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DRAFT POSITlOR PAPER

FISHERIES ISSUE F-2.6

EXECUTIVE SUMMARY

Sigllificance of change in vater quality paralleters (nutrients) on salllOn and

resident fish habitats and populations down,treat of the daM.

Position

The Alaska Power Authority accepts the concepts presented in this document.

It is our position that no mitigation measures need to be taken regarding

this issue, and that impacts on the trophic status and fish resources of the

project reservoirs and downstream riverine habitats due to nutrient changes

will be minimal under with-project conditions.

Present Knowledge

This issue concerns project-induced changes in aquatic plant macronutrients

(i ..e. phosphorus and nitrogen) and tbt! potential effects these changes may

have on the trophic statusll and fish resources of the Susitna

Hydroelectric Project reservoirs and the riverine habitats downltre.a frOlll

the project.

Construction aod opel'ation of the proposed two-claa ce:-plex is expected to

cause storage and/or loss of phosphorus and nitrogen within the

11 The trophic status of an aquatic ecosystem is an expression of the rate
of supply of biologically useful organic: utter supplied by or to the
system.
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iapoUD4Mnt zone. lfacronutrients will no lonpr tie transported in pre

project quantities to areas dovnstreaa of the reservoira. It is believed,

however, that the phosphorus and nitrogen macronutrient concentrations

preaeatly in the river exist in excess of the demand for thea, and that this

situation vill not be changed ~y the project.

Dissolved and particulate oraanic ..terial fra. terrestrial plant production

(e.g., tundra peat, hEC acids. etc.). auch of wbicb is expected to be

relatively non-biodegradable and· relatively low in nutritional quality. is

expected to be the preda.inant fora of organic material in the project

reservoirs and down.tre.. riverine habitats conveyins mainstea flows.

Because the organic ..terial of terrestrial origin is expected to be

relatively non-biodegradable and to have low nutritioaal value, it is also

expected to ake a relatively ainor contribution to the trophic status and

tbe flow of biological energy towards fisb resources of the reservoirs and

the riverine habitats downatre...

More ecologically important dissolved and particulate organic II&teriats are

expected to C01ll8 froaa aquatic plant productivity. The IaOst important

aquatic plants will be suspended algae (phytoplankton) in the project

reservoirs and attacbed algae (peripbyton) on tbe stable streaabed

substrates of the riverine habitats. Aqqatic primary productivity is

expected to uke a relatively -.11 contribution to tbe total aaount of

organic utter recruited by the reservoir and riverine aquatic sub$yst~.

H.ovever. tbe organic ...terials tbat are recruited frOlll aquatic prilll&ry

productivity vill be relatively important to the aquatic subsystem's trophic

status, especially from the standpoint of the flow of biological energy into

fisb resources. The reason for its importance is its greater food qual ity

and biodegradability and. therefore. its greater biological Uaportance per

unit weight of material. Thepriury reaaon for the relatively -.11

contributioD of organic ..tter £rOIl aquatic primary productivity to the

reservoirs and river habitats is expected to be low light availability due

to high turbidity during all seasons and ice and snow cov~r duriog cold

seasons.

. ,,
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Supplies of tbe 1IIlcronutr~ents phosphorus and nitrOgen are not expected to

be ..jor limiting factors to the trophic status or the fisheries resources

of either project reservoir or the ..in8tea·riverine habitats dowustream of

the project. Although subetantial changes in dovustre.. nutrient flowa are

expected because of project COllstruction and operations, the project-induced

changes in nutrient cODcentrations aad nutrient biological avail.bilty in

the reservoir and riverine habitats are not expected to be ecologically

meaningful in tet'llUl of the aquat ic subsystem' I trophic status or fish

productivity. The iaportance of project-induced nutrient change is expected

to be overahadoved due to light liaitadon of aquatic priaary productivity

during all seasons.

Miniaal r8;tes and quantities of aquatic priaary productivity are expected to

occur in .aat areas of the project reservoirs and in llIOat downstream

riverine habitats which convey turbid uinstea water. Peripheral dverine

habitats conveying water which is warMr, richer in dissolved eleaents and

relatively free of suspended particulates. will also be subject to less

overtopping by project-controlled mainstem flows. These peripheral habitats

are expected to be as productive orlllOre productive than naturally under the

controlled flow reg~ with the Project.

Mitisation Measures Endorsed by tneAlaska Power Authority

No mitigation measures are ~pected to be necessary regarding this issue.

Therefore, none have been proposed.
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SOS ITRA HYDROELEcnIC PROJECT

DRAFT POSITIOIJ PAPER.

F1SREilIES ISSUE F-2.6

INTRODUCTION

Significance of cbange in vater quality parametera (nutrients> to salmon and

resident fisb babitats and populations downstre.. of tbe dams.
r

position
r

The Alaska Power Autbority supports tbe conclusions presented in this

document. It is our position that no _itigation measures need to be taken

regarding this issue, and that UDpacts to tbe reservoir and downstre.. river

tropbic status and fish resources due to IDllcronutrient changes will be

_ini..l under with-project conditions.

DISCUSSION

Existiua Conditions

to contribute

42~5S7

$502aa

status of an aqua.tic

biologically useful ~~r$1

Badc _Conliderations. The prillary iSlue concerning nutrients and the

SUlitn. Hydroelectric Project is tbe effect that project construction and

operation will have on the trophic status and fish resources of the proposed

reservoirs and the riverine habitats doWltstrea_ frOlll the Project (YEIlC

1984). An aquatic babitat's trophic atat~ is an indication of its relative

degree of richness or poverty with reaard totJierate of supply of its

biologically useful organic ~~e richer the trophic
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Kostfnsbwater lake habitats of teeperate Nortb America bave their aquatic

production of nev orsanic ..terial lLaited by low supplies of biolosically

available phosphorus and/or nitrogen (Wetzel 1975, Hutcbinson 1973, Rast and

Lee 1978, Vollenweider and Kerekes 1980). The aquatic productivity of new

organic 1II8terial in riverine habitats, on tbe other hand, is frequently

limited by a more cOlllplex array of enviroOlllental variables which includes

temperature, biSb flow variabit ity, biSb vetocit ies, turbulence, low HSht

levels, and unstable substrate for attacbed alsae anchor points (Cusbins et

a1. 1980, Lowe 1979, Newbold et a1. 1981, Kinshall 1978, Minshall et a l ,

1983. Murphy et al. 1981, Vannote et ale 1980).

Observation. of the Susitna River mainstelll and peripheral habitats during

recent field seasons bas so far disdosed only two brief periods when

substantial standins crops of attached algae consistently occur (ie., in

spring, before inteaeive and highly turbid freshet flows, and in fall, after

high volUlle and hiShly turbid 8u_r flows begin to diminish). In 1984,

luxuriant crop. of attached fil.-entous algae were photographed along the

fringes of the uintt_ eh.nnel and in 1II8ny side-channels alld side-slough••

The attached algae appt"tred to grow luxuriantly in ...ny places where

incident solar radiation could penetrate to stable stre.ambed substrate.

Quantifications of aquatic priuryprocluctivity and standing crops of

attached a1gae are not available for any reaeh of theSll8 itna. the relat ive

illlportance of aquatic primary production to the flow of energy between

r~i'c..c:J:D Am· ~-;:ElIT.r.L DOC:IJIOiT
:~am:uIIIi$.~PUIIFOSES ClCLY:

.... ' OR FURnIR
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The trophic status of au aquatic habitat, e.ether that habitat is

cbaracterized by slov or fast flC)Ving vaur, is largely dete:na ined by the

rate at _.1cb biolo,ically useful organic _terial is recruited froa tvo

basic sources: priJury production of new orsanic_teruls produced by

aquatic photosyntbesis and orssnic _terials derived froa terrestrial

sources. LUmolosists have 10ns recopized tbe iaportallce of aquatically

produced organic carbon compounds to tbe tropbic status of lakes, ponds and

reservoirs (Wetzel 1975), and tbey are receatly beco-inS more aware of tbe

importance of aquatic productivity in l.lDsbaded riverine babitats as well

(Wetzel 1975, Minsball 1978, Cu.ains 1979, Murphy et al. 1981, Conners and

Naitlan 1984).
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trophic levels leadina to fisb ~e80urces or to the trophic natua of the

Sus itna aiver i. uulmovn. Nevertbeless, regardless of the actual quant ity

of newly produced organic material in the river, it likely' serves as a very

important. bigb quality foodsout'ce for aicrobial populations with varied

food require.ents as well as for invertebrate and vertebrate herbivores and

detritus feeders (C.-ins. 1979). These detrivores and berbivore., in turn.

uy beCOl8e food for vertebrate predators such as juvenile sallDOnids and

resident fisbes vbicb. in turn, may beco.e food for birds and mammal. (Bynes

1970) •

Aquatic Prillary Productivity. Under natural condition., the factors which

appear to betbe lDOst iaportant in liaiting aquatic primary productivity in

the Sua itna aiver are:

o Highly variable water stages which cause desiccatioll or freezing

of dewatered attached algae.

o Relatively cold thermal regiaes with low mean and maximal

te1llperatures.

o Unstable stre..bed substrate,

o Seoul' by suspended sediaent particles,

o Scour by fruit iee, anchor ice, or other iee processes.

o Sedimentation of streambed substrate and SlDothering of small

oraanisms by small particulates.

,.
o Ligbt li.itatioll, duri1ll lIO.t season8, by ice and snow cover or

high turbidity levels.

Substantial growth of attaehed algae occurs in spring and fall when flows in

the mainstelll and peripheral river babitats are relat ively stable and tbe
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negative effects of suspended sediments are reduc6d. The occurrence of

rapidly growing standing crops of attached algae observed during these

periods is indirect evidence that at least minimal supplies of biologically

available phosphorus and nitrogen were present in the river water during at

le••t the s"pringand fall.

Shortages of the ..jor ..cronutrients such as phosphorus and nitrogen

whicb are sufficient to drUlllticaUy ii.it aquatic primary productivity are

not expected to occur in the unregulated Susitna aiver during any season,

nor during any year.

Cheaieal assays for phosphorus and nitrogen levels in theSusitna River have

shown highly variable \IIIIcronutt'ient concentrations occurring in the river

during s~r, vinter and breakup (APA 1983). During mo.t ...pling periods

and at most s..pUng st._tiOGs, concentrations of the various phosphorus and

nitrogen compound. have been found to vary from less than detectable levels

to much greater total concentrations than would be necessary to support

lIIoderate biomass ( 10-20 ugll Totd P and <500 us/l Totd N) or even

excessive biomass (>20 ug/l Total P and >500 ugll Total N) of phytoplankton

(See Figures 1 and 2) if tbe nutrients were in a clear lake.

concentrations of total phosphorus and total nitrogen ""ieh are general

representative indicators of different trophic categories in relatively

clear, freshwater lakes of northteaperate latitudes bave been fairly well

established (Table I). However, for turbid lakes and turbid reservoirs

(Jones and Bachlll8n 1978, Kerekes 1982, Walker 1982), or for rivers and

streams of any size, com~arable relationships bet~een representative

lII8cronutrient concentrations and different trophic categories have not been

well established (Cushing et al. 1980 j Moore 1977>. In fact, the science of

stream limnology, in contrast to lake and reservoir limnology, has not been

able to establish any generalized categories or terminology describing the

relative trophic status of stre... and. rivers in terms of oligotrophy

(impoverished or low rates of biological ener.y supply>, mesotrophy (mediue

rates of biological energy supply> and eutrophy (high levels of biological

energy supply) (Cushing, et d. 1980).
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SUS ITNA HYJ)ROELECTRIC PROJECT
GENERAL lWIGES OF TOTAL PHOSPHORUS AND TOTAL

NITROGEN WilICH ABE RELATIVELY CHARACTERISTIC OF
[)IFFEBENT TROPB.IC CA.tEGOIlIES Of ULAtlVELY

CLEAR LAKES AND RESERVOIRS

Tropbic Type

Ultra-oligotrophic
Oligotrophic
Oligo-.esotropbic
Mesotropbic
Me.o-eutrophic
Eutropbic
Hypereutropbic

Total P(us/l)

< 5
5-10

< 10
10-30
10-30
10-30
30- >.5,000

Total N (ugll)

< 1-250

250-600

500-1,100

500-15.000

Source: Adopted from Wetzel (1975)

Altbougb concentrations of total nitrogen and pbosphorus which are generally

representative of any given tropbic status of subarctic rivers have not been

establisbed, it is reasonable to assume that concentrations generally

accepted as indicators of lake trophic status, and pou ibly even lower

concentrations, vouldbe ap~licable to north temperate or subarctic rivers.

Under such an assumption •. concentrations of IUcronutrients in the Susitna

River would not appear to be lLaitin. to aquatic primary productivity under

present environmental conditions durin. s....r, winter or breakup time

periocU (See Figures 1 and 2).

Anticipated With..,Project Conditious Reser:voirs. Coustruction and

operation of the proposed project will produce a reservoir habitat in which

phosphorus and nitrogen are both added to and relllOved from the impounded

r ber water. Addi t ions of phosphorus and nitrogen to the proposed

reservoirs are expected to occur pri1ilarily due to:
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o MaiastelD river, tributary alid groulid.1tater ilifluents

o Surface tunoff frOID eroding reservoir side1talls and reservoir

drawdowa zones

o Liberation of nutrients due to microbial decay of inundated

organic material

o Leaching of nutrients frOlR newly inundated soils by chemical and

bioch.ieal processes

o Treated secondary sewage effluents frOlR construction-related

facil ities

o Particulate fallout from atmospheric sources

o Direct precipitation in the form of rain and snow

Substantial losses of macronutrients which eater the project reservoirs will

be expected to occur. The majority of phosphorus atollls entering the project

reservoirs are expected to precipitate out with the sediment particles on

Which they arrive aad to remain permanently stored on the reser'l7oir bottOm.

Microbial denitrification activity and precipitation of nitrogen compounds

attached to particulates will be expected to remove sollie of the nitrogen

added to the reservo irs. However, ai tro*en. fi.xa t ion by aquat ic microbes may

add small quantities of biologically available nitrogen cOlllpounds to the

reservoirs. Overall, the reservoirs are expected to act as nutrient sinks,

and phosphorus and nitrogen exports to downstream areas should be reduceci

(Hannan 1919 ,Wetzel 1915).·

Expected Res.etvoir Tropbic Status. The preseat state of knowledge of

subarcti.c resetvOit Unology indicates that both project reservoirs will be

e1assifiableas having uproductiv.e or extremely un.productive trophic states.

The major factors limiting the aquat Ic primary product ivity of both project

j

t
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reservoirs are aot eapected to be nitrogen or phospb~rua supplies, but

rather low light conditi~ns (due to turbidity and to ice and snOW cover),

cold temperatures, lack of any substantial littoral zone, and large dravdowo

zones due to project operations.

Organic IDaterial recruited from terrestrial sources is not expected to add

substantial _ounts of readily usable organic IDatter to the reservoirs I

detritus food base and it .y even depress the potential primary production

(Jackson and Hecky 1980). The relatively sho"C't bulk residence ti_

estiaated for the "C'eservoir waters and the relatively nonreactive nature of

lDOst of the influent organic _te"C'ial indicates that little che..icdly or

bioch_ically .diated change in ter"C'estrially produced organic Ilt&terial

will eeeue before it is discharged fra. the reservoirs. Thus the project

reservoirs win not be expected to contribute large aaounts of high quality

organic food Ilt&te"C'ials to.dowostrea.. riverine habitats.

The project reservoirs, like IDOst reservoirs around the world, will be

expected to go through a mild "trophic upsurge II period after fill ing,

characterized by slight increases in biologically available phosphorus,

nitrogen, organic detritus and suspended sediments (GrimaI'd and Jones 1982,

Therien, et ale 1982, Ostrofsky and Duthie 1980, Jackson and Becky 1980).

Both reservoirs are expected to experience slight oxygen declines in their

deeper zones. especially during winter stratification. Both reservoirs are

expected to have relatively low rates of biologically mediated nutrient flow

during their entire. lifetu.s, and are expected to support only minimal

bacteria. fungi. phytoplankton, zooplankton, and fish populations (Lloyd

1985, .1. leoenings, ADF&G, pel'S. C01lllll).

Attticipated With-lroject Conditions: Riverine Habitats Downstream

With-project cOllditions in the mainste.. and peripheral habitats directly

affected by ..instela flows free May to Septelllber are expected to be slightly

!Dore favorable to priBary productivity than preproject conditions. Several

characteristics thought to severely li.it pri1ll4ry productivity (substrate

scour , substrate instability, streaabed sedimentation by fine particles,

r
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bigb turbidity, biab flow v8riabit ity) are expected to bave lee. negative

10f1uence 00 aqu.atic pTUaary productivity by peripbytoo under witb-project

s...er cooditiou.

Regulation of river flows to provide lower than natural water stages during

s~r ..y also prevent highly turbid ..instee vaters fro. reducing

the aquat ic peripbyton productivity of lllany clear, running water habitats

peripheral to the ..instea. Any enbance1Dent of priaary production in

peripheral riverine habitats during .~r ..y serve to enhance the trophic

.tatue and biological pToductivity at all trophic levela of tbe Middle river

reach.

Downstream Nutrient. Flow. The total amount of phosphorus transported to

downstream riverine habitats will undoubtedly be reduced, but the relative

concentration of phosphorus per unit weight of suspended sediment will

probably be increased by project operations. This phenomenon is expected to

occur because the smaller average size of suspended particulates discharged

from the Project should have a much larger ratio of surface area to weight

compared to preproject suspended sediments, and because phosphorus is

frequently complexed to the surfaces of suspended particles (Schreiber and

Rausch 1979).

Although the concentration of nitrogen may decrease during passage through

the project reservoirs, additional sources of nitrogen are expected to be

added to riverine habitats dowustreaa of the project by tributary and

groundwater influents, and by organic detritus derived frOID the terrestrial

enviroa.eot. Riparian vegetation. especially alder (Alnus ap.) J is an

excellent and well recognized source of fixed nitrogen for nearby aquatic

enviroa.ents (Wetzel 1975, Livingston 1963), and alder is a common coaponent

of the riparian vegetation along the Susitna River.

Trophic Status and FisberiesEffects SU81i8ry. The trophic status of both

proj!!(;t reservoirs is expected to "ielall,.tHed as oligotrophic (i.e. a low

rate of biological productivit,at_ll trophic levels) or even uttra-

J
J
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01igot~opb ic for the 1ifet i1lM! of the project. Projeet-induced changes in

nitrogen and phosphorus concentrations in the reservoirs are not expected to

be sufficient to alter their relative importance in the hierarchy of factors

which will act to lilllit aquatic primary productivity (Le. light,

teJllperature, hydraulic residence time. etc.).

The trophic status of glacial streams and rivers is U8~lly relatively

impoverished (Lloyd 1985, Milner 1983, Steffan 1971, Van Stappen 1984, Ward,

et ale 1982), as are streams receiving particulate plaeer taine wastes

(Lloyd 1985, Vau Nieuwenhuyse 1983).

The trophic status o·f the Middle River uinstem is presumed to be relatively

. impoverished at present, especially relative to non-glacial rivers at the

same latitude. Project-induced changes in macronutrients are not expected

to change the Middle River trophic status. Periodic high turbidity and

suspended sediment levels presently act to limit Middle river aq.uat ic

productivity at all trophic levels. Chronic, moderate to high turbidity and

suspended sediment levels, expected under with-project condit Ieas , are

expected to continue to limit aquatic productivity at all trophic levels and

in all habitats of the river carryin& turbid mainstem flows. Although

mainstem aquatic productivity is still expected to be strongtY limited by

the projected with-project suspended sediment regime, condit ions for

attached algal productivity on the margins of the turbid mainsteta may be

improved under with-project conditions in areas where sunlight can penetrate

to stable streambed substrate. A somewhat analogous situation has been

observed in the chronically turbid Kasilof River of the Kenai penirt8ula.

Peripheral riverine habitats that may be inundated less often by uinstem

flows under with-project condit 1.0rts are expected to maintain or increase

their aquatic productivity relative to natural conditions.

Mitigation Heasures En40rsed by the Alaska Power Autho~i"ty

No 1Ilitigation measures bave been proposed regardirtg this issue. None are

expec ted to be needed.
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