
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Benthic vs pl ankton'ic col on'izati on

The macnoinvertebrate colonization of benthic and suspended needle

packs (Fig.8)'indicates that the colonization of P. mariana needles in

Southenn Ind'ian Lake i s due to both macro'invertebnates i n the

sunround'ing substrate and to macnoinvertebrates, mostìy first instar

chironomid larvae, drifting with'in the waten column. The pìanktonic

port'ion of thi s col oni zati on woul d be most important wi th'i n

newl y-f1 ooded areas where macroi nvertebrates have not had time to

sufficiently colonize the surround'ing bottom substrate. Higher numbers

of macroinventebrates !{ere found colonizing the benthic packs because

they wene subject to colonizat'ion from both the substnate and the water

column whereas the suspended packs could be colonized only by planktonic

ongani sms.

Checks on experimental methods

Sim'il ar numbers of macroi nvertebrates col oni z'ing packs contai nì ng

either fresh or oven-dried needl es i ndi cates that dry'i ng did not

influence colonization of the needle strings. As a resu'lt, except fon

the possible exclusion of large macnoinvertebrates by the 3 mm-mesh (see

Chapter^ Three), conditions in the needle packs used in this study were

probably similar to those found within natural accumulations of P.

mariana needles in Southern Indian Lake.

Si gn'i f i cantly h'igher numbens of macnoi nvertebrates were found on

benthic needle packs compared to the empty 3 mm-mesh bags, which
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'indi cates that macroi nvertebrates sel ecti ve'ly col on'ized the P. mari ana

needles. Thus, the macroinvertebrates were attracted by a food source

and not s'imply by a refuge. Pidgeon and Cai nns (1981) a'lso found that

the numbers of macro'invertebrates were consistently higher in bags

containing leaves than in empty bags or those contain'ing plastic strips.
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CHAPTER

THE SIGNIFICANCE OF PICEA

TO SOUTHERN INDIAN LAKE

I NTRODUCTION

Inundated vegetat'ion i n ner.l reservoi rs ser.ves not only as an

ìmportant source of enengy and organic matter to aquatic food chains but

also is often the most abundant habitat available for macroinvertebrate

colonizat'ion (Mclachlan 1970). Nutrients released by the breakdown of

inundated vegetation ane thought to contribute to the trophic upsur.ge

commonly observed in many new reservoins (see review by Baxter 1977).

For examp'le, Ostrofsky (1978) developed a model that incorponated the

leaching rates of phosphorus from inundated vegetation, and was able to

calculate phosphorus concentrations accounting for the trophic upsurge

phases observed in severaì temperate region reservoirs.

McLachlan (t977) found terrestrial vegetation to be the major

source of food for macroinvertebrates in new tropical and tempenate

resenvoirs. These macroinvertebnates, in turn, may serve as important

f i sh food organi sms (Cherry and Guthri e 1975) . Thus , 'large 'inputs of

terrestrial vegetation due to impoundment can incnease the production of

macroinventebrate fìsh food organisms nesulting in increased production

of fish within the new reservoir (Cherry and Guthrie 1975).

The objectives of this chapter were as follows: (1) to estimate

the biomass of P. maniana needles inundated by the'impoundment of

FIVE

MARIANA NEIDLE ADDITION
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Southern Indian Lake; (2) to estimate the quant'ities of C, N, and p

released by the breakdown of the inundated needles; and (3) to est'imate

the'impontance of P. mariana needles as a habjtat for colonization by

potential macnoinvertebrate fish food organisms.

Cal cul ati ons

The biomass (kg dry wt m-2) of P. mariana needles inundated by

the flood'ing of Southern Indian Lake was estimated as follows:

(1) P. mariana trunk diametens were measured in seven pìots at three

nepresentati ve shorel i nes on the I ake (0. M. Rosenberg and A. P. l^li ens ,

Freshwaten Institute, ìllinnipeg, Manitoba, unpubl. data).

(2) The biomass of needles on each tree was calculated usìng the

regression fonmula of Weetman and Harland (196a):

I og r o (1,'l) = 3.2377 I og ro (D) - 1.7836

where

l,l = needle biomass (kg)

D = tree trunk diameter (inches).

(3) An average biomass m-2 of needles was calculated for each plot and

then the seven p'l ots overal 1 , and thi s average was mul ti p] i ed by the

total area of shoreline flooded (346 km2).

Potential nutrient inputs (tp)

Potential inputs of C, N, and P to Southern Indian Lake resulting

fnom the complete breakdown of all inundated P. mariana needles were
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estimated fnom needle nutrient concentnat'ions of 419 ug C rg-t, 5.24

ug N mg- 
I, and 0.62 ug P mg- t d.y weì ght (G. K. McCul 1 ough ,

Freshwater Institute, and J.M. Shay, Dept. of Botany, Un'ivensity of

Man'itoba, t,.linnipeg, Manitoba, unpubl. data).

Actual nutrient inputs (In)

Actual inputs of C, N, and P from needle breakdown during the first
year f o'l 

'l owi ng f 1 oodi ng (L977) were estimated by the negat'ive

exponential equation (cf Jenny et al. 1949: Petensen and Cummins 1974):

IA = Ip (t - e-ft¡

whe ne

IA = estimated actual 'input

Ip = estimated potential input

e = base of the Naperian ìogarithm

k = mean breakdown coefficient (0.0057 d-I, Table 2)

t = time (365 d).

The f ol l ow'ing assumpt'ions were made :

(1) All needles were'inundated simultaneous'ly.

(2) All inundated needles remained within the flooded ternestrial area.

(3) All needles wene broken down at the same exponential rate (k).

(4) C, N, and P were released at the same rate as the needles were

bnoken down.

(5) Needle breakdown and nutrient input were essentiaììy completed by

365 d.
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Impontance to macroinvertebrates

To assess the importance of P. mariana needle addition and

breakdown to macroinvertebrate populat'ions in Southern Indian Lake, the

potential number of macroinvertebrates colonizing inundated needles was

cal cul ated by multi p'lyi ng the estimated mean dens'ity of

macroinvertebrates g-I needles during the first yean after flooding

(1977) by the weight of needles estimated to have been inundated (see

above). The following assumptions were requìred:

(1) All inundated needles were inundated simultaneously.

(2) All inundated needles remained within the flooded terrestrial area.

(3) All inundated needles were equaìly accessible to macroinvertebrate

col oni zatì on.

(4) The mean density of macroinvertebrates coloniz'ing inundated needles

duri ng the fi rst year" i s represented by the mean density of

macro'invertebrates col on'i zi ng the needl es over the durati on of the

pnesent study (61.5 macroinventebrates g-1 need'les; see also Fig. b).

RESULTS

Needle biomass and nutrient inputs

The impoundment of Southern Indian Lake inundated ",5.4 x 105 tonnes

of l. mariana needles. Compìete breakdown of these needles could

potential'ly neìease 2.28 x 10s tonnes C, 2.85 x,103 tonnes N, and 3.37 x

!02 tonnes P to aquatic food chains with'in the reservoir (Table 10).

Using the assumptions made and a mean breakdown rate of 0.0057 d-t (mean
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for 0-384 d, Table 2), 97.5% ['i .e. (1 - e-kt) x 100%J of all .inundated

needl e b'iomass woul d be broken down wj th'in 365 d of j nundat'ion ,

releasing 2.00 x l.Ot tonn., C, 2.4g x 10t tonn., N, and Z.gS x 102

tonnes P (Table 10).

Potential numbers of macroinvertebrates colonizing needìes

It was est'imated that a total of 3.3 x 10I3 macroinvertebrates

colonized the 5.4 x 105 tonnes of inundated P. mariana needles in

Southern Ind'ian Lake (61.5 macroinvertebnates g-I needles x b.4 x 10II

g needles). Density of the macroinvertebrates colonizing needìes within

the fl ooded terrestri al area (346 t r') woul d have been 96,000

macroi nvertebrates m- 2.

D I SCUSS ION

S'i gnì f i cance of needl e addi ti on

The estimated actual inputs of C (2.00 x 105 tonnes), N (2.4g x 103

tonnes), and P (2.95 x 102 tonnes) due to the breakdown of inundated P.

mariana needles (Tabìe 10) are low compared to the total amounts

contained w'ithin all of the inundated vegetation (5.87 x 106 tonnes c,

1.70 x 104 tonnes N, and 2.57 x 103 tonnes P; G.K. McCullough and J.M.

Shay, unpubl . data) . However, the estimated 83 g C m'2 of I ake

sunface (Table 10) is higher than the annual primary pnoductivity

measured for Lg77 (=55 g C m-2 yr-I, Hecky and Guildford 1984), the

f i rst yean fol'low'ing impoundment. These estimated inputs ane al so
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considerably higher than the average amounts of C ( =t+ g m- 2), 
N

(=o.24 g m-2), and P ("0.00s g m-2) within Southern Indian Lake

during the 1977 open-water season (R.E. Hecky, Freshwater Inst'itute,

l,rlinnipeg, Man'itoba, unpubl . data). Thus, P. mariana needle breakdown in

Southern Indian Lake may have been an important short-term sounce of

nutrients and energy to aquatic food chains within the neservoi r,

a'lthough it is not known what quantities of nutrients released frdm the

P. mariana needles wene actually used for Lo and 2" production within

the Iake. Rau (19S0), using carbon ratios (ttC/t'C), attributed 382" of

the bi omass of i nsects emergi ng f rom Fì ndl ey Lake, l,Jashi ngton, to

allochthonous vegetation, mainly conifer needles.

Density of the macroinvertebnates coloniz'ing P. mariana needles

within the flooded terrestrial area was estimated to be 96,000

macroi nvertebrates fr-2 , a fi gure much h'i ghen than the 2500-4000

macroinventebrates m'2 obtained in the 0-5 m depth zone by Wiens and

Rosenberg (1984) during 1972, 1977, and 1979 surveys of the lake.

Moreover, the 96,000 m'2 figure could not be checked dir^ectly because

needles either were broken down within one year of inundation or were

buried by heavy sediment deposition. As a resu'lt, natural accumulations

of needles could not be sampled.

Violation of the assumptions

The estimates of actual 'i nputs of C, N, and P from needl e

bneakdown, and of the potent'ia'l number of macroi nvertebrates col oni zi ng
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the inundated needles may be inaccurate, for the following reasons:

(1) All needles were not inundated simultaneousìy but were shed from

inundated trees over a period of more than a year (G.K. McCullough,

pers. comm.). As a result, both the amounts of nutrients added and the

number of col onizi ng macro'inventebrates wene probably overestimated.

(2) There may have been losses of incompletely broken down needle

fragments from the packs which were included in the calculations of k

(see aìso Chapter Three). As a result, actual nutrient inputs appear to

be overestìmates.

(3) Al I I eaf constituents (e.9. sugars, I i pids, proteins, waxes,

cellulose, and'lign'in) are not broken down at the same rate as weight'is

lost from leaf packs (e.g. Minderman 1968; Suberkropp et al. L976).

Therefore, C, N, and P may not have been released at the same rate as

the needles were broken down. However, summation of the exponential

curves representing the breakdown of the indiv'idual leaf constitutents

produces a curve that c'losely approximates total leaf weight losses

(Minderman 1968). Th'is indicates that the rate of weight loss (k)

represents the average breakdown rate of al I I eaf components and,

although C, N, and P may be released at different rates, k is probabìy

also a fair representation of the average of nutrient release.

(4) Amounts of N and P present in leaf material often remain stable or

increase (e.9. Howarth and Fisher L976; Suberkropp et aì. 1976; Meyer

1980), apparently indicating that the release of these nutrients cannot

be represented by the negative exponentia'l model. It has been found,
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howeven, that incneased levels of N and P present in leaf material are

due to the microb'ial fixation of inorganic N and P from the surrounding

water and sed'iments (Kaushik and Hynes I97L; Howarth and Fisher L976;

Subenknopp and Klug 1976; Meyer 1980). In fact, microbial fixation of N

and P may u'ltimate'ly 'increase the absol ute amounts of these nutri ents

released to macnoinvertebrate populations because such enniched leaf

material is highìy conditioned (see Chapter Thnee) and w'ill be a

prefer^red food source (Kaushik and Hynes L97I; Bärlocher and Kendrick

1975; Bärlochen et al. 1978a; Summerbell and Cannings 1981). As a

result, use of the exponentiaì model is actualìy a conservative est'imate

of the release of C, N, and P by needle breakdown.

The fi rst two v'iol at'ions I i sted above [i .e. (1) al I need] es v\,ene

not inundated simultaneous'ly; (2) 'incompletely broken down needle

f ragments were I ost f rom the packs] are the most seri ous , resu'lti ng 'i n

ovenestimates of both the amounts of C, N, and P added and the numbers

of co'lonizing macroinvertebnates. However, the othen two violations

fi.e. (3) C, N, and P are not neleased at the same rate as the needles

were broken down; (4) N and P are not neleased exponentiallyl are not

seri ous , i nd'icati ng that the use of the exponenti a'l model to cal cul ate

nutrient release duning needle breakdown is valid.
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CHAPTER SfX

GENERAL DISCUSSION

PARTITIONING OF NEEDLE STRING t^lEIGHT LOSSES

Inundated Picea mariana needles 'in Southern Indian Lake are broken

down by leaching, microb'ial condit'ion'ing, macroinvertebrate feeding, and

abrasion due to wave action (see Chapter Three). Sed'iment deposition,

however, can 'inhibit both microbjal and macroinventebnate processes (see

Chapters Three and Four) , resuì ti ng i n sl ower rates of needl e

breakdown. The experimenta'l design of this study (see Chapter Three and

below) allows the enhancement or inhibition of needle string we'ight

losses to be pantitioned from total weight losses at each shoreline by

us'ing graphi ca'l compari sons of we'ight I oss regressi ons (l oge % R vs

time; 0-41 d and 328-384 d) (Fig. 9). The fol'lowing assumptions were

requi red:

(1) Leaching was essentially comp'lete by 3 d and represented 251" of the

initial needle string dry weight (see Chapter Three).

(2) Microb'ial condit'ioning began at 3 d (see Chapter Three).

(3) Weight losses due to'leaching and microbial condition'ing during

328-384 d were represented by the regression for weight loss from the 50

um-mesh packs.

(4) Macno'invertebrate feedìng on needle strings did not begin until the

needles wene sufficiently conditioned (>41 d; see Chapter Three).

(5) H'igh and'low exposure shorelines of the same shoneline type differed

only with respect to wave action and/or sediment deposit'ion.



57

During 0-41 d, weight'losses wene similar among shorelines and pack

mesh si zes , aì'l owi ng one set of regress'ions to represent al I wei ght

losses (column 1, Fig. 9). Leaching acounted for al'l weight losses up

to 3 d, whereas both 'leachi ng and m'icrobi al condit'ion'ing accounted for

we'ight losses during 3-41 d.

Leaching and microbial conditioning accounted fon all weight losses

f rom the 50 ¡rm-mesh packs duni ng 328-384 d (Co'lumn 2, Fi g. 9). By 384

d,'leaching and microbial conditioning had accounted for almost equa'l

amounts of weight losses.

Weight losses from the clay low exposure 3 mm-mesh packs during

328-384 d wene due to 'leach'i ng, mi crobi al conditi oni ng, and

macroi nvertebrate feedi ng ( Coì umn 3, Fi g. 9 ) . By 384 d,

macroinvertebrates had accounted for almost 501" of the weight 'loss,

whi I e 'leachi ng and m'icrobi al condi ti oni ng each accounted for 451".

l^leight loss at the clay high exposure shoreline during the same period

was also due to leachingn microbial conditioning, and macroinvertebrate

feedìng (Coìumn 4, Fig.9). Hov,,ever, deposited sediments covering these

packs 'inhibited both microbial and macroinvertebrate processing (see

Chapters Three and Four), making the'ir contributions to needle string

weight loss impossible to partition. By 384 d, 34% of the expected

weight loss (based on weight'loss at the clay low exposure shoreline and

indicated by the dashed line in Column 4, Fig. 9) had been ìnhibited by

sediment depos'ition.

Weight loss at the bedrock low exposure shoneline fon 328-384 d was

due to leaching, microbial condjtioning, and macnoinvertebrate feeding
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'i n approximatel y equal proporti ons (Co'l umn 5, Fi g. 9) . t^le.i ght I oss at

the bednock high exposure shoreline during 328-384 d was sim'ilar to that

at the bedrock I ow exposure shorel i ne except for an additi onal

contnibution made by wave action (Column 6, Fig.9). By 384 d, wave

act'ion had enhanced breakdown by 187" over that observed at the bedrock

ì ow exposure shorel 'ine.

Average contributions to needle string breakdown in the 3 mm-mesh

packs by each factor can be estimated for the entire study period.

Leaching and microbial cond'itioning each accounted for =30% of the

weight losses, while macnoinvertebrate feeding accounted for 4O%. By

comparison, cummins et al. (1973) and Petersen and cummins (1974)

estimated that l0-1S/", zz-3s1", and Z0-ZI% of the weight loss from leaves

in streams was due to ìeaching, microbial conditioning, and macro-

invertebnate feeding, respectively. Differences between these studies

and the pnesent one ane probabìy due to differences in the species of

leaves used, the macroinvertebrate communities present and, especia'11y,

the duration of the studies. Leaves should become more pa'latable to

macroinvertebrates as breakdown proceeds because of h'igher levels of

microbìal conditioning and, as a resuìt, the contnibution made by

macroi nvertebrate feed'ing to breakdown w'il I 'increase as time pnoceeds

(e.g. Kaushik and Hynes I97l:' Bärlocher and Kendrick 1975; Bá'rlocher et

a.|.1978a; Bärlocher and Rosset 1981; Summerbell and Cannings 1981; also

see Fig. 9). The present study lasted longer (384 d) than either of the

other two stud'ies (30-126 d), result'ing in a higher contribution by

macroinvertebrate feedi ng.
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High wave energies in Southern Indian lake may enhance total

breakdown by as much as 18% while sediment deposit'ion can inhibit total

breakdown by as much as 30% (Columns 4 and 6, Fig. 9). Herbst (1980)

found that burial of leaves in stream sed'iments could inhib'it breakdown

by 17-37% over a one year period.

COMPARISON OF P. MARIANA BREAKDOWN I^lITH OTHER PUBLISHED RESULTS

Breakdown coefficients for P. mariana needles in Southenn Ind'ian

Lake are lower than those neconded for deciduous leaves in streams

(range 0.0024-0.0305 d- I; Petersen and Cummi ns L974; Sedel I et al .

1975) and w'ith'in the range of those recorded for deciduous leaves in

lent'ic systems (range 0.00076-0.0512 d-l; Barnes et al. 1978; Hanlon

1982). Compared to other studies of the bneakdown of conifer need'les,

breakdown coefficients for Southern Indian Lake most resemble those

reported for streams, and are faster than those in othen lentic systems

(Table 11). Thus, it appears that wave act'ion may be of considerable

'importance to needle breakdown in Southern Indian Lake, but it is of

less ìmportance in the studies of other lentic systems cited in Table 11

(Hodkinson 1975a; Rau 1978) because of the small size of the systems

involved. However, caution must be used in making these comparisons

because of differences in experìmentaì design (e.g. type of leaf or

needle pack used, duration of study) and the chemical composition of the

leaf and needle species used.
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CONCLUS IONS

The fol'lowing conclusions may be drawn about the bneakdown of P.

mariana needles in Southern Indian Lake:

(1) The needle packs used in this study are useful for

breakdown of P. mariana needles. It must be nemembered,

needle string weight losses do not measure the extent of

this matenial to m'icrobial and an'imal biomass and C0e.

measuring the

however, that

conversion of

(2) The needle packs used in this study are useful for observing the

colonization of P. mariana needles by aquatic macroinvertebrates.

However, larger quantities of needles should be used in order to

increase the numbers of colon'izing macroinvertebrates, thereby making it
possible to necognize any successional trends of the taxa involved.

(3) The breakdown of P. mariana needles'is a two-stage process. The

initial stage depends upon leaching and microbial conditionìng. The

second stage depends ma'inly upon macroi nvertebrate feed'i ng at I ow

exposune shorelines and upon v',ave act'ion at high exposur^e shorelines.

Heavy sediment depos'ition at any shorelìne can inhibit the breakdown

p roces s .

(4) The colonizat'ion of inundated P. mariana needles ma'inly by

the waterchironomid larvae present e'ither in the substnate or'

column. The planktonic portion of this colonization would be most

important w'ithin new'ly flooded areas whene macroinvertebnates have had

insufficient t'ime to colonize the substrate.

(5) Heavy wave action, heavy sediment deposition, and the reduction of

'rs

in
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needl e surface area as breakdown proceeds reduce the numbens of

colonizing macroinvertebrates and can cause shifts ìn the structure of

col oni zi ng chi ronomi d communi ti es. When ì arge amounts of needl e

material ane present, P. punctipes is the dominant colonizer at all

shorelines except those with heavy sediment deposition. At such

shorelines, numbers of P. punctipes are low and Microtendipes and

Procl adi us dom'inate.

(6) P. mariana needle breakdown in Southern Indian Lake may have

rel eased si gni fì cant amounts of C, N, and P wi thi n I ocal Í zed areas

during L977, the first year following flood'ing, thus constituting an

important short-term source of energy and nutrients to aquatic food

cha'ins within the lake. The breakdown of needles that have e'ither

become exposed after being buried by sediment deposition on have entered

the lake because of shoneline erosion after impoundment may constitute a

minor long-term source of energy and nutrients to the lake. In

contrast, breakdown of the extneme'ly l ange quantit'ies of fl ooded woody

debris, which may take up to 200 yr (Andenson et al. 1978), is a more

important 'long-term source of energy and nutrients to the lake.

(7) Inundated P. mariana needles may have served as a suitable substrate

for macroinvertebrate colonjzation, thereby temporari'ly increasing the

population of potential fish food organisms within the lake. It is

possible that additions of deciduous leaves and/or conìfer needles could

be used to increase macroinvertebrate fish food populations, and that

these additÍons could be used as a tool to manage the fish stocks of

I akes and reservo'i rs.
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Table 1. Shorelines in Southern Indian Lake used for measuring breakdown rates in
experimental Picea mariana needle packs.

Shorel i ne type

c'l ay

bed nock

Wave exposure

from Newbury et al. (1978).

Cal cul ated for 28 September 1978 to 30
Institute, l^Iinnipeg, Manitoba, unpubì.

low

high

low

h'ish

Mean erosion rateâ
(r t r- I shore'l 'i ne )

0.7

4.L

neg'l i gi b'l e

neg'l i gi bl e

assumed

assumed

Mean wi nd-wave energyb

(tonne-m season t rn- i)

August 1980 (G.K. McCul'lough, Freshwater
data ) .

1052

8431

1 570

11640

coO



Table 2. Breakdown coef f i c'ients (k;
needle strings in Southern

Shorel i ne

Bedrock

high exposure

'low exposure

C'lay

hi gh exposure

ì ow exposure

3 mm-mesh

50 um-mesh

Mean

d- I t standard dev'iat'ion) for Picea maniana
Indian Lake.

0-41

0.0051 r 0.0014

0.0067 ! 0.0012

Interval (d)

328-384

0.0051 r 0.0013 0.0037 r 0.0019

a

b

Cal cul ated for 335-384

Cl ay 'low exposure, 50

0.0076 r 0.0043

0.0080 r 0.00724

0.0054 r 0.0012

0.0054 r 0.0014

0.0055

0-384

d.

um-mesh not included 'in mean.

0.0329 t 0.0072

0.0033 r 0.0006

0.0097 t 0.0002

0.0041 r 0.0004

0.0019 r 0.0001

0.0070 r 0.0005

0.0011 r 0.0001

0.0057b

æ
F¡
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Table 3. Numbers and taxa of larval Chironomidae, within
needle packs in Southern Ind'ian Lake, ingesting
during the 328-384 d col oni zation peri ods.

Picea mariana
ñffiTeTîssue

Taxon Number of I arvae

Shorel i ne

C'lay
low

exposu re

C1 ay
hi gh

exposure

Bedrock
low

expos u re

Bedrock
hi gh

exposure

0rthocl adi i nae
Bril I ia fl avi frons
FEeroîrTssocTãd'i us

@
Ch'i ronomi nae

Tanytansi ni
genus L

Chi ronomi ni
Chi ronomus
WptõTendi pes
Mi crotend'i pes
Þãrat-eñAï pes
PñãenõÞffia

Total (tota1 larvae
co'lì ected)

7" of total larvae
col I ected

9
0
0
0

4
0

1

1

3
0

2
0
0
I

0
0
0
0

1

1

18b
0

414
0

4e(312)

16

2(22e)

1

22(zel)

8

6 ( 108)

6

punctlÞes
Pol ypedi I um

Includes 12 larvae found within the mesophyll of needles.

Includes 8 larvae found within the mesophyìl of needles.



Tabl e 4. Analysis of variance (Snedecor and Cochran 1980)
macnoinventebrates per needle str"'ing and per gram
(3 mm-mesh bags) in Southern Ind'ian Lake.

Source of variation

shorel i ne type

wave exposure

i nteract i on :

shorel i ne type
x wave exposure

0-41

# per # per
stri ng gram

n.s. - not s'ignificant (p>0.05).

* - significant only for 34 and 4t d (p<0.05).

** - s'ignif icant (p(0.01).

fì.s.

*

Interval (d)

328-384

# per # per
stri ng gram

on mean numbers of
final needle string dry weight

n. s.

*

n. s. n. s.

0-384

# pen # per
stri ng gram

n. s.

**

n.s.

**

oo(¡)



Table 5. Mean numbens of 'larvae per
needle strings in Southern
pen'iods.

Legend:

string for taxa of
Ind'ian Lake during

Abundance
(mean no. per

stri ng)

Chi ronom'idae col I ected
the 0-41 d and 328-384

0

0.L

0.1-0.5

0.6- 1.0

1.1-5.0

5.1-7.5

from Picea mariana
d col oni zatìon

Symbol

o
o
O

o
o
o

Conti nued.. .

coè



Tabl e 5. Continued.

Tanypodi nae

Abl abesmy'i a Joh.

Procl adi us Skuse

Thi ennemann'imyi a

Taxon

genusTl

genusT2

genusT3

Orthocl ad'ii nae

Brill'ia flavifrons

Clay low
exposu re

T. ) norena

0-41

Abundance (mean # per str.ing)
Shorel i nes

328-384

o
o
o

o
o
O

Rob. )

Cl ay hi gh

exposu ne

-@)

o
o
o

o
o
o

0-41

Corynoneura ùúennertz

Cricotopus van der lalulp

328-384

o
o
o

o
o
o

Bedrock I ow
exposu re

o
o
o

o
o
o

0-41

o

o
o

328-384

o
o
o

o
o
o

o

o
O

Bedrock high
exposure

o
o
o

o
o
o

0-41

o

o
o

328-384

o
o

o

o
o
o

o

o
o

o
o
o

o
o
o

o

o
O

o

o
o

o

o
o

o

O

o
Conti nued. . .

oo('l



Table 5. Continued.

Taxon

Heterotri ssocl adi us
changì Saether

0rthocladius van der LrluJ-pf

Parametri ocnemus Goet.

Chi ronomi nae

Ch'i ronomi n i

Chi ronomus Meigen

Cryptochi ronomus Kieffer

Dicnotendi pes Kieffer .

Endochi ronomus-@Tor'.)
Gl yptotendi pes Kieffer

Cl ay low
exposu re

Psectrocl ad'i us Kieffer

0-41 328-384

o

Abundance (mean # per string)
Shorel i nes

Cl ay hi gh

expos u f'e

o
o

o
o

o
o

0-41

o
o

o
o

328-384

Bednock low
exposu re

o
o
o
o

o

o
o

o
o

0-41

o
o
o
o

o

o
o
o
o

328-384

o
o
o
o

o

Bednock hi gh

ex pos u re

o
o

o
o

0-41

o
o
o
o

o

o
o

o
o

328-384

o
o
o
o

o

o
o
o
o

o

o
o

o

o
o
o
o

o

o
o
o
o

ao

Conti nued. . .

oo
Ol



Table 5. Cont'inued.

Taxon

M'icrotendi pes

Parachi ronomus

Paratendi pes Kieffer

Phaenopsectra
-@(tlied.)
Polypedi I um Kieffer

Tanta rs'i n i

Cl adotanytarsus Kieffer

Paratanytarsus Bause

Stempel I i nel I a Brundin

genus l' (prob. 
.

Mi c nopsect ra ,r Kieffer )

Clay ìow
ex pos u re

Kieffer

Lenz

0-41

o
o
o

o
o

Abundance (mean # per string)
Shorel 'ines

328-384

o
o
o

o
o

Cl ay hi gh

exposure

0-41

O
o
o

o
o

328-384

o
o
o

O

o
o
o
o
o

Bedrock low
exposu re

0-41

O
a
o
o

o
o
o

o
o

328-384

o
o
o

o

Bedrock hi gh
exposure

o
o
o
o
o

0-41

o
o
o
o

o
o
o
o
o

328- 384

o
o
o
o

o
o
o

o
o

o
o
o
o

o

o
o
o

o
o
o
o

æ\¡



Table 6. Relative abundance (Y"

Chi ronomidae col I ected
0-41 d, 328-384 d, and

Shorel i ne

c'l ay 'l ow exposu ne

of identif i ed I arvae) of the fi ve most
f rom Pi cea mari ana needl e stri ngs 'in
0-3841- col onlãTîôn peri ods.

1.

0-41

Phaenopsectra-@Tss)
Tanytarsini genus 1

Abl abesmyia (9)

Microtendi pes (5)

Corynoneura (3)
mîronornus (3)
D:icroEñ'dîpes (3)

Microtendipes (40)

P. punctipes (16)

Abl abesmyia (10)

Tanytarsi ni
genus I (7)

Polyped'il um (5)

clay high exposure

Relative abundance (% of identified larvae)

2.

3.

4.

5.

1. P. punct'i pes (38)

(10) 2. Microtendipes (11)

3. Psectrocladius (9)

4. Cladotanytansus (6)

5. Abl abesmy'i a (6 )

common taxa of
Southern Indi an

328-384

1.

2.

3.

4.

5.

I arval
Lake duning the

1. P. punct'i pes (48)

2. Micnotendipes (8)

3. Ablabesmyia (8)

0-384

1. Procl adi us

2.

3.

4.

Microtendipes (17)

Paratendi pes (13)

Tanytansì ni
genus 1 (10)

P. punctipes (7)

4.

(26)

Tanytarsi ni
genus 1 (7 )

Psectrocl adi us5.

5.

1.

2.

3.

4.

5.

Microtendipes (30)

Procl adi us (13)

P. puncti pes ( 12 )

Tanytarsi nì
genus 1 (8)

Ablabesmyia (7)

Continued...

(5)

æ
æ



Table 6. Cont'inued.

Shorel i ne

bedrock 1ow exposure 1. P. punctipes (41)

2. Ablabesmyìa (12)

3. Tanytarsi ni
genus 1 (9)

4. Chi nonomus (8)

5. M'i crotendi pes (6 )

0-41

Relat'ive abundance (% of identified Iarvae)

bedrock high exposure 1. P. punctipes (49)

2. Corynoneura (11)

3. Chironomus (9)

4. Paratendipes (7)

5. Parachi ronomus (6)

1.

2.

3.

328-384

P. punctipes (32)

Chi ronomus (17)

Procl ad'ius (10)

4. Paratendipes (9)

5. Tanytarsi n'i
genus 1 (8)

Microtendi pes (8)6.

1.

2.

3.

4.

5.

0-384

P. punct'ipes (31)

Chi ronomus (13)

Ablabesmyia (8)

Tanytarsini
genus 1 (8)

Procladius (7)

1. Panachi ronomus

2. Cladotanytarsus (13)

3. P. punctipes (10)

4. Corynoneura (9)

5. Cricotopus (7)

(47) 1.

2.

3.

4.

P. puncti pes (37)

Parachì ronomus (19

Corynonerua (10)

Ch'i ronomus (6 )

5. Cricotopus (5)

Paratendi pes (5) ooro



Table 7. Characterizatìon of Chinonomidae communities colonizing Picea mariana needle strings in Southernthe 0-41 d, 328-384 d, and 0-384 d colonization perioda.--fshaññõñ-w-eaver diversity inaex = tt,.two individuals belong to the same genus (Sìmpson's divensity index) = ç.1

clay 1ow exposure

clay high exposure

bedrock ìow exposure

bednock high exposure

Col oni zati on peri od (d)
0-41 328-384 0-384

No. taxa present

18

19

19

1B

16

15

22

19

Colonization period (d)
0-41 328-384 0-384

11

20

H'

I .751

2.790

2.067

1.806

23

t7

2.158

2.231

2.404

1.679

Indian Lake during
Probabi I ity that

2.049

2.402

2.379

2.038

Co'lonization peniod (d)

0-41 328-384 0-384

0. 328

0.199

0. 203t

0.267

0.179

0.132

0.114

0.255

0. 251

0.139

0.142

0.192

\o
O



Tabl e 8. Similarity (no. of taxa
colonizing Picea mariana
col oni zati oñ peritd-.

C'lay 'low exposure

Clay high exposure

Bednock I ow exposure

'in common, Kendal I 's "Tau" ,
needle strings in Southern

Bedrock h'igh
exposu re

Not simi I ar
(11,0.203,0.116)

Not sìmi I ar
(13, 0.089, 0.31.1)

Not simi I ar
(13, 0.102, 0.287)

p-vaìue) of Chi ronomidae commun'ities
Indian Lake during the 0-41 d

Bedrock low
ex pos u re

Sim'il ar
(14,0.563, <0.001)

Similar
(15,0.385,0.009)

C'l ay hì gh
exposure

Similar
(15,0.420,0.005)

(o
F¡



Tabl e 9. Similarity (no. of taxa
col on'i z'ing Pi cea mari ana
col oni zation perio -

Clay low exposure

Cìay high exposune

Bedrock low exposure

i n common, Kenda'l'l 's "Tau" ,
needle strings in Southern

Bedrock hi gh
exposure

Not s'imi I ar
(11, 0.314, 0.045)

Not s'imì I ar
(8,0.013,0.456)

Not s'im'il ar
(8, 0.010, 0.464)

p-value) of Chinonomidae communities
Indian Lake dur''ing the 328-384 d

Bedrock I ow
expos u re

Not simi I ar
(14,0.206,0.096)

Sim'il ar
(13,0.486,0.001)

Cl ay h'igh
exposu ne

Not simi I ar
(13,0.294,0.037)

(o
l'\)



Table 10. Estimated'input of C, N, and P to Southern Indian Lake from the
breakdown of inundated Picea mariana needles during the first year
after impoundment (see ffifõF-tiEEãi I s of cal cul ati on) .

El ement

Estimated

tonnes

potentiat inpu! (Ie)
gm-

I ake surface

228,800

2,850

337

95

1. 19

0.14

Est i mated

tonnes

200,000

2,490

295

actual ì nput 
"( 

IR)
gm L

I ake suface

83

1.04

0.I2

r.O
(¡)



Tabl e 11. Breakdown coeffì ci ents (k ) for^ needl es of var.i ous coni fer^ speci es.

Speci es

Picea marìana
Þiceã mãFiana
Þicea sp.
Picea sp.
Ã5ieE amabilis
Þinus conïõFtã
Þìnus prtnderosa
Pinus resinosa
PseüIoTTü-ga rnenzi esi i
Tsugameitensîanã-

mixTurã oî-
Pseudotsuga menziesii

aru-

Season or
temperat u re

Tsuga heterophylla
miïïure õf-_--

summen-fal 1

summe r-summer
not given
not given
yea r- rou n d

5-6"C (mean)
fal 1 -spni ng
fal I -sprì ng
2- 18 "C
yea r- rou nd

B'C (mean)

8'C (mean)

- Pseudotsuga menzi es i i
a lru-

Tsuga heterophyl la

Duration of
study (days)

a Estimated fnom available data in the publication.

4t
384

42
70

732
521
168
2Bs
240
732

t¿ul- il

0.00s5
0.0019-0.0097

0. 0054
0. 0024

0.003-0.00374
0.006
0. 0038
0.0030

0.0018-0.0100
0.0001-0.00164

0.0057

0. 0025-0. 01 31

Experi mental
conditions

t00

impounded lake
impounded I ake
I aboratory
I abonatory
subal pi ne I ake
pond
stream
st ream
stream
subal pine lake

st ream

st neam202

Re ference

thi s study
this study
Ostrofsky (1978)
Ostrofsky (1978)
Rau (1978)
Hodkinson (1975a)
Short et al. (1980)
BáTlocher et aì. (1978a)
Triska and Buckley (1978)
Rau (1978)

SedelI et aì. (1975).

Sedell et al. (1975)

r.oÞ
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Fìgure 1. Location of Southern Indian Lake.
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F'i gu re 2. P'i cea mari ana

bottom and 50

experimenta'l needl e packs (3 nrn-mesh

un-mesh pack on top.

pack on
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F'igure 3. Breakdown of Pi cea ¡gÈlg
Lake during the 0-41 d and

needl e st ni ngs i n Southern Ind'i an

328-384 d col oni zati on peri ods.
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Fìgure 4. Mean number of macroinvertebnates per string co]onizing

Pi cea mani ana needl e stri ngs 'in Southenn Ind'ian Lake durì ng

the 0-41 d and 328-384 d colon'ization perìods.
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Figure 5. Mean number of macroinvertebrates per gram fina'l needle

string dry we'ight colonizing P'icea mariana needle strings

ìn Southern Indian Lake during the 0-41 d and 328-384 d

col oni zati on peri ods.
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Fi gune 6. Pl acement of

packs at the

La ke.

the benthic and suspended Picea

clay low exposure shoreline in

105

mari ana needl e

Southern Ind'ian
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Fi gu re 7. Mean numbers of Chi ronomi dae col on'i zi ng Pi cea ¡qq¡1¡Ig needl e

strings in Southern Indian Lake during the 0-41 d and

328-384 d col on'izati on peri ods.
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Figure 8. Mean numbens of macro'invertebrates coloniz'ing empty 3 mm-mesh

bags ; benth'ic and suspended P'icea mani ana needl e packs ; and

packs contain'ing fresh Picea mariana needles 'in Southern

Indi an Lake.
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F'igure 9. Partìti on j ng of wei ght I osses f rom Pi cea mari ana needl e

strings ìn Southern Indian Lake duning 0-41 d and 328-384 d

colonization periods. A = all shorelines (0-3 d). loge

(%R) = log. (100.00) - 0.0907t; B = leaching, assumed to be

25% of init'ial dry weight; C = all shorelines (3-41 d),

loge (%n¡ = 1on" (7s.86) - 0.0025t; D = cìay ìow exposure

50 um exclus'ion packs (328-384 d), ìog" (/"R¡ = 1on.

(L72.42) - 0.0033t; E = cìay ìow exposure 3 mm-mesh packs

(328-384 d)' loge (%R¡ = '¡on. (szr33s.sz) - 0.0329r; F =

clay h'igh exposure shorel ine (328-384 d), 'log. (fe) =

loge (150.96) - 0.0037t; G = bedrock low exposure shorl'ine

(335-384 d)' loge (z"R¡ = 1on. (370.98) - 0.0080t; H =

bedrock hi gh exposure shorel i ne (328-384 d) , 'log. 
(Z"R ) =

loge (41.56) - o.oo76r.
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