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ABSTRAcr

A whole-lake enrichment (N + P) experiment was c onduc t e d

over a three-year period to evaluate the feasibility of

boosting benthic p roductivity in insular Newfoundland lakes .

Response of the be nthic conenund t y to enrichment was monitored

by a combinat ion of biomonitoring (artificial au bs t r a t e ) and

quant itative dredge samp ling i n both the enriched lake and two

cont rol lakes .

Observations of benthic abundance through h i omon i t oring

approaches revealed a con t i nuum of positive numeri ca l

responses to enrichment . Responses were most r a p i d i n sh ort­

l ived herbivores such as chironomids, gastropods and sphaeriid

clams while longer-lived det ritivores (ma yf lie s , amphipodsl

and predators (flal:wotms, leeches and dragonflies I

demonstrated a s lower, more modest numerical response , The

benthic macroinvertebrate communities of t he s t u dy lakee were

composed of cosmopolitan s pecies f rom the North American fauna

in relatively l ow d ens i ties. Benthic b i omass was dominated by

gastropoda an d the odonate~, Secondary p r od uc t i on

estimates were relatively low when compa red to mai n land

sys t e ms. Short-lived herbivores (~, ~) were

observed to have increased secondary p r odu c t i on in t he

enriched po nd . Secondary produ ction estimates were similar in

the t hr ee study ponds f or the other macroinvertebra te taxa .

Some of these t axa were observed to have i ncrea s ed grow th
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(~, and/or recrui tment (.EnAl..la9maJ l a t e i n the study .

'rtde pattern indicates t hat benthic mac roinv e r tebrate

corrmunity prod uct i on was sti l l i ncreasing i n the e nri ched

po nd .
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CHAPTER 1: GBNBRAL INTRODUCTION

Lakes were once considered isolated mi cr oco s ms and

t he r e f or e have long been used to test and develop hypotheses

on the structure and functioning of ecosystems (Wetze l 1983) .

One of the more intensive areas of invest igation since the

1970 ' S has been the effect of nu trient l oad i ng (S.: h i nd l e r

1977) . Studies of the effects o f nu t ri e n t i n c r e ase s on lake

ecosystems can be divided into two basic groups : those in

which the nutrient increase resulted from land use and

pollution (Ca tta neo 1987, aarper and Stewart 1987 , Hough et

al . 1989 , Doughert y and Morgan 1991 , Stauffer 1991, Kumar et

al . 1992 ) , and those where nutrient levels have been

experimentally manipulated to determine ecosys tem responses

(St o ckne r and Short reed 1985, Sch indler 1990 , Cowell and Dawes

199 1 , Niederhauser and Schanz 1993) .

The basic p remise of any nutrient enrichment

or fertilization experiment is t hCl t the artificially induced

increase in nut rient s will result in an increase in e c osys t em

productivity . Thi s is basically a "bottom-up " view of

ecosystem structure, which has been verified in t he past by

expe r-Iment a that have linked i ncreases in phytoplankton

(Re i ner t s en 198 2 , Henry -.t al 1985 , Stockner and Shortreed

1985 , Havens an d DeCosta 19 86 , Ni ederhauser and Scha n z 1993 )

and benthic algae ( Bj ork~Ramberg and Anell 1985 , Carrick ..nd

Lowe 1989, Bergm ann and Wel c h 1990 ) to nutrient loading .



· 'the -bottom-up- vi e w of e c o sys t e m structure s tates that

corrmuni ty processes (i.e . pr eda t i on ) will work t o pass the

increa sed primary production t hr oug h the food. c h a i n , thus

c r eat i n g a more productive ec o s ys t em with higher b i omas s at

all t rophic levels . This has been verified by s t u dies which

h a ve l inked increased pr imary p roduction t o r e spons es i n the

zoop l a nkt.on (Lange land a n d Rei nertsen 1982 , BIser a nd Mackay

1989, Fa i rchild et a 1. 1989 ) an d fish communities (Rei n e r tsen

and Langeland 1982 , Hyatt and S tockner 198 5, Mills 1985 ) .

Newfoundlan d l akes differ from their count erparts in

main l a nd North America and Europe in several ways , The

major ity of t he lakes , or ponds as they are known i n

Newfoundland, are small b od i e s of ac idic t.a c ar surrounded by

a mixtu re of coniferous for est and peatland . The produc t i vi t y

o f the s e lakes is general l y low (Ke r e ke s 19 75, Knoe che l and

Campbel l 19 88) and observation s of stream and precipitation

Chemi s try (R . Knoechel , unpub . data ) suggest: that the

surroundi ng vegeta t ion a cts a s a nutrinnt sink keeping the

p rccuc e .ton of these lakes low . 11le main Ush epeodee are the

s t ickleback Ga steroateuB~, the b rook t ro u t ~.B

.f..c.nt..1na.U. and the Atla n tic s almon SAlmQ B.Al.u:. All t hes e

species appear to rely heavily on the t -ent h i c communi ty fo r

their food (Bro wn 19 93 ; Baggs 19 89; K, Clar ke , unpub. data ) ,

Th is be nt hos -based f ood web i s fundamenta l l y different

than thos e in eeosystems whe r e p revte ua fertiliza tion



experiments have be e n conducted, where a more di r e c t pe lag i c

f ood ch a i n i s the norm . The bent hi c c onmunity has large l y

tee n ov e rlooked i n l ak e f ertilizat i on studies of the past ,

although Schindler (19 87) has su gg ested that benthic organ i Blll8

may be mor e respon s i ve t o nu trient load ing because of

3ccumulation o f nutrie nts and orga nic matter i n t he s ed iments .

The f ew fer t il izat i on s t ud i e s which have t ried t o inc orpora t e

be nthos (Smi t h 1969 , Milbrink and Hol mgr e n 1981 , Aagaard 1 98 2,

Brylinsky 1993) ha ve r eported varyi ng a nd ambi guous r esu l to .

The main objec t ive o f t his s tud y io to c haract erize t he

res pons e of t h e benth i c co nununi t y to n ut rien t enric hmen t i n

Newf ound l and lake s . Res ponses are e valua t e d i n terms of

num e r i cal i nc r eases , gr010lth rate i nc r e ments and c h ange s i n

po p ulation product ivity t hrough a combinatio n of a r tificial

s ubstr a t e (Ch apter 31 and qu a nt i t a t i ve dredge samp ling

(Ch ap t e r 41. The i n fluenc e of l i f e· cy c l e character i s tics and

f e e d i ng mode <i e . herbivo re , carni vore , detritivor e l on t he

magnit ud e and s peed of reepcoee is also investigated .



CHAPTBR 2 : THB STUDY SITB

PHYSICAL CHARACTERIS TICS

Th e s tu d y was car ried out i n Coles Pond (48~1 7 . 4' N 5 5°31'

E ) , Sp ruce Po nd ( 4 8~1.9 ' N 55~28 ' E) an d Head water Pond (4 8·16 '

N 55°29' E) a t t he Departme nt of Fisheries and Oceans

Ex perimental Ponds Ar ea (EPA) in central Ne wf oundland (F igure

2.1). The BPA ha s served a s the s i t e of seve ral b iornoni t o ring

proje cts in t he peu c . Mo s t r ecently i t was a part of t he

Ca nad ian Long Ransre Tr a n sport of Air Po l lutan ts i ~RTAP)

proj ec t whi c h i nvolved samp l ing f or wat er che mi s try,

p hy top l an kton , zoo p l ankto n and macroinvertehra tes pl u s t he

est imat i on of salmoni d populatio ns (Ryall e t a i . 1994) .

Th i s earlier work p r ovided extens i ve bac kg round informat ion

for the present study .

Th e lakes in t he BPA are s mall , shal low and dyst rophic

(Table 2 .1), typical of lakes in the ar e a (Ryan a nd Wakeham

19 84 , Ry an et at . 1.994 ) a n d r emain well mix e d throughou t t he

Lce- reee se ason . The experimental l ake, Coles Pond , has a low

ra t i o o f catc hmen t ba s i n t o sur f ace aree (Table 2 .n , whi ch

result s i n a loW' summer flushing r ate that makes it easier to

menrpuie ee chem ically . He adwater Pond i s s imi lar to Col es

Pond in that it i s a headwater lake with a low summe r flushing

rate . I t was used as one control while Spruce Pond , t he

second pond d ownst ream from Hea dwater Pon d , was use d a s a

s econd c ontrol system . Spru ce Pond is more sim i l a r t o Col e s



Table 2 . 1 : Phys ical c har act e r isti cs of t h e study ponds i n
th e Experimen tal Ponds Area .

Me an Sur:::a ce Catchment
Pond deoth (m) area {h al area (h al Ar ea narrc

Coles Pond 1. 3 25 .7 33 1 12 . 88

scrcce Pon d 1 . 0 36 .5 2006 54.96

Headwa t er 1.1 76 . 1 596 7 .8 3
Pond

No te : Area ratio .. Ca tc hme n t to s ur face area ra t i o.
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in s urface area (Tab l e :2. 1 ) and it has a low effe c tive

flushing r a t e in spite of its large cat c hment a r ea . This l ow

flush ing r a t e is due t o t he adjacent l ocat i on of both t he

major inle t and t he outl et i n t he south end of the pond . The

wate rshed of tneee lakeE' is made up of peatland a nd co niferous

forest which is dominated by black spruce . The exc ep t ion to

this i s Headwate r Pond where a f orest fi r e in 1986 lef t mor e

tha n ha lf o f the wester n sho reline co ns ist ing o f charred t r ee

r emains and low - lying regroW'':h. Th e maj o r subst rate of t he se

ponds is a gel atinous brow n sediment frequently re ferred t o a s

Idy l (Rut t ner 19 6 9J . This l o ose o r gan ic substrat e does not

sup port dense ag g regat ions of macr o phyt e s and creates a fairly

uniform s u bstr a te type ac r oss a l l thr e e ponds . Nea r-shore

areas sub j e ct to wave action have a cobb le-boulder substrate,

these areas are relativ e ly l im i t ed , e spe c i al l y in Col es Pond.

BIOLOGICAL CHARACTERI ST ICS

The s t udy ponds are typical o f insular Newfcund j.and i n

t ha t t hey a re o l igotrop hic (Knoechel an d Campbell 198 8 ) aad

have a depauperate f auna . Th e residen t" fish populat i ons in

t he Expe riment al Ponds Area incl ud e ; brook t rout (~

~) , j uve nile Atl antic sal mon {s..aJ.mg .a..al..w:.J, and t he

t hree sp i n ed st i Ckleback (Ga a t ematell A~J (Rya n a nd

Knoechel ~994 J . Li mited prior be nthic s tudies (Ryan e e . a l .

1985 , Rya n e t . al. 1990) i nd i c ate that these ponds are typi cal



of Newfoundland systems in that t h e benthic corrmunity is

composed of the widespread e p eeree f rom ma inla~d No rth

American fauna (La rson and Co~bo ~983 1 . These ep ec.cee

ge nerally occur i n l ow densities and de t ailed

characterization at: the macr oin vertebrate fauna f or t hese

ponds Ln documented i n this ~heais (Ch apt e r 4) .

EXPERIMENT AL MANIPULATION

Coles Pond was fertili z e d during the summer (June­

september ) wi th nitrogen an d phosph orus etdditions at a rate of

0.824 Kg N per day and 0 .118 Kg P per da y sta r t i ng in the

Bunmer of 1991 and continuing i n the sunner of 1992 . The

fertili zati on co nt i nued in 199 3 bu t at a three-fold greater

r a t e . Th e nit r ogen was supplied a s pe~ 1ets of either anmoni um

nitrate or sodium nitrate which were added t o pails in a major

inlet where they d issolved . The phosphorus va s added in the

f orm of phosph ori c acid whi ch was dripped directly into t he

p ond a t a location adjacent t o cne maj or i n l et .



CIIAPTRR 3 : NUMERICAL RESPONSBS AS INDICATBD USING
BIOMONITORING TBCHNI QUBS (ARTI FIC IAL
SUBSTRATES)

INTRODUCTION

Pas t: fertilizat ion experiments have successfully linked

experimen tal i n c r ea s e s of nutrients to an ove r a l l increase in

biomass tor f reshwater lakes (Smith 1969 , aemerceen 19 8 2,

Henry e t al 1 9 85 , Stockner an d Shortreed 1985 , Elser and

MacKay 1 9 89) . This suggests t hat at least i n t he initial

stages o f fertilizat ion -bottom-up- controls are structuring

the chang es wi t hin t he ecosystem. Thus, my work ing hypothe s i s

wag that a n ex perimental i ncrease of l i miting nutrients wou ld

i ncrease overal l benthic biomass in Coles Pond .

The speed and magnitude of r e s ponse to fertilizat ion will

d i ffer a mong t he vardoue species populat ions wi t hin t he

benthic commun i t y and these differences shou ld be related to

t he life s pan (St eins and Wharf 1 9 87) and t he trophic ro le of

t he organ i sms. It i s ther efore u s ef ul to sununarize est i mates

of lif e span a nd trophic role for t he popUlations used in this

analysis (Table 3. 1) . It i s expec-ied t hat short-lived species

s uch as chi ronomids should s how f as t e r r e spons e s t o

fertili z a tion than l onger-lived species such as dra gonflie s.

Organi s ms feeding ne a r t he ba se of t he f ood web such as fil t er

f eeding clams and herb i vor ou s gas t ropods sh ou l d s how qu i cker

responses t ha n detri tivor ous may f lies and preda tory l ee che s .

The combinatio n of life s pan and t rophic role should be



Tab le 3 . 1 :

10

Life span and trophic role of the most
a bundant be n thic organisms . Each t ax on is
typica l ly dominated by a single g e nus or
family as indicated in pa renthesis.

Trophic Principle
Taxo n life s oan role food

Di ptera +/. 1 year mixed div e r se
(Chironomidae)

Gastropoda <18 months herbivore periphyton
(A!nni=lill

( ~~~:;~~:e) <18 mon ths her bivore phytoplankton

Tri chop t e ra +/ . 1 year herbivore ~t~::entous
(~l

(~~~~~~r
+/ . 1 year detritivore coarse

de t r itus

Ephemeroptera < 2 yea r s detritivore f ine
detritus

( 1
Tu r bella ria . 1- I year predator s mall i n v e r t s

Hirudinea > 3 years predator snails,
(Gl Qs aip h q o i a ) (except- chironomids
tH~l ~l

Odona ta >3 yea rs predator ch ironomids .
(l:lmlll.I.ial mayflies etc .



additive , therefore short-lived herbivores should display t he

qui ckes t response while l ong -l i ved predators s h oul d display

the slowest .

The benthos of freshwater,. laked have been found t o be an

effective indicator of ecosystem change because they provide

a cumul at l v e indication of co ndi t ions over time , unlike

cnemi.cer data which provide a sn apshot of ambie nt conditions

(Re i c e and Wohlenberg 1993) . An i ncrease o f limiting

nutrients from fertilization should produce an Lncr ean e in

pr oduct i on and , subsequently , abundance of benthic or g a n i sms .

The relationShip between benthic biomass and nutrient level

has been studied in th e pa st. For example , Sche l l and Ke r eke s

(198 9 ) reported that phosphorous was significantly r e l a t ed t o

t he abundance of benthic macroinvertebrates in eight Nova

Scot i a l ake s. Fer tiliza tion experiments , however , have

di splayed var iable results with respect t o the response o f

benthic taxa . Smith (1 9 61, 19 6 9 ) reported that fertilization

of a lake i ncreased the biomass of s mall , f ast -growing

or ganisms such as chironomids , amphipodS , ga s t ropod s and

sphaeriid clams . Peterson et a1 . (1 9 93 ) reported t ha t

phos phorus additions to a tu nd r a river in c r e as ed insect growth

rate but that abundance was held i n check by communi ty

interactions such as predation. Brylinsky (1993) , in

contrast , did not find any significant differences in

abundance of benthic organisms in four ferti1i~~d and four
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c ont r ol wetlands in the Tobeatic Wildlife Management Area of

xc va Scotia Canada .

A possible e xpl a na t i on for t he differing resul ts i n these

fertili zat ion experiments may be the varying l e vels of

sampling effort . Benthic sampling i s expensive because of the

large amoun t of t ime r e qu i r e d for sorting and identification .

Therefore most whole e cos ys t em studies have h ad a l imited

benthic c ompon e nt (Reice and Wohlenbe rg 1993) . Various

s t rategies were employed in the above studies t o reduce the

time nee d ed to sample the benthos . Smith (1961) reduced

s a mpl e processing t i me by u s i ng a I mm mes h to sieve his Ekman

grabs . This size mesh would pass many o f the smaller

organisms su ch as ch i r onomi d s a nd flatworms . Brylinsky (1993)

employed sweep net samp ling to follow the response of the

benthic communities . Sweep netting is a qualitative method of

sampling which makes quantitative comparisons among sites

d ifficul t. Peterson et e j, . (1993) collected small "1·tmbers of

samp les thus reducing the power o f the s t a t i s t i c s which could

be employed . The net result of any of t he s e strategies i s

reduction of t h e sensitivi ty for detecting differences . An

efficient method of quantitative sampling with wel l -defined

s tatistical precision is r e qu i r ed to efficiently quantify the

response of the be ntho s to a pertur bat i on s uch as

fer tilization.

Ar tificia l su bstra tes a r e inexpensive and have been s hown
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to have l ow va ria bilit y (Ros enbe r g and a e s n 1982 ) . This makes

them i deal f or following the ab undance of benthic macr-o­

inv er tebr ates t hrough time to h ighlight d if f e r ences b r ough t

ab out beca use of a rtificial perturbation .

MATERIALS AND MBTHODS

Artif icial substrate sampling was used to evalua te the

numerical response of the benthic i nvertebrate commun i t y t o

fertili zation i n the pre sent study . Sixty a rt if i cial

substrates (r o ck -bags ) were placed i n both t h e fertilized and

control ponds in the Bummer o f 19 91 . The se rock - b ag s

co ns isted of approx i mately 113 0 9 of c oarse (2. 5 em) r oad

gravel encased by pla stic vex ar mes h (1. 5 em, s tre t c h

meas ure ) . Rock -bags were placed at 3 s t at ions per pon d, each

s t ation co ns is t i ng of 4 lines with 5 r oc k- bags per line

extending perpendicular from the eoo re and t hus providing a

variety of depths (Fi gu r e 3.1 ) . The rock-bags were co llec t ed

in t he spring an d fall of each year (19 91 - 93) be ginn i ng i n t he

fall 199 1, shak.en vigorously in a bucke t of wate r for 4 0

seconds to r emove organisms and then visually inspected to

i nsu r e complete rem oval . The only item not removed wi th 100 \

efficiency was leech egg cases and these were usually empty .

The r ock-bags were t hen replaced in the pond until t he next

sampling . The water was f i l t e r e d t hro ug h a 30 0 urn Nitex s creen

and a ll organisms retained were preserved in 95 \ ethanol.
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i
r

o l000m

Figure 3 .1 : Bxperimental pond (C,)les Pond) and control pond
(Spru c e Pond) with artiUcial substrate stations
highlighted. Arrow s indicate the direction of
flow in the streams and I pi denotes the site where
fertilizer was added .
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A sub-sample " f 15 rock-bags cons isting o f five ba gs from each

s t a t i on an d one bag f rom e a c h of the ne a r- shor e t o off-shore

po s ition s was s ele c t ed for each pon d and s ampling da te.

Initial an alysis revealed no statistically significant

differences among s tations and depths therefore all samples

have been poo l e d . The specimen s o f the s e s amp l es we r e sorted

and identified using the following keys : aquatic insects

(e x cep t Trichoptera) Merritt and CUrrmins (l984 ) : Trichoptera,

Wiggins (1977 ) j all o t he r macro-invertebrates , Pennak (19 78) .

Graphical technique s were used to show the temporal pattern of

abu ndance of each taxonomic group through time .

o r gan i sm/ rock-bag data was not normally di s t ribu t ed therefore

95\ confidenc e int e rvals of the mean were estimated by

randomization t echniques . The 15 e s timat e s o f abundance were

replicated 200 times t o p roduce a po pu l a t ion o f 3000 values

which were the n randomly samp led i n set s o f 1.5. on e thousand

t ime s . The 95 ' conf idence i nterval s of the mean were then

determined f rom thi s set of one thousand means . Lack o f

ove r l ap of the 95\ confidence i nterval around the mean of one

s e t of samp les with the mean of a second se t thus indicates a

greater than 2 standard error difference between the means

defining a statistically s ignificance of p < 0 .05 .
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RESULTS .AND DISCUSSION

Artificial fertilization has been r epe a t edly shown t o

i ncre as e p rimary productivity i n freshwaters (Smi t h 19 69, Hall

et al. 1970, Peterson ee al. 1993 , Brylinsky 1 99 3 ). It i.a

expected that t h i s i n c r e a s e in primary productivity shou l d

also l ead to an i ncrease in abundance of o r gani sms in t he

be n thi c commun i t y.

It was expected that the speed and scale of r esponse

would be related to the l ife span and t r oph i c role of the

indiv idual taxa as summaz-Lae d i n Table 3 . 1. The most

pronounced r e sp ons e t o ;';e r til iza t i on observed in the benthic

c ommuni ty was by t he sma l l , short ·live d , he rbivores such as

c hironomids (Figur e 3 .2 ) , gas tropods (Fi gu r e 3 .3 ) and

sphaeriid c lams (Fi gu r e 3 .4 ) . These organisms have the

ability to reproduce more t han once a year and have relatively

short life cycles (l e s a t han 18 months) making t hem ideal

rapid indicators of c ha ng e i n t he abiot i c environment . Th ese

findings a re similar to those of Smi t h (1961 , 1969 ) who noted

i n c r e a se s in clams and gastropods during t he second and third

years after f ertil izat i on . The ch ironomids (Fi gu r e 3 . 2) had

the largest i nc r e a se in abundance, showing a lmost a 6-fold

i n c r e as e in 1992 over 1991 . The numbe rs dropped drastically

d uring the winter of 1992 but r o s e to an eve n higher level by

the fall of 1993 . The l arge r eduction over the winter of 1 992

suggests tha t a large amount of chironomid biomass was shunted
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Agure 3.10: The abundance of Odonata In the enhanced pond (Coles Pond) and a
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• cont rol (Spruce Pond ) during t he first thr ee yeara of fQrt ilizat lon.
Bars are 95 % confi dence Interv al. 01 th e mean.
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up the food chain (p r eda tion) or l e f t the s ystem through a

mass emergence late in the fall or early i n the s pring .

Gas tropod abundance (Fi gu re 3 . 3 ) i ncrea s e d in t he

fertilized pond, ex cept for the spring o f 199 3 when ab undances

declined in both ponds sugges ting either harsh winter

co ndi tions o r h i gh winter predation rates. Sphaeriid c l ams

(P:tgure 3 .4) which are similar t o the gastropods in life span

and trophic r ole (Tab l e 3 . 1), i ncreased signif icantly i n Col es

Pond a fter the fi rst yea r of fert ilization (1 99 1) a nd have

sUbsequently r ema i ned at consistent , elevated levels . The

clams may ha ve been held from increasing further ei ther b y

increased pre da t i on or by a r educ t ion in the i r food supply .

Chlorophyll levels remain elevated in Coles Pond (R . Knoe che l

unpub . data ) however and stomach content analysis of benthic­

feeding salmonids (unpub . data) and sticklebacks (Br own 1993 )

revealed that clams were n ot an important diet item . Thu s the

mechanism maintai ning the apparent steady state abundance

level is unclear.

The response of t he trichopteran~ (Figu r e 3 .5 )

is an exception to the general trend seen in the herl:. ivores .

There was a slight divergence between the two populations ove r

t he winter in both 199 1 and 1992 suggestive of enhanced wi nter

survival in Coles Pon d . The abundance level in Coles Pond was

not s ignificantly higher until fall 1993 , however . This migh t

be attributable to a delay i n the i n cr eas e of filamentous
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benthic algae that these organisms feed on . Large ' c l oud s ' of

filamentous benthic a l ga e wer e observed in Coles Pond in t he

summer of 1993 but were no t obvious in 1991 or 1992 .

The larger , longer-lived or g ani sms with mainly detritus­

based diets responded more s lowl y to fertilization . Arnphipod

levels (Fi gu r e 3.6) we r e signi f i ca nt ly higher in Coles Pond i n

t he fall of 1992 but t he populations were at s imilar leve l s at

all other sampling times . This i s in contrast t o t he

observations of Smith (1961) where amphipods showed

significant , quick increases after fert ilization .

Ephemeropteran abundances (Figure 3 .7 ) remained similar i n

bo th ponds t h r ough the fall o f 199 2 f ollowed by a diverg enc e

over the winter of 1992-93 with decreased abundance in spruce

Pond . Thus by the spring o f 1993 the abundance in Coles Pond

was signific an tly higher than that ob served in Spruce Pond.

This t rend continued through the fall o f 1993 and is expected

t o be maintained until the mayfly

popUlation i n Col es Pond s tabilizes at a ne w equil i br i um with

t heir food supply and their predators .

The final group of organisms considered were the

predators of the benthic community . The flatworms (Fi gu r e

3 . 8) are the smallest and have the shortest life cycle (Tab le

3 .1 ) of the predators considered in this analys is . They

showed significantly hi g he r abundance i n Coles Pond in the

spring of 1992 but their levels were not significantl y greater
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again until the fall of 1993.

The leeches (Figure 3 .9 ) have shown steady increases in

abundance in Coles Pond since the spring of 1992 although the

level was only significantly higher than Spruce Pond in the

spring or 1993 . With continued fertilization it is expected

that the abundance of leeches will continue to climb and

eventue:lly maintain a level significantly higher than that

observed in spruce Pond .

The Odonata (Fi gu r e 3 .1Q ) were always significantly

higher in abundance in Coles Pond than Spruce Pond . There

were no significant differences in Spruce Pond abundances over

time while there was a significant increase in Coles Pond by

::,pring 1993 . The subsequent sharp decline in Coles Pond was

correlated with an increase in salmonid abundance that summer

(Knoechel unpub. data). Odonata ccnsc i tuce a major portion of

salmonid diets in these ponds (Clarke unpub. data) .
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SUMMARY

Artificial fert ilizat i on of Coles Pond has i nc reased t he

ab undance of seve ra l benthic macroinvertebrate taxa. The life

his tory and feeding charac teristics of t he organism st ud Led

was rel ated to both the speed a nd the magni tude of the

r e s pons e t o fertiliza t i on. For example, sma l l, short - l ived

herbivores (ga stro pods) demonstrated a quicke r r e sponse than

did large r , long-lived det ritus feede rs (mayflies) whic h i n

turn ha d a quicke r r esponse t han d id larger p re da tors

(l e e che s ) . The wi d e n ing a bundance dif f erential observed f or

most taxa suggest t hat continued f erti lization wil l inc r ease

t he abun da nce o f benth i c o r gani sma in Coles Pond until t he

communi t y se ttles into a ne w equilibrium at an overa ll higher

l evel of abu nd a nce and pr od uct ion .
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CHAPTBR 4: MACROINVBRTKBRATB RBSPQNSB TO PRRTILIZATION:
GROH'11I, DBNSITY AND PRODUCTION.

INTRODUCTION

Most studies of experimental perturbation of the benthic

community employ simple estimates of numerical abundance when

making comparisons among treatments (Benke 1994. Rosenberg and

Resh 1993 ). However, numerical abundance is influenced by the

balance between reproduct ion and death , each of which may

respond independently to the perturbation . Simple numerical

es timates also cannot reflect differences in individual size

that may result from growth rate enhancement . Secondary

production estimates may be more powerful indicators of

ecosystem change because they take reproduction , growth and

death all into account (Ben k e 1994 ) . Obtaining accurate

secondary production estimates requires large sample sizes and

labour-intenaive weight determinations , consequently t h e y are

infrequently reported in the literature .

Benthic community prOduction has been shown to be

affected by stresses inclUding insecticides (Lugthart and

Wallace 1992), nutrient increases from agriculture (Sallenave

and Day 1991) and organic enrichment (Flossner 1982, Lazin and

Learner 19B6 , Losos 1984) .

Benthic community production has usually been neg l e ct ed

in mesocosm fertilization experiments and benthic production

estimates are almost non-existent in whole lake fertilization
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experiments. A computer-based search of Biological Abstracts

from January 1985 to June 1994 and a subsequent review of the

literature cited in the eeaectee references obtained, revealed

only two papers dealing with eeoondary production of the

benthic community following fertilization . One of these

articles (Pe t e :.:s on et al. 1993 ) dealt with a tundra river

system and the other (Aaga a r d 19821 was a whole lake

enrichment experiment but only reported production estimates

for two c hd.ronomi .d species. Both articles (Pe t e r s on et al .

1993 , Aagaard 1982) however, report conflictlng results

relating fertilization to benthic community production.

Peterson et al. (1993) reported i ni t i a l growth rate increases

but total secondary production did not increase due to 'top­

down' processes (predation) in the community . Aagaard (1982 )

reported density increases but these increases and the

production estimates were reported as being within the l i mi t s

expected hy annual variation alone and thus the effect due to

the fertili2ation was not clear.

The present study aims to hetter quantify the

relationship between whole lake fertilization and its effect

on benthic secondary product ion . Coles Pond

experimentally fertilized with inorganic nitrogen and

phosphorus beginning in eunmer- 1991 (s ee Chap . 2) while Spruce

and Headwater ponds served as control ecosystems. The working

hypothesis was that the increase in nutrient load to the
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