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INTRODUCTION 

The Grand Replenishment and Northern Development Canal was proposed 

by T. �'l. Kierans of Sudbury, Ontario in 1959 (see Western States Water 

Council-1969). That was not the first diversion of Canadian water resources 

proposed; several are listed by Quinn (1970), but it appeared to bring in 

its train other proposals of various sorts, culminating in the massive 

engineering works that the Parson's Company of Los Angeles envisaged to 

move Alaskan and Yukon >·rater to California. 

Because of the magnitude of the concept and the international 

aspects thereof, a great deal of public interest was enge�dered, A former 

member of the International Joint Commission A,G.L, HcNaughton (1967) 

blasted it as "a monstrous concept - a diabolical thesis", whereas �v.R.D, 

SeHell (1967) called the NA\vAPA scheme exciting and ime.ginative saying 

that 11It illustrates the htentieth century emphasis on the application 

of technology on a massive scale to solve human problems1'. 

The appearance of those Hater management schemes in the news media 

brought forth similar schemes that had been in gestation for various 

periods of time, and were of varying technological excellence and public 

acceptability. The Alberta Prairie Rivers Improvement and �'�anagement 

Evaluation (PRTI-lE) program was only one of a number of schemes which 

sought to employ technology on a massive scale to solve human problems. 

The Alberta \'later Resources Division (1969) did a valuable service by 

collating and publishing details of a nuJnber of •·rater diversion schemes 

that would move vmter through massive engineering '\·rorks from C8nada to 
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the United States, a..."1d even to M"exico, Central in most such schemes was 

the thesis that water flovring north\·mrd is wasted water because fewer 

people live in the north country (See Quinn, 19?0). If somehow the flm·rs 

could be reversed the deserts could be made to blossom and all manner of 

pollutants could be diluted, 

Untovrard ecological effects of river diversions are latterly of 

considerable public concern. A recent exantple of failure to appreciate 

public attitudes in the \-rater resources sector v:as the confrontation 

between the Hanitoba Hydro Commission and the public of that province 

over the proposal to raise the level of South Indian Lake in order to 

store -vmter for pov1er generation. 

Perhaps the other most cogent example of one-sided planning \·ms 

the construction of the Bennett dcm on the Peace River, and the effects 

that the altera tion of riverine flows have had upon the .Peace-Athabasca 

Deltr. in Alberta, and adjacent portions of Lake A.tha.basca in Saskatchevra.n. 

Na.ny of the conflicts of resource use that have ensued are set forth in 

the Proceedings of the Peace-Athabasca Delta Symposium published by the 

University of Alberta (1971). Additional studies to clarify some of the 

residual problems still·are being conducted under the aegis of a federal 

11Task Force11• No doubt its proposals and recol'!lillendations will be useful 

in predicting the ecological effects of some of the engineering projects 

being studied by the Saskatchm·ran-Nelson Basin Board. 

The SaskatcheHan-Nelson Basin Board is conducting engineering 

feasibility studies for the follov:ing diversions from the Kackenzie 

basin through several vrater resource agencies, as indicated. 
. ' 



Diversion 

2,000 cfs 

4,000 cfs 

5,000 cfs 

10,000 cfs 

10,000 cfs 

10,000 cfs 

Pro.ject 

Upper Athabasca 
(Dams and diversions on 
Pembina at Evansburg, 
McLeod at Peers, and 
Athabasca at Old Han Creek), 
Engineering site studies done 
by Alberta Water Resources. 

Upper Athabasca 
Engineering site studies done 
by Alberta \'later Resources 
Division. 

Lm,Ter Athabasca Diversion 
Moose Portage Site near 
Smith. Engineerb1g site 
studies by P.F.R.A, 

Lower Athabasca Diversion 
Hoose Portage Site (P.F.R,A,) 

Smoky River Diversion near 
\vatino. Engineering site 
studies by P.F.R.A. 

Peace River Diversion at 
Dunvegan. Engj_neering site 
studies by P.F.R.A. 

-:� cfs. - cubic feet per second 
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Method 

Water removed from Pembina 
replaced from HcLeod, , .. ater 
from HcLeod replaced from 
Athabasca, vmter from Atha­
basca not replaced. 

Same structure but removing 
twice as much water 
(2,896,000 ac.ft./yr.) 

Dam for diversion by canal 
to N, Saskatche1van River, 

Same structure but hlice as 
much removed from Athabasca 
River, 

High dam with gravity flow 
or low darn with pumping. 
Canal to Lesser Slave Lake. 

Darn with pumping only. 
Canal to Lesser Slave Lake, 

Total diversions as outlined= 34,000 cfs or 24,616,000 ac,ft./year. 

A thorough ecological underst&�ding of the impact of massive 

water diversions on the biotic environment downstream on the Hackenzie 

River system is beyond the scope of a brief report such as this, It is 

.strongly recorrrrnended that new resources be allocated to thorough ecological 

appraisals prior to any further reduction of Hackenzie River system flm-1s. 
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viTLDLIFE OF THE HACKENZIE BASIN 

There are a number of useful reference books available wherein one 

may read Hhat plants, .forest trees, insects, fishes birds and manunals 

are to be found in the Hackenzie basin. Not only is there a thriving 

resident population of Hild species but there is a spectacular influx of 

summer visitors that ranges from hurrming birds to whooping cranes. 

There has not been a census made of the v1ildlife species '·lithin 

the whole of the Nackenzie basin. Brit:i sh Columbia (196L�) once made 

some useful estimates but other jurisdictions have been more cautious in 

providing total figures, except in a feH instances. For the sake of this 

discussion, a tally of the total nwnbers of anime�s, birds and fishes is 

less important than a consideration of the ecological frameNork within 

which.they exist. Because parts of that fra.'Uework may be altered by any 

significant 'v-ater di':ersion, the ecological aspects w.ill take precedence 

over questions of total animal populations and biomass. It is felt that 

the time long since is past when alternatives that inYolve environmental 

quality can be discussed adequately in terms of dollars, kilov1att hours, 

or horsepovrer. As requested hoi>Tever ,at least a preliminary assessment of 

wildlife values in dollars will be given for 1962-63, a year vrhen 

comparative data are available. 

One expression of the \·rildlife potential of any area is tho extent 

of use made of it by trappers and hunters. Data for the total use in any 

one year are not easily forthcoming, especially vdthin provincial 

jurisdictions, because no record of hunter success is maintained. For 

'·· 



managerr,ent purposes hm,;ever, a sampling ·technique is employed "I'Thich 

generally gives adequate data.  
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Table 1 and Table 2 provide a comparison for 1962-63 of the units 

of fur and large game taken by hunters and trappers vQthin Alberta, B.C. 

and Hackenzie District of N. 'VtT. T. In Alberta most of the fur caught is in 

the region north of Highway 16 vThich corresponds roughly i•Qth the present 

Big Game Zone 1. In the B.C. sources ,  the data are not broken dovm by 

districts. In the N.H.T. most of the fur is taken from the Nackenzie 

basin because most of the settlements are along the river. 

The data for big game species are in each case adjusted to include 

only the Mackenzie drainage basin . 

For fur bearers the number of units trapped within the three 

jurisdictional areas in 1962-63 ivas 1,528,000 (Table 1) . In Alberta, 

that was reputed to have a market value of $1,825,000, in B.C. $830,000 

and in Ha.ckenzie District $695,000; for a total of $3,350, 000. 

If �<re assume that half of the fur in B.C. "1-ras taken from the 

Liard R:l.ver and Peace River drainages then the actual value viaS 

$415,000, reducing our total to $2, 93.5,000, 

If ·He evaluate each moose as vrorth $170, as Pattison (1970) 

proposed, and ea.ch deer or caribou at half that amount, the value of the 

big game resource was $1,720,000. Thus in 1962-63 the cowmercial value 

for the big game and fur resource in the Nackenzie basin i·ms of the order 

of $4,655,000, It is adnutted that the figures could be added together 

in different i·mys and different totals might be achieved . In addition to 

that fact, no data are available for the numbers of '\vaterfm'll, and. upland 

\ 
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Table 1 - Yield of i•Tild furs from the Mackenzie Basin in 1962-63. 

British 
1 

Alberta 2 
Mackenzie 

3 

ColumbiJL.. District 

Red squirrel n.d. 799,531 12 , 199 

Beaver 26 , 529 50, 462 8 , 691 

Huskrat 39,811 204�532 193 ,1+60 

Heasel 10,821 36 , 547 6 , 903 

Mink 11, 896 9,563 9 , 832 

Fisher 605 478 18 

Otter 1, 363 38 195 

Harten 8, 099 538 14,414 

Wolverine l�o 18 33 

Coyote n.d, .. �� 5 , 086 19 

Red Fox 826 509 267 

vlolf n.d. 200 102 

Bears n.d. 108 21 

Lynx 12 , 570 11, 251 4 , 761 

Varying hare n.d. 451761 n.d. 

Skunk n.d. 18 0 

Totals 112 , 560 1,164 , 640 250,815 

* -.no da.ta 
'·· 

1.  British Columbia (1964) - Inventory of Natural Resources 

2 .  Data from J. Stelfox (pers. comm. ) 

3 .  N.\1.T. Fur Export Ta.x Returns (courtesy H. J. J:.Iann) 



Table 2 - Yield of Hoose, Deer and \·loodland Caribou from the Mackenzie 
Basin in 1962-63 . 

Deer 

B.C. - Peace River Area l 4527 

Alberta - Zone 1 2 1281 

N. 1'1, T. - l'1ackenzie Dist. 3 0 

Totals 5808 

1. B.C. (1964) - Inventory of Natural Resources 

2. Data from J, Stelfox (pers. comm.) 

Noose 

3378 

1993 

1678 

7049 

3 .  N.W.T. Hunting License returns (courtesy H.J. !-'!ann) 

\\f. Caribou 

30 

300 (est.) 

330 

game birds taken for sport a.nd for food, nor is there information about 

the moose, deer, and caribou used for food by those northern residents 

7 

who- are not included within the samples of licensed sport hunters. Given 

time and a satisfactory frame1·:ork for collecting and analyzing the data, 

more accurate figures could be arrived at. Such figures vTOuld indicate 

that the partial cost estimates presented here for 1962-63 are too lo"'l'r. 

Although all provincial jurisdictions maintain vQld life statistics their 

frame of reference often is different for each, so comparisons become 

difficult. The Northvrest Territories collects royalties on furs exported, 

but Alberta <lld B.C. do not, Provincial jurisdictions require residents 

as viell as visitors to purchase licenses to hunt and fish. The sarne 
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practice is not universal in the North>vest Territories. 

In the British Columbia sources quoted the statement is made that 

nowhere in the province have hunters been able·to harvest the annual 

increase in the stoclcs of big game (page 566). The same conclusion was 

reached by Pattison for moose in the northern half of Alberta. Probably 

a similar situation exists l-.rith regard to the fur on registered trap-lines 

in the two provinces. It is well knmm that although the fur potential 

of the Mackenzie District is heavily utilized near the settlements, large 

areas away from the major waten-Iays are seldom visited. 

The vrlld life resource now contributes importantly to the northern 

economy and has the potential to provide a great deal more, given greater 

effort on the part of the trappers and hunters, Obviously it is a resource 

'vith a great deal of potential for the future, It is a resource Horth 

managing a.11d cultivating for the variety and interest that it can contribute 

to the northern landscape, as well as for the economic values that are more 

usually regarded as paramount, 

�here are some useful conclusions to be drawn from provincial 

government sources vrith regard to the value of the major water courses 

to big game species in Alberta. Stelfox (1966) compared the numbers of 

moose seen on straight line flight transects vrith those seen along 

valley bottoms in winter. In flying vrildlife transects over 80,000 

square miles in north-vmstern Alberta he sm-r an average of 1.3 moose per 

square mile, 1vith a density range of 1.0 to 2. 5 per square mile. When he 

follm.·red valley bottoms the incidence of a.nima.lr:> increased four-fold 

as follows: 



Peace River 7 . 5  moose per square mile 

Clear an.d N otekewin Rivers 4.3 11 II 11 If 

Big Smoky River 4.0 It II It II 

Wapiti, Narravmy and Kakwa Rivers 5.5 11 " " II 

Simonette and Little Smoky Rivers 3.1 Tl " ll II 

Average 4.9 moose per square mile 

On other straight line transect flights in v.rhich moose, elk, 

and deer collectively were counted the average Has 3 . 5  animals per 

square mile, compared with 11.8 animals per square mile in selected 

valley habitat on the Pembina, Brazeau and Elk Rivers. Those data 

9 

are convincing evidence of the value of the valley floodplains in 

supporting the larger ungulates, especially in \vi.nter. The animals 

resort to those areas for shelter and for the less onerous snow 

conditions, but especially for the shrub and hardwood brows3 f,pecies to 

to be found growing there. The brow-se spec"ies usually are associated 

with an early seral stage of plant succession. 

Another important contribution of river valleys to wildlife 

is their use as migration routes by wlld fowl. A river represents an 

avenue of continuous habitat for waterfovrl, and in addition, by sho,,ring 

some of the earliest open water in spring, provides safe resting habitat 

for migrating flocks. The sandbars and mudbars are especially important 

· to s-...rans, geese, and shorebirds, as may be noted in the appropriate maps 

and· booklets of the Arctic Ecology l'1ap series (1971) published by the 

Canadian \·Jildlife Service, Geese and swans resort to mudbars for the 

grasses and horsetails that constitute an important food; other species 
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are attracted by the protection provided by the open space , On northward 

flo�<rlng rivers like the Peace, Athabasca, Slave and Mackenzie I·Those 

courses are aligned vlith migration routes for many species of bird life, 

the production of ne1v mudbars and gravel flats by late spring floods renevTS 

the kinds of habitat on \·lhich the birds depend, Should a situation arise 

wherein spring floods are greatly reduced or eliminated such habitat 

vTould rapidly be overtaken by copses of I'Tillm·J'S and poplars, and eventu­

ally by spruce forest. That kind of habitat is not attractive to aquatic 

bird life. 

Although habitat requirements of beavers vlill be discussed under 

sections dealing vrith the large deltas in the l'Iackenzie River systerr. it 

may be mentioned here that beavers are creatures of floodplain::, in our 

northern regions because ri vcrs represent not only a path1vay for travel 

but have abundant food in the form of as p e n, poplars and �<rillows. 

Beavers inhabit the Hackenzie basin from it� headwaters to its terminus, 

although they probably have been displaced from the 680 square mile 

Williston Reservoir in B.C . because of the extreme variation in water 

levels and the flooding out of food source s ,  

This last problem is considered by \'felch et , al . ( 1966) . Those 

authors state (page 23) that muskrats and beavers are placed at an extreme 

disadvantage by fluctuating water levels, particularly v1here drawdmvn 

occurs in late 1vinter and spring, vThen the already scarce food sources are 

destroyed and lodges marooned. Although they vTere speaJcing of the 

situation that could develop on the South Indian Lake n�se1·voir in Hanitoba, 
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the problem is no less real for other areas of Canada, Of special interest 

is the water regimen that is created belm·T impoundments, or along diversion 

channels, wherein •·mter levels continue to increase from early vlinter 

until spring as water is released, for power generation as on the Peace 

River, or for industrial and domestic use, 

In a northern climate aquatic animals are suddenly confined to a 

particular habitat by a layer of ice. Hh.ether that habitat represents 

a secure haven or a prison depends upon hoH generously the requirements 

for space and food are provided for. Beavers often build dams to 

maintain 1vater levels in the lakes or streams they occupy, constructing 

therein a lodge or bank den and sinking into the mud a store of tree 

branches to serve as food over �Qnter. 

Nuskrats also build houses or bank ci.ens and althou.gh they do not 

store food they have developed their ingenious feeding lodges on the ice 

to make the food grmving on the lake bottom more easily available to them. 

Beaver lodges, feed-beds and dams are completed by late autm,111 to accord 

''Tith the lm·T Hater conditions that usually prevail a.t 11freeze-up11• Euskrat 

lodges and bank dens also are constructed under the influence of slack 

,,rater conditions of September and October, but muskrats have no means of 

influencing water levels by dams so they are more at the mercy of vra'Ler 

fluctuations, In either case the rise in 1·rater levels after freeze-up ' 

drmms the animals caught under the ice, or forces them to escape. Being 

aquatic animals they cannot survive the rigours of our northern vlinters 

and once out of their usual enviro!1!Ilent they quickly freeze or fall prey 

to predators. Rising vrater levels then carl be just as damaging to aquatic 
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fur resources as the falling levels that \'felch spoke about. 

There is another phenomenon in northern areas that is kno"m to 

local people as "overflovi'1 and to glaciologists as "aufeisn. It is the 

extrusion of vrater from below an existing ice surface and its mixture 

with snovr layers to form a slush that quickly freezes. In many alpine 

and northern streams the depths of ice that can be built up by this method 

are quite impressive, and often their persistence into summer attests to 

their mass. The formation of aufeis depends in part upon streams freezing 

to their beds a.t some point and then the unfrozen water behind spilling 

out over the surface and freezing in successive layers. 

To the trapper or northern traveller the presence of overflov; on 

lal<:es and rivers is ·3. great inconvenience because it adheres as ice to 

the webs of snovrshoes, the running surface of sleds or the tracks of 

oversnm·r vehicles. It also freezes Ghut the plunge-holes
' 

in muskrat 

push-ups and makes trapping activities much more difficult, if any 

muskrats survive. 

In as much as the regulation of northern rivers is a stated 

intention of several hydropm·rer and v;ater management agencies the effects 

of significantly i.D.creasing vlinter flows in northern rivers should be 

investigated, not only for the deleterious effects to wildlife and fish 

resources but also for the impact on northern transportation, ice thickness 

and on the da.tes of break-up of the ri vcr icc. That these problems are 

not always fully appreciated is shmm by the sta.tement of Coulson ( 1969) that 

increased 'vrint<::r flo\·is are beneficial. 

I 
I 

\ 



13 

DELTAS OF THE HACKErTZIE BASIN 

It is axiomatic that 1ald animals cannot persist outside the 

protection and sustenance of a suitable habitat . Changes in vdldlife 

habitat may be dramatic , as outlined by Dirschl (1970), but more usually 

they are gradual and it tru(eS time to observe their effects upon the 

,,dldlife involved. Most studies of individual species in the boreal 

forests of the Mackenzie basin have been done under the natural regimen 

of soil , climate a..nd waterflow that vTas established after removal of the 

last Pleistocene ice sheet, Anticipating trends in the accommodation of 

plant and animal cowmunities to new sets of conditions can be tentative 

at best , and calls for the kinds of speculation that usually arc frovmecl 

upon in scientific endeavor . To make what follO\·Is in this report 

scientifically respectable , .. muld require the inclusion of much more data, 

which only can be colle cted over time . Yet 1·rhen faced 1dth problems vrhich 

are new and unique in our northern cl:iJnate , some conclusions have to be 

drmm. from too few data,  1ve may never have all the data >ve need, but the 

present dearth of biological information clearly indicates that more 

study must be clone if the ecological consequences of turning tJ:ackenzie 

River vTater south1,rard to the heavily populated hea.rt of the North American 

continent are to be predicted, 

Hydrological data available are insufficient to make valid judgements 

about the extent and duration of flooding on the floodplains of the Peace, 

Athabasca, Slave and Hackenzie Rivers. A fe1·1 clues to �he timing of the 

floods are available in published and w1published literature but oore needs 
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t o  be learned by the establishment of more gauging stations. There are 

no data available for the lovrer Slave River, the lower Liard River, nor 

the Nackenzie River beyond Ft. Norman. As 1dll be pointed out hereunder, 

the exceptional high 1.vater situations are valuable to the northern eco­

system, not only to fill basins and flush out the products of organic 

decay, but also to add a vital layer of calcareous silt to lclces and 

floodplains. 

In the published literature there are fei•T studies that report on 

the 1dthdra1val of significa.nt amounts of water from river basins. Curiously, 

the studies done of the proposed diversions from the Churchill River in 

1-fanitoba were aJ.Jnost entirely concerned 1.<rith the delterious effects of 

flooding South· Indian Lake on the fish and vrildlife, aDd the t1·apping 

economy of the local people. Only passing mention viaS made of the 

drastic decline in flm·rs of the Churchill River belovr the dam at Missi 

Falls. 

Because deltas are the portions of a watershed having the richest 

and most varied flora and fauna, the following portions of this report 

will deal specifically with the three largest deltas in the Hackenzie 

basin; the Slave Delta, the .Hackenzie Delta and the Peace-Athabasca Delta. 

Information about conditions on floodplains of northern rivers, such as 

the Peace and Liard Rivers, will be referred to in order to clarify and 

. amplify ecological conditions to be encountered in those deltas. 

Hany \dldlife studies to date have been done in deltas because 

of the concentrations of animals there. Some particularly valuable and 

pertinent studies currently are being done in the Peace-Athabasca Delta, 
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and some preliminary results already are available and will be referred 

to. The concentration of investigative effort there in the past few 

months should be looked upon as a measure of the scale of effort that 

needs to be expended to understand �he dynanuc processes of complex 

ecosystems, even in a comparatively small part of a major river basin. 

Slave River Delta 

Following the removal of the last Keev;atin ice sheet a long arm 

of Great Slave Lake extended southward a�lost to the present site of 

Ft • .  Smith on the southern boundary of the North':Test Territories (Raup 1946) . 

Since that time v1ater levels in Great Slave Lake have fallen from the 

700 foot level that Raup quoted, to the present summer le'vel of about 515 

feet. The long lacustrine estuary that stretched almost 200 Jniles 

southward has been filled in by water-borne sediments, and the Slave River 

has nmv encroached upon the la.l<e, where it is rapidly laying dmm a 

typical delta. Although the present delta is only about 60 square rr.iles 

in size, adding the:reto its antecedent portions would make j_t almost 

comparable in area to the Peace-Athabasca Delta to the south. 

Law (1950), 1·1ho spent the surmner of 1949 in the Slave Delta 

studying the biology and habitat requirements of the muskrats, provides 

a description of the plant co�nunities there. Preble (1908) previously 

had recorded a traveller's view of the watenmy from Ft. Smith and noted 

that 11the narrm·r chan.Ylels through \·lhich Slave River enters the lake are 

disp osed 
·
along a dir:;tance of over 20 miles of its coast line. Eany of 

these channels are so shallovT in times of lov1 vmter as to be almost 

I 
I 
I 

I 
\ 
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-

unnavigable even for canoes ,  and even in the main channel the 6 feet 

of vmter necessary for the passage of the l.'Trigle;y is somet:iJnes found 

vrith difficulty . The alluvial isla..r1ds vrhich are inclosed by these 

channels are lm-1, and are mainly covered with grasses and willmlS. 

Toward the head of the delta the islands are older and higher, and have 

become clothed with willows,  poplars and spruces, in varying degrees of 

combination, according to the age of the island. 11 

Law ( op . cit.) also noted that vrlthin the mor� recent and active 

portions of the delta no spruce vrere to be found. Soper (1957) who, as 

a migratory birds officer, made several visits to the delta over 20 years, 

recorded similar observations about the unforested nature of the lower 

delta. One general conclusion to be drai-m from these observations is 

that the process of delta building is proceeding very rapidly, and that 

natural plant succession is able to clothe the land with. forest only as 

conditions for spruce regeneration become suitable .  In Lm.•rT s report is 

a sketch map of the changes in delta configuration betHeen the years 

1942 and 1949, Without base data as to vrater levels during these hro 

year s ,  it is difficult to judge ivhether LawT s extensions of mudbars 

by a rrd.le into the lake are valid, but generally Great Slave Lake levels 

are stable, so some credence must be given to his observations , 

Like the other major deltas along the Peace-!-1ackenzie watenray 

the Slave Delta is a dynamic system and supports a varied fauna and flora. 

Raup ( op. cit. ) provided a listing of the major plants in successional 

grovrt.h on the alluvial flats , starting vrlth 1·iillmvs ( Sali:x; ) and commencing 

through alders ( Al� tenuifolia ) to balsam poplars ( Populus balsamifera ) . 
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The poplars in turn provide shade and protection for the establishment of 

white spruce (Picea gla:uca), v1hich eventually emerges as the dominant 

species .  others ��o have made similar studies in the region in question 

include Lacate,  Horton and Blyth (1958), Jeffrey (1961, 196L�) and Wagg 

(1964). Although they mainly were interested in forest gro\'rth on the rich 

alluvial floodplains of the Mackenzie·lowlands, they all agreed that the 

major route \vhereby boreal spruce forests became established is through 

the primary successional stages that Raup outlined. Once established, 

fire, lumbering and \'rindthro>·r might exert a ma.jor influence on forest 

replacement, but that was another problem . Wagg especially described the 

role that alluvial deposits played in forest regeneration, and Robinson 

(1967) was of the opinion that viable spruce forests could persist on 

floodplains and grO\v to maturity only if periodic flooding and siltation 

occurred. Such flooding removed the insulating layer of mosses (especially 

]ylocomiwn), that raised permafrost levels beneath the spruce canopy .  

Flooding also provided a layer of mineral soil lvhereon spruce seeds 

could germinate and become established. \vagg (op . cit . ) conunented that 

primary invaders on alluvium, notably the horsetails (JEguisetuJll), played 

an important role by protecting VThite spruce seedlings from insolation. 

He stressed that one reason species like spruce, vrillovrs and horsetails 

are able to resist burial by successive alluvial deposits is their ability 

to produce adventitious roots further up the stem . He noted that jackpine 

(Pinus banksiana), occupied only the drier sites because it grew from a 

tap root, ·and did not have such flexibility of growth pattern. 

It was Robinson1s contention that, in the northern boreal areas, 
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forest sites will naturally degrade to poorer growing conditions. m-

less such natural events as fires or flooding interpose to stop or to 

reverse normal succession . His ideas are in part supported by Benninghoff 

(1952) and Viereck (1970) in Alaska and certainly require , more study, if 

only to develop better forest management methods . 

It is unfortunate that actual figures for flmvs and stages within 

the Slave Delta are not available at this time .  At Fort Fitzgerald it is 

suggested that the control of flmv by the Bennett dam, coupled with the 

proposed diversions of 30,000 cfs out of the Nackenzie basin v-rould reduce 

the mean monthly stage level by only 2 feet , from 25 to 23 feet in June . 

Although Fort Fitzgerald is the nearest gauging station to the Slave Delta 

such average figures are difficult to evaluate because they provide no 

indication of the timing or amounts of max.inn.un flov-is by year, nor over time . 

As Brovm (1971) has stated, river channels are carved and structured by 

periods of peak flow of high frequency, not by average or lmf flovrs . Floods 

with their quickened current and high sediment loads represent the vitality 

of rivers; the yearly renevml to their life systems, 

Assume for the sake of argument that a combination of water control 

structures on the Peace River either store or divert most of the flood 

waters that normally impinge upon the Slave River Delta.  Simultaneously, 

a situation can be envisaged \'Therein most of the Athabasca River flood 

waters were being stored in Lake Athabasca and adjacent delta -vmter 

bodies to restore their depleted levels. As a consequence only a minor 

rise of the Slave River above the winter stage levels would be allowed. 

Experience in other places indicates a fevr trends that might develop in 
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the flora and its associated fauna as a consequence, Lawts (1950) study 

of muskrats will provide a fe\v clues, as v.rill Sopert s (1957) observations 

on birds . 

Like the muskrats of the Nackenzie Delta, those in the Slave Delta 

do not build winter lodges of vegetation, ·whether there is a lack of 

suitable plant material or whether some behavioral cause is paramount, all 

animals live in dens dug into the banks of l�<es and channels ,  The food 

they eat yearlong must be found in the vicinity of a suitable den, and the 

vrater must be deep enoueh to preserve the right kinds of food over winter, 

when ice forms on lakes and channels . 1�1-1 suggested that water bodies 

less than five feet in depth were not suitable for muskrats, and that there 

vms a definite relationship between \'later levels and muskrat populations . 

He said that 11moderately high and stable levels over the fall and winter 

m�<:e the maximullt amount of food available and prevent freezine to the 

bottomil, Although muskrats lived in slack channels, they also lived in 

lakes on the delta islands so unless \'later levels were raised sufficiently 

to flood such sites they would present insecure habitat, and likely 

would change markedly in chemical composition and floral structure 

over time. 

Soper (1957) observed that the Slave Delta, being the largest 

such habitat betvreen the Peace-Athabasca Delta and the Nackenzie Delta, 

was attractive for thousands of wild fowl that fed and rested there on 

migration . Although some birds stayed to nest, the maj ority moved on 

northvrard·. Those spring mierunts included not only ducks but also 

thousands of geese that fanned out from that dispersal point as far west 

as the Kackenzie Delta and Yukon coast, and as far east as the Perry River , 
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Nost of them funnelled back through the delta in the fall . A c cording t o  

Soper the feeding and resting sites for geese "are not i n  the wooded 

depths of the area along the streams , but spectacular concourses assemble 

on the mudflats and sandspits from Nagle Bay northeast to St ony Island 

and beyond11 • 

For both muskrats and waterfowl the preferred habitat in the Slave 

Delta is the newer habitat at the primary levels of succession; habitat 

that is maintained at such early stages by flooding and sediment deposition. 

Similar situations obtain on the other large deltas and will be expanded 

upon later . It seems safe t o  say hm'i'evt:- r ,  that if yearly flooding were 

reduced significantly, or if high flovrs were eliminated, there "rould be 

a bolting of the ecological complex toward a 1·1hite spruce fores+ that 

eventually might be replaced by black spruce muskeg, as Robinson (1967) 

suggest ed . 

" Although there is little t imber extraction along the Slave River 

currently, there vrere . several sa\,r mills operating there at one time , and 

they would operate there again. Earl:i.er Robinson (1960) had sugge sted a 

reservoir of 85 million f . b .m .  of spruce along the Slave River ,  a.dJnitting 

that as a commercial product it lacked a ready market . Hm·rever, much 

local lumber was used in the construction of Inuvik, and larger demands 

c ould be placed upon timber resources in any scheme to build major railroads 

· or pipelines in the north to transport minerals and petrolewn products . 

At the t:iJne of LaH ' s  study, trapping was the important source of 

income for the people of Fort Resolution . Aquati c  furs such as beaver, 

mink and nruskrats represented a major portion of the catch, vrith muskrats 
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sales varying from a high of 75 , 000 pelts , to as few as 5 , 000 . Although 

trapping generally has declined in importance since 1950 it still 

represents an alternative to welfare subsistence for people without wage 

employment . It still has a place in northern communities . 

Mackenzie River Delta 

Just as the Mackenzie River is the longest in Canada so is its 

delta the largest , If one considers the outer islands as forming a 

part of the delta then the total area is 4, 700 square miles . Probably no 

area in northern Canada has received so :nuch study as the Hackenzie Delta, 

considering that continuous European residence there dates only from the 

establishment of the fur trading post at Ft , t1cPherson in .1872 . Aklavik 

was established in 1924 and Inuvik in 1961 .  A recent bibliography of the 

delta by Jones (1969 ) runs to 478 titles and like all such publications 

it already is out of date . Aside from the fur trade, which has vraxed 

and "raned over the years, there have been specific events of ne'l'i"S that 

have focussed attention on the region, and may thus have contributed to 

the increase in research activity there . A few might be mentioned :  the 

gold rush of H�98 l'fhich brought people to the delta enroute to the Yukon, 

the Stefansson-Anderson viestern arctic expedition of 1908-1911, the hunt 

for the 11mad trapper11 Johnson on the Rat River in 1931, the esLablishrnent 

of a government reindeer herd in 1935 , the establishment of a Loran 

navigational station in 1947 and construction of the Distant Early v/arning 

line in the 1950 ' s .  Those and other events are outlL�ed in publications 

by Bissett (1967 ) ,  Eackay (1963 ) and many others .  There noH is a northern 

research laboratory at the new tmvn of Inuvik, a settlement that has become 

•.· 
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increasingly importar.1t to the exploration activities of oil companies . 

The waters of the Liard and Mackenzie Rivers j oin at Ft . Simpson 

and with additional flows fro:n minor distributaries spread out at 

Point Separation into a vast delta that is a maze of channels, lakes ,  

islands, and marshes . Because of the rich alluvial deposits, and 

because of the ameliorating influence· of the river in an otherwise severe 

climate,  the upper tl·ro-thirds of the delta is clothed by white spruce 

and balsam poplar. The vJhole of the delta however is overgrm-m to the 

Arctic Ocean with willows and alder, in association -vdth numerous heath 

species and aquatic plants. Porsild (1943, 1955, 1957) Cody (1965 ) and 

Hulten (1968) have all provided authoritative information about the 

botany, and additional work has been done by others . Hackay (1963 ) 

has provided an excellent account of the physical geography of the delta 

and its vicinity and his studies have formed the basis for additional 

work by such of his students as Stager ( 1956 },  and Gill ( 197la) . 

}fackay (1963) stated that the grm·Jth of vThite spruce is confined 

to the levees along the delta channels . �'.There the elevation of suc:h 

levees is less than 10 feet above lmv \·later, spruce do not find conditions 

suitable . In the upper half of the delta the floodplains are 20-30 feet 

above lovJ water but levees a.s such are lower , All of the delta is subject 

to flooding and the amount of silt laid dm-m during especially high v-rater 

levels can be of the order of several feet, though usually it is less. 

Ice j ams at break-up in spring are partially to bl�te for the unusually 

high -v.ater levels . Henoch ( 1960 ) observed that maximum flood heights 

of 20 feet had been ob'served on the Peel Channel in the upper delta,  

grading to  22  feet on the Husky Channel near Al-:lavik and 8-12 feet in 
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the lmver delta.  The flood waters are distributed more effectively by the \ 
many channels near the ocean, and the lal<es have lower shorelines .  

Mackay differentiated 5 kinds of lakes in the Mackenzie Delta, but 

categorized 90 per cent of them as floodplain la�es , Such lakes were 

formed behind channel levees , Because levee deposition went on more 

quickly than infilling of the adjacent lakes ,  the floodplain lakes could 

become fairly deep, most having connections to the channels ,  but others 

having none . The incidence of such lakes in the Nackenzie Delta must 

be seen to be appreciated , Heasurements by Hackay shm·red that 30 to 

50 per cent of the surface of the delta .viaS comprised of lakes , 

Although the process of channel shifting appears to be rapid, 

being accomplished not only by flood waters but also by tre melting 

of permafrost in the banks , observations by Giddings (1947) showed that 

spruce trees could grow to 300 to 500 years of age , Stands of 200-300 

years · an both sides of a channel attest to the age of some of the waterHays . 

Deposition of sediment may be largely local, with the material deposited 

on point bars being carried from the upstream side of the meander curve , 

This requires high \vater levels to accomplish because for most of the 

ice-free period the sediment load of the Hackenzie River is reasonably lovr. 

'Iha a.c:m.tic habitats of the Mackenzie Delta are the most productive " . 

areas for vdld life . Although the region lies one hundred and fifty miles 

north of the polar circle the climate is such that species of animals occur 

·there that could not persist at those latitudes \•rere it not for the 

protection they received from the \·rater in vrhich they live . As already 

stated, coniferous trees and hard1·rood trees like poplar also are able to 

flourish vrithin the deep incursion of temperate conditions represented by 

I 
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the Mackenzie Valley, 

Two aquatic fur species will be dealt rlith in detail to indicate 

hovr they are dependent for their existence on particular components of 

their habitat, and heM their numbers Hould be seriously reduced if con-

ditions changed appreciably , These two species are the northvrestern 

muskrat ( Ondatra zibethicus §.I@.tulatus ) and the northern beaver (Castor 

canadensis ) . 

Nuskrats :  Preble (1908) noted on his descent of  the Hackenzie River 

that muskrats were excessively abundant on the lm-1er reaches of that river 

and .the Arctic Red River . Thousands were traded at that time at Ft . 

NcPherson and the Eskimos vrere very skillful in taking them v.rith thrmving 

darts a..'Yld bows a11d arro>vs , Anderson (1937) said that the best muskrat 

areas in the Northwest Territories rrere the Slave Delta and Hackenzie 

Delta, and that their furs formed an important component of the fur trade 

in those district s ,  Porsild (1945) was able t o  make more extensive 

observations in the delta during the time he was resident at the Reindeer 

Station between 1927 and 1935 . His observations formed the background for 

later studies by Banfield (19h6) , Cm•ran (1947) and Stevens (1953 , 1955) . 

During Porsild' s  stay in the area the local people had few other sources 

· of income, so trapping >vas a major occupation r1ith them . -:*" Muskrats 

represented not only a cash ii1come but , toeether with the returning 

waterfmvl, a very important food item at a tiMe of year vlhen everyone was 

heartily sick of subsisting on snovrshoe hare s ,  lor a long time the delta 

people have made excellent parkas from muskrat skins and more recently their 

experience has been turned to corrmercial use rrith the eGtablishment of a 

-::- In 191�5-4.6 sales vrcre 344, 000 pelts vrhen the average price vras nearly 
�>3 . 00 ;  by contrast, in 1968-69 sales of muskrats pelts in the Nackenzie 
Delta vtere 221, 000 ; avera.gc price about $1.00 . 

I I 
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fur garment industry at Inuvik and Tuktoyaktuk . 

Pors:Lld observed that the distribution of muskrats v1as closely 

tied to food supply, and that only lakes 1dth abundant aquatic vegetation 

and depths of over 12 feet of water could support muskrats over winter . 

Subsequent studies by Stevens (1955 ) confirmed the need for a plentiful 

food supply but demonstrated that a lesser �<ra.ter depth was required 

because for most years ice depths on delta lakes c orrelated inversely 

>vith snow cover, and seldom exceeded three feet . Enough \•rater had to be 

available beneath the ice to allmv the muskrats to move about and to 

protect their food supply from freezing . _  If the Hater in lakes was too 

shallm·r, the muskrats v1ere either forced out , starved, or had a very thin 

time of it over vrint e r .  Rodents are extremely adaptable and tenacious 

but some of the miserable specilnens trapped from shallmv lakes by trappers 

during April and May shm-TCd the effects of a poor winter environment . 

Such muskrats vrere called 11 paper rats11 by the local people because their 

pelts 'vere so thin and unde r-prime as to be unsaleable . 

Stevens (1953) sugge sted that ideal water depths for muskrats were 

in the r ange of 6 to 10 feet in late sun�er . He found that portions of 

lakes deeper than 10 feet did not produce enough of the preferred plant 

foods to support muskrats during ,.linter . Because most of the lakes 

froze over in October and did not thavf until June (8 months ) the wint er 

food supply represented the critical factor in muskrat survival . All 

muskrats lived in bank dens and constructed small feeding lodges on the 

ice , Those feeding lodge s ,  called push-ups vrere used as a sanctuary 

\'rhere the animals c ould feed on the stems and roots of submerged plant s 

that they had retrieved from the lake bottom . Those plant s included several 

'·· 
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species of pond-1·1eeds (Pot�ogeton ) ,  water-rnilfoil (Myriophyllum exalbescens ) ,  

\'-lith lesser amounts of duckweeds ( Lcmna) and "rater arum ( Calla) . 

Food plants used in sununer v1ere in part a reflection of availability, 

and in part a matter of preference. By far the greatest use was made of 

lakeside stands of horsetail (Eaui�tum fluviatile) that flourished in all 

alluvial situations , and was one of the earliest species available to muskrats , 

Sedges ( Carex), water oats (Arctophila fulva) and bur reed (Sparganium 

f!yperboret®) also constituted important items of summer diet . 

Cowan (1948) noted that in lakes that flooded regularly an alluvial 

type of plant succession occurred , Pond-weeds and water-milfoil were 

c·o-dorninants in deeper -vmter and bur reed , horsetail and "rater oats grew 

in shoal areas . In lakes that did not flood the shorelines were sparsely 

vegetated, Hith Carex aquatilis being most abundant in sha�lov1 areas , and 

bog species such as marestail (Hippurus ) ,  buckbean (Heny.§flthes) and water 

arum ( Calla) replacing the pond-l·reecls and duckv:eeds in deeper Hater . 

Studies by Stevens ( 1955 )  and Hawley (1970) have shown the unflooded 

lakes to be less productive of muskrat.s than the alluvial lakes . There 

are several reasons, but the chief ones are that the former provide less food 

in summer and vd.nter, break-up later in the spring, and because of their 

s teep banks, are less preferred for the tunnelling that is entailed in 

muskrat den construction , 

Gill (197la) has shovm that the most abundant species of horsetail 

(Eguisetl.un fluviatile) groNS only on silty loam or loamy soils and 

that those soils a.re produced by current sorting of the .sediment load . 



Such soils are to be found most corunonly behind point bars on shifting 

channels,  and beyond channel levees in flooded lruces .  Two factors 

27 

favoring the grO\•rth of horsetails are their requirement for an alkaline 

soil, and their marked ability to survive burial by alluvium. 

The Hackenzie Delta is the most northerly area of muskrat abundance 

in Canada . Stevens (1955 ) found that the animals vrere physiologically 

capable of breeding in spring almost a month before the ice cover >vas 

removed by the floods of late May. As a consequence , only one litter of 

young was produced by most females,  although older animals which had bred 

the· previous year might produce tvro litters . Delay in brea.k-up by decreased 

water flO\vs of the Mackenzie River or by cold and overcast weather could 

delay the breeding season, and perhaps eliminate the second litter . It 

1..;as also found that young muskrats from late litters had a lower survival 

rat e ,  and that any animals vmighing less than 300 gm .  in September 

probably did not survive until spring . 

Buckley (1954 ) noted that lmv fall vrater levels in Alaska provided 

less initial habitat and thus crovrded more muskrat together to subsist on 

a reduced food supply over w�nter . Stevens (1953 ) observed that a late 

break-up of the Mackenzie River and the associated delta la�es reduced 

the availability of muskrats to the local trappers, who shoot most of 

their muskrats after open -vrater appears . 

Gill (197lb) has postulated that spring floods remove the ice 

cover from lokes and channels in the Hackenzie Delta and provide a 

flush of warm -vrater.  which removes the sno-...r and rapidly reduces the albedo 

of the vrhole delta, allm·ring it to warm up quickly. Anyone \·mo has 
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experienced the phenomenon realizes the dramatic changes that take place 

at break-up of the winter ice . Gill postulated rather dire c onsequences 

to the delta if \-rater c ontrol structures should delay the rush of the 

spring floods . He c oncluded that : 

1 .  The Delt a ' s mesoclimate during spring and early 

summer would be cooler . 

2 .  Soil temperatures in the delta 1:rould be lowered . 

3 .  Permafrost conditions vlOuld spread over a larger area. 

4 .  Plants v1hich tolerate cold, vret and acidic soil 

c onditions would succeed the mesophytic species 

that novr dominate . 

5 .  Vlildlife species such as vmterfovil , beaver and muskr.:-.ts 

would lose much of their preferred habitat s .  

Plant succession as described by Gill proceeds from horsetails and 

willows (Salix alaxensis_) on nevi point bars, through alders (Alnus crispa ) 

to balsam poplar ( Populus balsamifera) and eventually white spruce 

(Picea glauca ) . Because succession of \-TOody plants is especially important 

to beaver s ,  it will be referred to in the follm·dng section. 

Beavers : During the period that he vias in the }·�ackenzie Delta area 

(1927-1935) Porsild (19/+5 ) saw fe,,l beavers , despite the fact that the 

species was being given rigid protection . He postulated that eventually 

the region should be able to support a fairly large population of beaver, 

and that situation has c ome about . Studies by Havrley (1968) suggested 

that there viere bet\'leen l, 600 and 2, 000 c olofl..i.es of beaver in the delta 

and a yearly trapping quota of 4, 000 andJ�als has been allowe d .  I n  1968 
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there '\olrere 907 beaver taken from the delta and in 1969 there rrere 

1, 181, at an average return of $13 per pelt . l·1ost of the animals taken 

were shot after break-up because few people understood hovr to trap them, 

and as a consequence , the dollar return was lov1er than it might have been 

othervrise • 

Aleksiuk ( 1968) studied the energy requirements of beavers fr?m 

the Eackenzie Delta . He found that their food consisted of "r.Lllovr, popla.r 

and alder in that orde r .  \"lillmv predominated because o f  its abundance in 

the habitat, but poplar was heavily utilized where it wa.s available . 

Gill ( 197lc) stated that the coarse-grained deposits on point bars in the 

delta have a lower water content and a higher soLl temperature than other 

deltaic surfaces ,  and that nearly every point bar is colonized by a 

distinct ecosystem dominated by balsam poplar. Behind the point bars are 

current-initiated meander scroll depressions, usually much grovm up to 

vrillow and alder . Those sites are colonized by beavers '"'hich dam up the 

outlet, construct a lodge , and use the available poplar and vrillm·r for 

food . The colony persists until food supplies dvrindle, after which it 

finds a nev.r meander scroll depression . 

Although Ha1·1ley believed that the available habitats in the delta 

•·mre becoming fully utilized by beavers, the creation of neH habitats by 

yearly flood� and a realistic trapping program to prevent over-population 

should maintain a valuable source of income for the local people . The 

important variable in the life equation that produces beavers at these 

latitudes is the continued rene>·ral of their primary habitat by river 

flooding . 

'·: 
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Haterfm·rl : The many species of vrild fm·Tl that migrate yearly to 

the arctic regions do so in order to rear their young and certainly some 

of the largest and most diverse habitats for migratory •·raterfm·rl are the 

deltas of the l·:ackenzie River drainage . Smith (1964) considered the large 

northern deltas of Canada especially productive for waterfowl at t�es 

vThen more sout herly regions suffered lessened habitat because of drought . 

Porsild (1935 ) provided some of the first quantitative assessments of the 

value of Hackenzie Delta as a breeding ground for waterfm·.rl. He also 

noted the value of the delta as a resting and feeding area for geese 

and swans enroute to and from more northerly breeding grounds . To one 

•·rho has been in the delta, there is no more oustanding harbinger of 

swnmer than the seemingly endless skeins of vlhistling svrans aga.inst a 

cloudless sky. 

Cov1an (1948) found that the number of 1·1aterfm·rl had decreased 

markedly from the period fifteen years earlier that Porsild had described . 

The follovring year (1948) the U. S .  Fish anci \'lildlife Service extended its 

breeding ground surveys to the delta region and for the first time factual 

counts on aerial transects gave data for assessing breeding suceess of 

the migrant waterfowl. Those counts have been continued since that date 

and form a valuable record of vm.terfm·rl populations and their dependence 

upon the far northern breeding grounds. Smith (1961+) reported that 

aerial surveys revealed breeding populations as high as 335 thousand 

ducks in the Hackenzie Delta, Hith addit:ional n2.sting colonies of snm·r geese 

and v1histling sHans. One snoi'f goose colony nou is protected from disturbance 

b:/ the Kendall Isl<'.nd migratory bird sanctuary at the foot of the delta .  

Ducks resort to the delta beca.use of the rich food supply represented by 

r 
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an abundant insect fauna for the yolmg and high energy foods like the 

pond-weeds for the adults ,  Concentrations of birds in migration are to 

be found on the mudflats and river bars or in the lruces vuth preferred 

foods.  As  pointed out previously, those foods flourish only in lakes which 

flood periodically and possess an alluvial basin. There is no doubt that 

changes in plant succession caused by reduced "rater floHs would hasten the 

growth of •villows on the mud banks and spruce on the levees, with the 

result that food and habitat would be reduced for the migrant species . 

For many species of waterfo,.Tl that breed in the delta, especially the 

ducks, a change in lake chemistry from �utrophic to dystrophic conditions 

vrould make lake habitat much less appealine; , It ivould however, favour 

species such as loons and grebes , 

Other Species: As Gill (197lb) mentioned, alteration in riverine 

flm·r rates could benefit some vrild. life species such as lynx, foxes and 

moose; but it ivould not be of benefit to muskrats and bea.vers .  Nor 

would it benefit the mime, an important fur resource, that depends for 

its food upon muskre1.ts, meado1•r voles a..nd fish, as studies by Burns (1964) 

in the Yukon Delta of Alaska. have shown. 1'-:iink are one of the more important 

fur resources of the lt.ackenzie District and 2 ,  64 7 \·rere . shippsd. as fll! from 

the delta in 1969-70. The habitat and food of mink are found on laJce 

shores, most often associated with the early successional sere comprised 

of horsetails, carices and grasses , Their dens are usually dug under the 

root systems of vrilloHs i'lhere there is a deeper active permafrost layer 

than under: spruce cover . l-1aturing of the vegetational complex vwuld be 

to the disadvantage of mink, because fe;,·r animals are to be found aHay 
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from the active river channels .  

Hoose and hares depend for their •·Tinter food upon 1-Tillow hligs, and 

inasmuch as the lower third of the J.iackenzie Delta c ontains vast willovr 

flat s ,  they find conditions there especially suitable . Hares however ,  

exhibit cyclic populations and vihen they are numerous they strip the bark 

from 1-rillo1>rs over large areas . Historically they were the staple 1vinter 

food for the Indian corr.munities along the Nackenzie River system, and 

that dependence is expressed in the naming of the Hare Indians of the 

Ft . Good Hope region . Moose and hares are abundant on floodplains of 

the Mackenzie River but find suitable h�bitat elsewhere, especially in 

the mixed forest that grovrs up folloviing fires . 

Additional Considerations : Because the Hackenzie Delta lies 1·rithin 

the arctic circle, climatic limitat ions for many life forms are especially 

critical , Wellstead (1968) in addressing the 19th Alaska Science Conference 

surrunaiized the observations made by Robinson (1967 ) in part as follovrs : 

1 .  The establishment and maintenance of spruce stands on the 

alluvial flats appears to requ,ire periodic flooding . It 

is probably necessary to have a severe flood t o  provide a 

good seed bed, foll01ved by a good seed year . 

2 .  Because decay of surface litter is very slov.r and bacterial 

action is limited by the cool northern climate, it is 

quite likely that most northern soils lack nutrients in 

available forms . 

3 .  ·The key to northern forestry may be the establishment of 

mixed forests because hardwood litter may help to prevent 



moss development ( vrhich raises permafrost levels ) and 

vnll also provide necessary nutrients to the soil . 
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In regard to the first point Hikola (1970 ) spoke of the difficulty 

of obtaining a sufficient seed fall in northern forests of Europe and 

says that :  

11Since the maturing of seed depends only on summer 

temperatures , the continuous existence of forests in 

the northern timber-line region is deternd.ned by hmv 

often summers recur \•Thich are sufficiently Harm for 

seeds to reach maturity. Consequently even slight 

climatic fluctuations ma.y cause an advance or retreat 

of the forest limit . 11 

Although this matter has not been investigated in northern 

Canada, the effects of cooling of the mesoclimate by water control structures 

such as Gill (19?lb ) spoke of, must be considered . 

Also of particular importance in Wellstead' s  second statement is 

the need for severe flooding . A complete inundation \-.rith the deposit of 

alluvium, the dilution of acidic org�nic compounds and the filling of 

perched basins is required to maintain- the fertility of floodplains and 

prevent the establishment of muskeg conditions . 

Mixed forests may be established follm-.fing harvesting or burning, 

but the route by way of natural succession is the most usual one in 

northern regions . In as mueh as trees of merchantable dimensions are 

confined to floodplains in the Hackenzie lm·J1ands ,  the value of the latter 

method of maintaining mixed stands becomes apparent . '·:· 
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To anyone who has lived along the Hackenzie waterway one of the 

most dramati c natural phenomena is !lbreak-up11 ; the flushing out of the 

vr.i.nter ice cover . Although many people have \•Jatched the process it has 

been only recently that someone has studied it in any detail. Henoch 

( 1960) made observations of the interaction of the Mackenzie and Peel 

Rivers at break-up. He noted that the height and extent of flooding is 

related to the spring break-up of river ice; rather than to precipitation, 

and that ice jams are important in producing high flood levels. A 

peculiarity of the arctic flovTing rivers is that their head,·raters and 

tributaries break ·up first � and tl1is accumulated flm·T raises the river 

ice dmmstream and flushes it seauard almost a month before the ad jacent 

lakes are free of ice.  Hackay ( 1963 ) and Abrahamsson ( 1966 )  have re corded 

the progress of break-up of the Nackenzie River system, noting that the 

process i_nvolves nearly a month in time from the head·vraters to the Arctic 

Ocea.n. Because Great Slave Lake represents a sump of cold \·later in spring 

the real input of energy into the system must come from the Liard River vrhich 

riot only contributes as much l·Tater at that time of year , but also contributes 

water at a higher temperature (Mackay 1970) .  One conclusion that may be dra1m 

from that phenolilenon is that the Liard River controls the date of break-up 

in the :t.iackenzie River and any significant alteration in its floH pattern , 

. such as by damming or diversion , could seriously alter the climate of the 

Hackenzie Delta . The extent of that alteration should be predictable , follm·Ting 

adequate hydrological studie s .  The northern ecosystem i s  in delicate balance \vith 

the physical components of climate and topography , and the quicJ(est \·Tay 

to upset that system is to seriously alter tho se components . . The major 

rivers represent· an infusion of energy into a climatic r egion that does 

• 
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not capture and store much energy , If vre purposely go about changing 

that energy flow lie must be m·rare of the consequences, and the costs . 

The Peace-Athabasca Delta 

There has been a good deal vrritten about the Peace-Athabasca Delta 

within the last year or two . A public symposium vras held in Edmonton in 

January 1971 to discuss some of the problems associated with lm-rered water 

levels in the area subsequent to storage of some of the Peace River ·Haters 

in Lake Williston behind the \'l , A , C ,  Bennett dam in order to turn the 

generators of the Gordon Shrum pov1er station . The proceedings of that 

symposium have been published. 

The curious hydrological relationship existing bet.ween the Peace 

River and the Athabasca River at the delta vras knm·m long ago,. Prof , J .  

Hacoun Has in the area as early as 1875, and presented as evidence before 

a Senate Committee considering the Great Kackenzie Basin the follovr:i.ng 

observations (page 37) : 

"the Peace River proper does not enter Lake Athabasca, but 

a large river about 100 yards wide or more, called the Quatre 

Fourches ,  connecting the Peace River,  does , In spring of the 

year, Hhen the Peace is high, the vrater runs out of it via the 

Quatre Fourches into Lake Athabasca, but when the \vater is low, 

the flovr is from Lake Athabasca, via the Grand Fourches into 

the Peace River ,  There would be no difficulty in a steamboat 

passing from the Peace to Lake Athabasca via the Quatre Fourches , 

The real mouth of the Peace is a.bout tvrenty-five miles belo1,r, 

where it falls into the Slave River .  For 200 miles from its 
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mouth the Peace is a mighty river, 1 , 000 yards vride,  with 

no bars • 11 

The history of Ft , Chipei'JYan on Atha.basca Lake is presented by 

Fuller and LaRoi (1971) and vrill not be enlarged upon here, except to say 

that the settlement is probably the oldest one in Alberta, dating from 

1788 . As an outpost of trade and civilization during its early years it 

became well known and numerous expeditions passed through it, including 

Alexander r1.iackenzie t s and J ohn Franklin' s .  

Hacoun ( op . cit , p .  40) noted that : 

11There is an abundance of timber in the vicinity of Fort 

Chipe1zyan on Lake Athabasca, There are as fine spruce in 

the Athaba.sca Delta as are to be found in any part of the 

Northvrest , I have measured trees on the Embarras River that 

ivere two feet and a half in diameter and very tall . On the 

Peace River, likevrise,  especially on islands, there are many 

large groves of spruce and poplar, v1hich attain extraordinary 

djJnensions . 1 1  

He made other useful observations about the biology of the area as 

did Preble (1908 ) ,  but it was not until Y.Jood Buffalo l'�ational Park was 

established in 1922 that more serious investigations 'dere undertaken, by 

Raup (1933, 1935, 1946) and Soper (1941, 1942) , Since 1947 the federal 

goverrunent has maintained a. biologist at Ft . Smith, the headquarters for 

Wood Buffalo National Park , and studies by Fuller (1951, 1966) and others 

have been published . In 1967 NovakovlSki prepar'3d a report of the a.ntici-
. 

pated ecological effects on the delta follm·.ri.ne damming of the Peace River . 
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His conclusions anticipated most of the ecological changes later investigated 

by Dirschl (1970) , Fuller and LaRoi (1971) and Dabbs (1971) . Additional 

field ·Hork ,,ras conducted in the summer of 1970 by J.lcCourt , and continued 

over -vlinter by E .  Kuyt, , the resident biologist at Ft . Smith, in order to 

establish the distribution and food requirements of bison . Because the 

amount of information about the Pea.ce-Athabasca Delta region is becoming 

voluminous only summary information \,fill be provided here, >dth the 

expectation that the original sources -vrill be referred to for more details . 

Some preliminary forest surveys -vrere conducted along the lo"\'rer Peace 

River in the late 1940 ' s  which disclosed very significant stands of "\'rhite 

spruce saw-timber on the floodplains . Perhaps because the Peace River 

ran through Wood Buffalo National Park those stands had .been sancrosanct 

in the past, but during the expansionist era after the war the decision 

was made to allmv sa."\'IIDills to become established . Lacate, Horton and 

Blyth (1958) studied forest succession and forest yield on the islands and 

adjacent terraces along the Peace River.  Highest productivity '\vas fow1d 

on the alluvial floodplains with progressively less Umber volume as one 

progressed avmy from the river.  Decrease in productivity Has related 

first to soil moisture conditions and secondly to the build up of a 

moss layer on the soil surface . Moss, acting as an insulating blanket, 

allowed the rise of permafrost under spruce cover, thus inhibiting tree 

growth and reproduction. Wage (1964) later demonstrated that most spruce 

seedlings \vere dependent upon fresh alluvial deposits or decaying "\'rood 

for their establishment . 

Jeffrey (1961) also had been in the lm·rer Peace River area and 

his conclusions about forest successi on agreed vrith Ra.up' s  (1946) , namely, 
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that the forest was established through a vegetative progression, starting 

vrith willovrs on channel point bars progressing through a balsam poplar-

alder forest to \·rhi te spruce-balsam poplar forest and finally to ,,rhite 

spruce forest . Lacate and his associates had suggested that fire and 

windthrov1 vrere instrumental in sculpturing the forest complex once it 

h ad become established . Fire \·ras most frequent on the older river 

terraces and produced relatively even-aged stands . 

Later Jeffrey (1964) extended his investigations to the Liard 

River valley and postulated the same route of forest establishment there , 

commencing 1-Tith a riparian shrub component follm·;ed eventually by an 

uneven-aged mature >·rhit.e spruce forest, unless fire had intervened in the 

proce
.
s s .  

A s  has been stated previously, point bars on rivers are laid down 

during periods of high flovr, so 1-;e must conclude that >·rithout floods there 

vmuld be a gradual senility of the riparian forests, the only ones that 

perpetuate themselves 1·rithout the intercession of fires , 

Although the operating schedul0 of the vl . A .  C ,  Bennett darn has not 

been divulged, it is reasonable to suppose that it vrill be operated entirely 

for electrical power generation, as was its original intention . That vrill 

mean that the crests Hill be taken off the Peace River floods to the extent 

of about 120, 000 cfs ( Coulson 1970) . At Peace Point that l.fill decrease 

maxDnum stage levels by 6 to 12 feet, according to Coulson ' s  1962 report . 

It also vrill help to elinunate the profound channel flooding that carves 

meanders,  deposits point bars, lays dmm levees and forms nevi habitat . 

The proposals being evaluated by the Saskatche\·ran-Nclson Basin Board, to 

I 
l I 

i 
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remove an additional 20, 000 cfs by diversion, will serve to aggravate the 

problem even more. Hater vrill have to be stored in order to be diverted 

and that adds a ne1v dimension in time and flmv rat e s .  Average flow 

rates at each g auging station mean little in ecological terms, The 

existing environment of northern river basins and associated vrild life 

has developed in response to rather ma�ked fluctuations about a mean, 

and unless such fluctuations can continue , there •·rill be rapid and 

profound changes, as has been demonstrated in the Peace-Athabasca Delta 

since 196? . 

The result of the Bennett dam has . been to effectively isolate the 

Peace-Athabasca Delta from the periodic inflows of the Peace River that 

J ohn 1-i:acoun, and many people since that time , have remark�d upon , Coulson 

and Adamcyk (1969) have stated tha.t once the Gordon Shrum pmver station 
I 

is in full operation, the overall effects (to the Peace River systen) 

promise to be beneficial because of reductions. in flood peaks and increases 

in low flmvs , As previously stated, this v'iev.r is questionable from the 

environmental point of vie1·1, 

The vegetational coffiplex in the Peace-Athabasca Delta has been 

structured in response to soil types and vrat er levels. Although the 

climatic conditions are severe at those latitudes the overriding consider-

ation in maintaining an early successional stage of plant grovrth ha.s been 

the periodic infloH by silt laden flood waters from the Athabasca and 

Peace H.ivers. As Fuller and LaRoi (1971) have pointed out ,  the biological 

resources · of the area are the result of tvro opposing forces. The first 

is the tendency for aquatic plant coirJnunities to build tm·1ard terrestrial 
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corrnnunities by filling in habitat vr.i.th organic material as water levels 

decrease through drainage and evaporation, Opposing that ageing tendency 

is the fact of periodic spring flooding •·rhich pushes plant associations 

back tm•rard early successional· stages .  \Vithout such a rejuvenating process ,  

the eventual plant association would be  mature forest and muskeg . 

Dirschl ( 1970) defined several broad landform-vegetation categories 

for the delta corrunencing 1·r.i. th open >vater, and progressing through mudflats 

to fen, shrub and forest . Through air surveys and ground comparisons 

Dabbs (1971) vms able to define those catogories more critically and to 

designate the plant species grov.ring '.vi thin each one . He produced detailed 

maps of the vegetational complex and developed methods of aerial photography 

whereby those maps could be revised as the composition of plant communities 

changed , He has defined the short term trends and the long term trends 

in vegetational changes , using for background the pioneer work by naup (1946) . 

The short term changes, as might be expected, have been in direct 

response to lmvered \-.rater levels and the general drying out of the habitat . 

Land once under Hater has become mudflats and has been colonized by 

pioneer species such as spikerush (J.Ueocharis ) , ragvrort (Senecio) and sedges 

( Carex) , with a rapid influx of v1illow seedlings after the first year . 

Areas of wet fen, that previously Here grovm to sedges (.Q.  �:therodes ) 

are being replaced by recdr;rass ( Cal_8magrosU& s;anaclensis ) . Long term 

trends more often reflected changes iE landfolYt such as the silting in of 

backsvramps and the building of levees . Ea.11y of the 10\·..r-lying areas rr:apped 

by Raup ar:
i 

fens of Carex atherocl�..§. in 1930 havo been invaded by reedgrass 

and lo'l'r vrlllmvs . It \vas significant that the 1·r.lllm·1S came to dominate 
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nearly half of Raup' s map area from vrhich they previously had been absent , 

Dabbs also identified several categories of aquatic habitat that 

would be affected by lowered water levels , La.l<es and ponds vrith unrestricted 

outflow to channels vrould go dry in response to the significantly lower 

water levels in the delt a .  Lake Hamawi i s  such a lake , iva.ter bodies vrith 

restricted outflow, 1..fhich represent the majority of the backsvmmp areas, 

vwuld usually be flooded in spring but vrould drain out only partially 

because of their protecting marginal levees . Their permanence, their 

vegetational complex and their use by wildlife would depend upon the depth 

and frequency of flood vraters they received. Because the delta is a very 

flat area, hro or three feet less vrater can make a tre1nendous difference 

in the amount of land surface exposed . Dirschl (19?1) measurecl on air 

photographs the areas of eight of the larger delta lakes . He found that 

their water areas had decreased by 5 5  per cent between 1955 and 1970 . 

The effects of changes in the vegetational c omplex upon wildlife 

still are under active study, and will be reported through the aegis of 

the delta task force , The observations provided below, while tentative , 

are based upon field research already conducted to this time . Results 

will be reported in condensed form in order to form a general picture of 

what has occurred since 1968 . 

Bison: All the bison in the Peace-Athabasca Delta are in the 

Wood Buffalo Park portion thereof . Novako.,.,rski (1967) reported 7 ,  000 to 

8, 500 to be present south of the Peace River, with 3 , 000 to 4, 500 animals 

using the area in winter . He estimated that 24 square miles of the area 

behreen Lake Claire and the Ern.barras River was at that time in gras sland 

.... 
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comprised of reedgrass with some Scolochloa and Beckmannia, and that an 

additiona) 262 square miles of such habitat could be formed if the vrater 

table \vas lowered , Such grassland habitat would develop at the expense 

of the more aquatic sedges Carex rostrata, .Q. aguatilis and Q. atherodes . 

HcCourt (1970) made detailed observations of bison feeding areas 

on the northeast side of Lru<e Claire during July and August of that year . 

He also recorded the numbers of bison to be found in the delta are a .  His 

conclusion was that a•med sedge (.Q, atherodes ) vras the preferred su;T.mer 

food of the bison and that it made up nearly 90 per cent of their diet , 

Raup (1933) gave higher status to reedgrasses in the bison ' s  diet ,  but 

listed the green vlinter buds of avmed sedge with their rich store of 

nutrient , as one of the most li.tlportant elements in the winter fooct . It 

is probable that reedgrass represents an �nportant early summer food but 

there is no doubt that it becomes too rank and coarse to add much to the 

winter diet , 

McCourt counted as many as 6, 500 bison ( calves excepted) in the 

delta area during the summe r ,  The counts vlere continued throughout the 

vrinter by Kuyt (1971) who found some shift of population southHard and 

eastward after freeze-up . His greatest count Has 8, 275 animals , vrhich is 

in agreement vrith Novakm·lSki t s  (1967 ) e stimate of 7, 000-8, 500 animals . 

One is tempted to state that the population is remaining more or less 

static, but it is kno1m that there is some seasonal movement north and 

south across the Peace River so such a statement might not be valid . 

Novakowski (1971 ) estimated that the carrying capacity of the delta in 
' 

the mid 1960' s  to be about 19, 000 animals , based upon conditions to be 

'·: 



encountered then . Pringle (1971 ) ,  upon prelimina.ry examination of the 

area under late winter conditions , thought the carrying capacity to be 

nearer 30, 000 bison . His data -vrill be further analysed, but under the 

current conditions in the delta there seems to be no inmediate dearth 
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of year-long range . That. situation could change rapidly, depending upon 

the rate of drying of the sedge meadows and their replacement by willows 

and reedgras s .  Continuation of the present \•Tater regime in the Peace­

Athabasca Delta will achieve that result, and further draH-dmm by water 

diversion will hasten the proces s .  

Waterfmd: The Peace-Athabasca Delta has for long been renmmed 

for the myriads of waterfovrl that pass through on their spring and fall 

migrations, and for the significant numbers that stay to rear their young 

and to moult their flight feathers . Soper (1934) v•as obviously impressed 

by the numbers of ducks, geese and other vlild fowl that he savr there in 

1933 . He ventured the opinion however, that because of drought on the 

prairies many waterfm·rl were seeking the better vratered areas of the 

north in the Thirties . Smith (1964) , after long association with ivatcrfmvl 

surveys in the North, was able to corroborate and quantify Soper t s  

opinion . He found a quarter of a million ducks on the delta marshes in 

1961, a year of drought on the prairies, but only 84 thousand in 1955 

when more southerly areas were \vet . 

Whereas the delta normally has its greatest value as a feeding and 

resting area for migrant ivaterfo\'ll, it also supports a. fairly large 

breeding population . The size of that population in any year is dependent 

not only upon vrater conditions in the prairies ,  but also upon the absolute 
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numbers of ducks that survive to nest in Canada. Nieman (1971) has provided 

information from the hro years he studied the nesting success of mallard 

and canvasback ducks in the marshes of the Peace-Athabasca Delta.  He 

recorded an increase of breeding ducks in 1970 over the previous year, but 

was unable to account for that change . 

Information about breeding habitat proved most interesting . Both 

diving ducks ( canvasbacks ) and dabbling ducks (mallards ) were found Hith 

their broods most frequently on '.rater bodies that flooded in spring, but 

which had no egress thereafter . The deeper river channels and water courses 

also shoHed heavier use than normal . These observations were set forth 

by Nieman and Dirschl (1971) in a statement to the delta task force . The 

general trend was for breeding wc:>.ter fov!l to be concentrated in those 

portions of the delta unaffected by the current low waters in the large 

lake basins , Birds v<hich had not nested in such permanent habitat later 

moved into it vrith their broods . 

l-l:oulting vraterfowl increased in numbers by 25 per cent from 1969 

to 1970 and were found most frequently in the deep stable ponds and 

channels containing adequate emergent vegetation for escape cover during 

the flightless period .  Moulting birds no longer Here found on the 

m.unerous lakes and streams which became very shallml or dried up during 

1970. 

In the autumn the number of migrants using the Peace-Athabasca Delta 

area decreased by half , as compared ,,rith 1969 . \'leather conditions could 

}}ave been partly responsible for the decreaseC. use, but on the other hand , 

the delta may have offered a less attractive milieu to the mgrants and 

l w 

r . 
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they went else-vrhere . 

Two observations are relevant here . Although the use by migratory 

waterfowl decreased, the breeding and moulting populations shov-1ed an increase . 

In as much as the latter sought out ·Hater bodies of a permanent nature ,  the 

drying of the large lakes did not prevent them from staying in the area. 

The useful water· bodies were the 1 1perchedll basins which flood during high 

vrater, but have no normal drainage ways . Their success at supporting 

breeding and moulting waterfmvl is entirely dependent upon their being 

recharged each year by spring freshets , vrhich rnaintain their level and 

sustain the kinds of emergent and floating vegetation that serve as food 

and cover for the birds during sununer , If the floods do not rise these 

basins soon will fill in viith sedges and eventually vrith Hillovrs . 

l1igrant birds are attracted by the mudflats and relatively open 

areas of the delta during autumn , At that time of year birds travel in 

large 'flocks and so seek out areas where there is food available and 

where the flocks can be protected by open space . Lake l·�arnavri and other 

larger lakes which v�ere nearly dry by autunm provided those conditions 

during 1970. Needless to say, hovrever, any further drying of the delta 

and any further invasion of the mudflats by sedges and \'lillovlS \·fill render 

such extensive areas entirely useless for waterfowl . Nieman (1971) makes 

a strong plea for control structures to maintain the Peace-Athabasca Delta 

as a breeding area, a moulting area and a staging area for migratory 

waterfov1l . He recognized the fact that 1 11·1hcn the situation approaches a 

'no-vrater' condition then all >'latcrfovll species are adversely affected1 1 •  

Smith (1964) stressed the necessity for maintaining the large northern 

deltas in Canada and Alaska for >vaterfo�·rl use; and noted the ra.pidity of 



46 

their passing. He recorded the flooding of 135 thousand acres of prime 

v.raterfowl habitat in the Saskatchevran River Delta for power generation 

by Manitoba Hydro. He noted the ever-increasing pace of exploration and 

development in the Nackenzie Delta and the adj acent Old CroH Delta of the 

Yukon, He mentioned the massive threat to the Yukon flats of Alaska by 

the impending construction of the Ramparts Canyon dan1 and reservoir 

project ( \'lhich has been forestalled, at least temporarily), and he had 

not yet heard of the ll ,A .  C. Bennett dam on the Pea.ce River, nor the 

proposals to divert Hackenzie River ''rater southvrard. Although the 

northern deltas comprise only 56 thousand square miles they represent 

breeding areas for 1 to 2 million ducks and 675 thousand geese. And of 

equal importance, they represent assured breeding habitat for many more 

birds when there is a dearth of water on the Canadian prairies. 

Nuskrat: In the Hackenzie basin muskrats have been able to adapt 

to an environment that normally vrould prove much too severe for an aquatic 

animal. They adapt by seeking out areas of Hater that though ice-covered, 

do not .fro eze to the bottom each 'trinter, and contain therein sufficient 

food of plant or animal origin to support then over winter. Fuller (1951) 

provided infm ."'laation about muskr;:,.ts of the Peace-Athabasca Delta at a 

time vrhen that area was recoverj_ng from a previous lovr-v,rater period in 

194l�-46 . He found that the animals built houses on the edge of marshes 

and that in vd.nter radiating lines of push-ups were constructed on the ice, 

in which the animals fed. Houses usually \·rere constructed of emergent 

vegetation such as cattails ( TyphA,  latifo:l,�.s) , bulrushes (§.£.:hLoJd2_ spp.) 

or sedges·. Push-ups vTere made fro::� su bmereed pl<mts such as milfoil 

(Eyriophyllum) and pond-vreeds ( Potc>rn.o_gc'Lon). Stevens (1971) suggested 

I 
I 
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that a depth of four feet of water -vms necessary for the survival of 

muskrats in northern regions . That figure Has based upon experience in 
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the Mackenzie Delta where muskrats do not build houses . lvinter observations 

by Surrendi (1971 ) demonstrated that -vrhereas an optimum depth of 4 .  75 feet 

may be postulated, muskrats were able to exist under conditions where 

there was much less water,  In some places in the Peace-Athabasca Delta 

he found muskrats living under circumstances where there was no d etectable 

water , At those minimal depths however ,  most of the houses and push-ups 

were no loneer being used , The percentage of live houses and push-ups 

increased as water depths increased, up ·to the maximwn depth of 4� feet 

that Surrencli Has able to discover on one lake . Fuller gave the average 

productivity of the delta as 43 , 000 muskrat s .  In 1970 only 5 , 000 animals 

were trapped-:¢, vrhich circumstance came about through lm'Yered water levels 

and reduction of trapping effort . Trapping effort vlas reduced because of 

the really dispersed nature of the muskrat population, with the rernnants 

hanging on to life vrherever tolerable conditions could be encountered . 

Trappers quickly became discouraged by the lack of returns for the vrork 

involved in trapping muskrats , and expended little effort . 

A small population of muskrats is able to survive even under the 

circumstances to be encountered in the delta nm·r, but if additional 

restrictions on -vrater inflovr are imposed it is likely that their habitat 

situation vQll deteriorate even further .  

Other Species:  There have been a fevr additional studies of the 

wildlife resources of the area .  Wood (1967 ) investigated the ecology of 

the northern red squirrel in VJood Buffalo National Park and found that , 

-:� Data from Alberta Fish and Wildlife office , Ft . Chipewyan 

\ 
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whereas the animals were generally distributed throughout the boreal forest 

areas of the Park, they achieved their highest populations in the vrhi te 

spruce timber stands on the floodplains of the Athabasca and Peace Rivers . 

He concluded that squirrel numbers \vere related to the production of a 

good seed cone crop of white spruce . Wagg (1964) had studied the relation-

ship between white spruce reproduction and cone middens on the floodplains 

along the lower Peace River .  He  found one major red squirrel cache per 

acre , which he also felt vias an expression of squirrel density, one 

squirrel being responsible for each cache . 

Although squirrel pelts are lm·r in price,  they form collectively 

the n1ost important fur trapped in northern Alberta (Table 1 ) ,  and represent 

a very significant source of income . Because squirrels are most numerous 

on floodplains ,  any changes to the spruce stands thereon could reduce 

their nunmers . River control, and reduction in flood stages could have 

an adverse effect on red squirrel numbers . 

Snowshoe hares form an important component of the diet of those 

northern people who cepend for their li vlihood upon the products of the 

land . Studies in Alberta by Keith (1971) and his students have shm-m that 

the ,.d.llows on river floodplains are very important to the winter diet of 

snmvshoe hares .  In sunlffiel· the hares disperse to more varied habitat on 

the uplands vlhcre a greater supply of herbaceous food is available to 

them, but :i..n Hinter they are drat-m in to the vrllloH flats from as far 

avmy as five miles . HillovlS on floodplains are a pioneer species and 

persist only as lone as new point bars and ri ve.r: bars are being formed by 

high "later . Under the usual forc,st succession of northern regions vlillows 

are replaced by balsn.rr, poplar and vrhite spruce . 

I 
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It must not be forgotten that most of the Peace-Athabasca Delta 

lies \vithin the boundaries of Wood Buffalo Naticnal Parle The National 

Parks Act , which is a federal statute ,  specifies that national parks are 

dedicated to the people of Canada for their education and enjoyment and 

must be left unimpaired for future generations . The original studies done 

by the federal Water Resources Branch ( Coulson, 1962 )  considered the right 

of Canada to control navigation but did not consider the federal duty to 

protect the National Parks , \vood Buffalo Park was established for the 

propagation and preservation of the resident bison, which already have 

been discussed. Its value as a waterfowl sanctuary also has been referred 

t o .  One of the problems facing the existine task force i s  how t o  reverse 

changes in park ecosystens caused by the Bennett dam. Diverting more vrater 

from the Peace and Slave Rivers will give rise to similar problems . 

NEED FOR ADDITIONAL STUDIES 

The above review of our knowledge of the ecological requirements 

of Hackenzie River basin vrildlife indicates how much still needs t o  be 

learna:l. in connection ,.n_ th river basin planning . It is understood that 

some preliminary Y.rork is underway on the ecological ramifications of 

diverting \·rater out of the Pembina River at Evans burg, as a part of 

Alberta's  PRllill program . 

In a brief to the Churchill river diversion hearings in Winnipeg 

in January 1969 Prof , C , C .  Lindsey of the University of Eanitoba stated 

that surveys of an ecological nature , to be of much value, must examine 

year to  year changes induced by year-to-year variations in conditions , . 
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\IJelch et al . (1966) stated that 1 1experience suggests that 5 or 6 years 

are necessary for gathering data if biologists are to advise soundly on 

large and complex systemsn .  They cite as a practical example , the fact 

that 6 - 8 years are required to see a change in fish productivity because 

it takes that long for fish to grovr to a. size to be caught in commercial 

nets . The Canadian vlildlife Service similarly has found that even well-

supported ecological research progranls take a number of years to yield 

useful results . 

S cientists concerned professionally Hith the least altered of the 

vJOrld' s ecosystems are naturally consci<;>Us of, and often emphasize , the 

importance of renewable resources to the indigenous people, vThose use of 

these resources tends to be traditional aDd not easily mutable . The 

Ivlack €mzie basin should not be thought of as a distant vista of snm·T and 

ice . It has an area of 711, 000 square miles (Fig . l ) , three times as 

large as Alberta, and has a population of more than 263, 000 people 

distributed as f ollm·rs : ·l<-

British Columbia 

Alberta 

Saskatchevran 

Northwest Territories 

Yukon Territory 

68 , 300 

174 , 250 

2 , 450 

18, 300 

200 

Many of those people are of native and mixed blood , most live tmder or 

adjacent to frontier conditions, and all are dependent in large measure 

upon the resources of vrater,  soil and forest for their sustenance .  In 

that vast and sparsely settled region the largest settlement is Da1•rson 

-:<- Figures based on the 1966 Census of Canada; Dom. Bureau of Statistics , 
Ottawa . 
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Creek, B . C . ,  vdth a population of 12, 400 people . Many of the older ��d 

more primitive settlements are located along the waterways because those 

originally represented the travel routes of the frontier . In addition, 

the valleys had a better climate and a more abundant resource base than 

the adjacent uplands . For such frontier conmmnities Hackay and Fedoruk 

(1968) observed that ''The depreciation of a resource base means a lost 

opportunity to benefit from the development , exploitation or enj oyment of 

a natural complex'! . Because many northern communities have a narrow 

resource base such disruption can be extremely unsettling . By tradition 

and. preference pEOple '·dll try to persist in the same life style and social 

structure to which they have become accustomed , The community of Ft . 

Chipevzyan presents a clear ex�1ple of that tendency. Even though it may 

be said that such northern communities represent a dead-end life style, 

it is vrhat the people knovr, and evolving into something different will 

take tinle . Northern citizens increasingly expect to have some input into 

decisions that affect them, and to make decisions at their own pace . 

It may be trite to suggest it because the idea is not nevt, but 

there appears to be a real need for a multiple purpose plan to be developed· 

for the region between Edmonton and the Arctic Ocean .  Admittedly that 

kind of planning is difficult because it cuts across boundaries and 

responsib:Llities, but it vrould help toward an integrated natural resources 

policy, ai1d vrould point up a number of alternative courses of action . 

Booy (1969) in addressing the public hearings on the Churchill River 

diversions in Nanitoba expressed the opinion that "'vhen ·vre have to make 

a decision, vie make it on the basis of the available information in a 

'vay that leaves as much as possible our options open for the future . '' 
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He also said that " our predictions of future development are not nearly 

as certain as the complicated calculations based on them vrould lead one 

to believe1 1 •  

Koelzer (1970) •·ras being realistic when he said that 'Ire should 

accept the concept of alternative futures requiring planning for a 

spectrwn of policies .  To date planniBg organizations attempt to forecast 

a single course that the future vlill follow, and then plan accordingly. 

Almost certainly the future vlill deviate from forecasts so planning 1vill 

have to be continuous proces s ,  and planners and managers v1ill have to make 

an endless series of judgements and decisions to meet nevr situations . On 

that basis it is folly to create rigid master plans that are expected to 

be good in perpetuity. Koelz.er felt that 11the need in· long-range planning 

is to specify immediate steps that, are best for the immed :i. ate future but 

which maintain maximum fle:x..i..bility for selection of alternatives in the 

distant future stcps11 • He also observed that multipurpose planning is sel­

dom dcne ani in its place multilayered planning is substituted . That 

approach stifles innovative thinking because the organizational structure 

limits professional staff to thinking only within the framework of agency 

fiat . Guidelines for vrater resource planning as set forth by the vJat er 

Resources Council (1970) are relevant because they adopt a multi-obj ective 

approach and consider not only environmental quality, but also regional 

development and social ·Hell-being . 

Obviously, the aim of planning must be flexible ,  and flexibility 

can only ·be achieved by as vride a spectnun of information as possible . 

In addition, a major responsibility of the planning process must be to 

ensure tha.t the collection of information is a continuous proce s s .  l:hth 
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regard to diverting Mackenzie River water there appears to be a requirement 

for a great deal more information of all sorts . The need is to start 

with an inventory of physical ,  biological and sociological parameters , and 

to then interpret them into such categories of useable resources as minerals,  

l-laterpm-.rer, forestry, fisheries , game and fur, agriculture, human skills, 

group interaction and so forth . Once those data are collected and collated 

alternative plans may be developed, using the multi-objective approach 

that Koelzer recommended . That vJOuld allaH for a trade-off betv1een 

alternatives but v10uld require as imperatives public scrutiny ( see Silcox 

196? ) ,  and the frequent revie\·T and up-dating of plans . 

It is recognized that some of these considerations are outside 

the scope of an essentially biological report, and no further attention 

will be devoted to them herein . \'.fhat folloi-rs therefore is a frameNork 

whereby biological phenomena n1ay be investigated . It will include reference 

to the use of the biological resources by residents of the �iackenzie basin, 

but l-rlll not go into that aspect in detail because socio-economic studies, 

while overwhemingly important , are l-rithin the special competence and 

responsibility of other disciplines and jurisdiction. 

Biologj.cal Studies 

A thorough study of an ecosystem, suitable for predictive purposes ,  

requires a massive amount of information . For example , much can be learned 

from. palynological studies lvhich give clues as to the origin of the system 

and the limits vrithin l·rhich it is naintained .  Again, studies of present 

energy flo·1.; patterns indicate the relative importance to the maintenance 

of the ecosystem of its many biological components .  Broadly-based inventory 

studies leading to an understanding of vegetative associations have been 

detailed by the Canadian Forestry Service (1969 ) .  

I 

\ 
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A national inventory of important v-Tildlife habitats has been completed 

in part for southern Canada under the Canada Land Inventory . If the CLI 

boundaries could be extended northward on the same 8eneral basis a prelim-

inary but useful overvie\·r of the Hildlife capability could be achieved . 

Canada Land Inventory Report 117 (1970) sets forth a classification system 

for v1aterfm·1l and for wild uneulates . Although a portion of the l{ackenzie 

basin is included within the boundaries for that study the vlork ha.s not 

yet been rrtade available in its entirety in published form . Experience 

with CLI has indicated that if a landform study can precede the wildlife 

study a great deal of time is saved ,  and. duplication of effort avoided , 

A preliminary compilation of knm,m information vras embodied in the 

Arctic Ecole gy Map series released in 1970 by the Canadian llildlife Service . 

'rhat exercise attempted to delineate areas that >·rere kno'tm to be especially 

important as breeding areas, migration routes or wintering areas for a 

fairly v.lide spectrum of \o.Tildlife, including some ana.dromous fishes .  It 

made no claim to be other than a first look at problems that might arise 

as a consequence of increased human activity in a natural setting, such as 

parts of northern Canada. In the face of such abrupt and irrminent man-made 

alterations as pipelines, roads, railroads,  \•rater diversions , oil spills 

and mine development there is a great need to define those important and 

critical areas v.rith much greater exactness ,  A more detailed inventory is  

underway in the Nackenzie valley and adjacent portions of the Yukon "1\rith 

respect to a transportation corridor for Alaskan gas and oil resources . 

It is expected that this inventory will be more complete and more 

de�ailed, but that mucr� vlill still remain to be understood about the 

f 
I 
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dynamic s  of the ecological systems delineated . 

Any large-scale wildlife inventory depends on knm·rledge of hovr 

wildlife abundance is related to physical or vegetational characteristics 

of the environment , Some satisfactory attempts have been undertaken for 

northern bison, for muskrat s ,  for waterfm·rl , for moose and for beavers , 

as previously quoted . But such other important wild species as woodland 

caribou, black bear, mustelid fur-bearers (mink, marten, vreasel etc . ) and 

lynx await to be studied, as do the plant and animal species that they 

depend upon as food , Survival of wildlife in northern areas depends upon 

the development of behaviour patterns in response to a range of natural 

c onditions . If those natural conditions suddenly are altered in an unusual 

man.�er, such as by unnatural changes in the tirring and amounts of water 

flows , then the affected species are at a disadvantage. until nevr patterns 

can be learned, or they are eliminated if adjustments cannot be made . 

Lav1 {1951) ivanted to exchange house dwelling muskrats from the Peace Delta 

with banl< dHelling muskrats from the Slave Delta to ascerta.in whether 

house construction was a learned or an innate skill . Although the experiment 

\vas never done, the validity of his concern is pertinent and has been 

demonstrated ,,fith other species v:hich depend upon learned behavior, such 

as large c arnivores and many migrant species . 

One area of study that requires magnification is the relationship 

between the v.rildlife resource base and the people \vho are dependent upon 

it for food, for income ( fur) , for by-products (babiche ) , for recreation 

( photography) or for sport (hunting and fishing ) . One recent study by 

Pattison (1970) is relevant in that regard, H:Ls study took place in that 

portion of Alberta north and east of the Athabasca River and v1as an 

\ 
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attempt to measure the net soci8l benefits derived fron1 the moose 

resource through hunting activity , In 1968 he estimated that 26 , 000 

moose hunters harvested 8 ,  657 moose v1hich had a total value to the 

region of 1 . 5  IPillion dollars . It was his opinion that the resource 

was under-utilized , 

vfuereas Pattison' s study involved sport hunting there are additional 

studies which have attempted to measure the value of 1·lild land resources 

to people v1ho hunt for subsistence ,  Macauley (1968) made a very useful 

appraisal of the utilization of 1-1aterfowl and other country food by the 

Slave Indian band at Habay in northwestern Alberta, ru1d suggested that 

the need for such sources of food and other products should be considered 

as a local necessity in any management of the vlild fowl resource . Klein 

(1966)  made such an appraisal in central Alaska among the Eskimo people 

and noted that the use of vlaterfm·rl and their eggs occurred at a time ,,rhen 

other sources of food •·mre not available . Previously Brooks (195 5 )  had 

computed that Hildlife utilization "1-'ras by far the most valuable among the 

four basic industri e s  in Alaska., 

In the l��a.ckenzie Delta. area l-'lary Carpenter (1967) vms able to 

gather very relevant information about the place of vr8.terfmvl in the 

economy of the local Eskimo people , The fact that she \vas of Eskimo 

origin, helped her in getting factual ans\·iers to her interview questions . 

In that vray her study vms unique . Also in the lfackenzie Delta area economic 

surveys have been undertoken by Bissett (1967)  and by SmHh (1967 ) .  

All of those studies attempted to gauge the relationship betvmen 

a•. people \•rho are dependent to a va·ciable ext.ent upon a hunting and trapping 
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economy, and the •·r.ildlife resource base available to them. In most cases 

it 1<1as found that the resource \·ras being under-utilized because of the 

relatively small economic return for the effort expended in trapping. But 

other alternatives for mald.ng a living vrer e often not available , vTith the 

possible exception of social assistance payment s .  

Basically then , three areas of investigation are required to improve 

the picture regarding the extent and value of the 1</'ildlife resourc e .  The 

first area comprises inventories of 1·Tildlife habitats and populations , 1vith 

associated research on the dyne.mic aspects of their existence. A second 

kin� involves studies of individual species in order to assess their requir e-

ments for adequate space, for useful habitat and for necessary food . Such 

studies by their nature vTill assess interactions \vi th other species , and 

as more species are studied those interrelationships >fill be clarified . A 

third Y�nd is that designed to collect data on the use of the 1vildlife 

resour ce by area as an aid in determining the impact of '\'Tithdrmval of 

portions of that resource by changing land use and Hater use patterns . 

Only by knmving hm·r much vre have and \vho uses it vTill we lmovr ho1·1 much vle 

are in danger of losing. 

CONCLUSIONS 

Mo st of the conclusions about ecological disbenefits already have 

been stated und er previous headings . It has been noted that hydrological 

data are not ahrays in a form us eful to ecologi s t s  in predicting the 

effects of . changes in. •·rater regime . In addition , the scale and scope 

of data colle ction must be greatly increased in other fields of endeavor 

I 

\ 
\ 



58 

before intelligent decisions can be mad e .  Such decisions furthermore ,  

will have to be made in Ccmada using Canadian data , although experience 

at similar latitud es in the U . S . S . R .  may be helpful. Some of the greatest 

blund ers in renevrable resour ce use in recent years have been made in 

'\>rater management , and although not all of those mistakes have been mad e 

in Canada , collective experience should provide enough \varning to make 

us cautious of quick an�rers and one-sided planning exercises. 

One of the questions posed by the Saskatchevran-Nelson Basin agency 

for consid eration in this r eport 1-.ras "In "Vrhat \·fay are pr esent \·Tater level 

fluctuations along the Nackenzie River system und esirable for \dldlife and 

in what •·ray could they be improved ?11 It has been found that in some years 

the Peace-Athaba.sca Delta has lim:i.tod value to nesting waterfow:... because 

late flooding destroyed many nest s .  As intensified agriculture on the 

Prairi.es removes vTaterfm·rl habitat there, flood control on that delta may 

prove beneficial in the maint c11ance of continental \·mterfm·Tl resour ces. 

The maintenance of productive habitat , h01·1ever , \'lould still d epend on 

s easonal flooding, perhaps phased ear:U.crin the year , and the maintenance 

of fur-bearer numbers might r equire careful attention to the maintenance 

of fairly high and stable levels over winter . The reduction of the head 

of "\-rater necessary for flooding, silting and rejuvenating riverine and 

deltaic habitats uould. be difficult , if not impo ssible , to effect \•Thile 

maintaining the ability to manage productively these delicately balanced 

but highly productive biotic associations. 
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I t  has been f ound in the past that the r eservoir areas behind 

pmver dams are not of particular use to vri.ldlife or recreation because 

fluctuating "\'Tater levels make the establishment of plant and animal 

conununities difficult. If fluctuations can be kept to a minimum it is 

possible that a .... rater c ontrol regimen suitable to i·Ti.ldlife might be 

instituted. That ivould depend upon the control str uctures built and 

the purpose for >·Ihich the water 1-ras being c ontrolled. 

If vre kne�·r hoH much less i·rater would be flovring into the Hackenz.ie 

basin, and hm·r that flm·r i•rould r ed uce the flood crests over each island and 

sandbar; if 1ve knE:iv hovr many tons fev1er of river silts vmuld be spread 

over deltas and floodplains, hmv much b:r: eak-up i·Tould be delayed , or hoH 

much freeze-up vmuld be accelerated, then it might be possible to make 

more intelligent estimates of damages and disbenefits that idll accrue 

from water diversions. Similarly, it should be rec ognized that the 

ecological study of the effects of changes in water regimes on i•retlands 

in the North is only at a beginning, and that i·rhat these studies amount 

to ar� uncontrolled experiments. The resources have simply not been 

available for carrying out properly-d esigned studies of either effects or 

mitigation techniques .  

Stn'ir-1ARY 

l .  There has been a great deal of interest lately in \•rater diversion 

schemes in North America and the engineering site studies undertaken 

for the Saskatch6i·ran-Nelson Basin Board r epresent only part of those 

proposed . 

i 
l 

I 
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2 .  It is estjJnated that the fur and big game resource of the Mackenzie 

basin produce s  an annual yield valued at five million dollar s .  

That fisure does not take into account expenditures by the public 

in hunting waterfovrl and upland game, nor does it include the 

value of the 1vlldlife resource for country food and by-products 

to the many people in frontier areas . 

3 . River valleys in the Kackenzie basin represent a valuable and 

preferred habitat for ungulates such as moose , elk and deer , and 

for fur species such as beavers, h:1res and squirrels . Those 

rivers also are routes for most of the birds that migrate to 

and from nesting grounds in northern regions . 

4 . Increasing the fl m·r of northern rivers under i·rinter c onditions 

can have deleterious effects upon ag_uatic fur species, and 

may inhibit travel and the break-up of vrinter ice through the 

formation of overflm'r. 

5 .  De ltas represent the ri chest portions of i�·atersheds and the 

Mackenzie basin is favoured >-rith three of them . The Slave Delta 

is the smallest of the three but is building rapidly into 

Great Slave Lake .  It is especially importru1t for the r esident 

fur species and the migrating 1·rild fm·rl that depend for food 

and habitat upon the pioneer plant communities on silt flats a.nd 

river bars. 

6 .  The spruce forest along the Slave River has become established 

through vegetative. succession; from horsetails .:md vrillo>'IS on 

exposed river banks through balsam poplar to Hhite spru c e .  Those 



stands have been estimated to contain 85 million f,b , m ,  of saw 

timber . 

7 .  The upper tvw-thirds of the Hackenzie Delta is forested �<rith 

white spruce �<rhich is restricted to the channel levees. The 

whole of the region is underlain by permafrost which presents 

special problems in forest growth and regeneration , 

8 .  Nuskrats are the most valuable fur resource in the Hackenzie 

Delta and live in the floodplain lakes that occupy half the 

land surface of the area . Lal<es \-Thich do not flood periodically 
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do not grow an adequate food supply
.
to support muskrats over winter . 

9 .  Beavers in the Mackenzie Delta inhabit meander scroll depressions 

and floodplain lakes and are entirely dependent for food ur0n 

the \dllov1s and poplars that grovr only upon recent delta alluvium . 

A harvest quota of 4, 000 animals has been established for the delta . 

10 . The Mackenzie Delta i s  an important breeding and staging area for 

migratory vlaterfm·Jl and shorebirds . Air surveys have sho\m 

br.eeding pair indices for ducks ·(·,o be as high as 335 thousand. 

11 . Any interruption of the usual profmmd flooding of the �l.ackenzie 

Delta could direct plant succession tm-rards muskeg conditions ; 

12 . 

could cool the climate, delay break-up and increase permafrost . 

In so doing it v1ould eliminate much of the muskrat, beaver and 

waterfmv-1 habitat . 

It is suggested that the Liard River has a major influence 

upon the time of break-up in the Mackem,ie River , and thus upon 

the climate of the lm·rer 1-lackenzie basin . 
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13 . 'I'he Peace-Athabasca Delta has been denied the flood \·raters of 

the Peace River as a consequence of riverine control by the 

Bennett Dam in B . C .  Both the delta and adj acent Lake Athabasca 

have lo-v; average levels as a result . 

lL�. Some of the best stands of sai'T timber in northern Alberta grmv 

on the floodplains of the lovrer Peace and Athabasca Rivers, 

including those portions -vrlthin Hood Buffalo National Park . 

As for other areas within the northern boreal forest zone, 

the establishment of such spruce forest may be dependent upon 

the germination of seedlings on recent alluviuJn , 

15 . The bison in the Peace-Athabasca Delta portion of Hood Buffalo 

National Park are dependent for most of the y�ar upon edible 

sedges for t heir food , Those sedges are being replaced over 

large areas by reedgrass subsequent to the dravrdmm of wate r  

levels by the Bennett Dam i n  B . C .  Reedgrasses are an inferior 

forage for bison, especially in Hinter . Sedges require flooding in 

spring "'rith a gradual lm·Iering of vmter levels during sununer . 

16 . Breeding and moulting populations of vraterfoul in the Peace-Athaba.sca 

Delta have become concentrated in permanent vmter basins that are 

filled by spring freshets. The northern deltas are especially 

important to the continental •·:-at erfm·rl resource during periods 

of drought on the prairies of Canada , 

1 7 .  The number of muskrats traded fronl the Peace-Athabasca Delta 

decreased from 43, 000 in 1967-61::: to 4, 900 in 1970-?1, largely 

because of reduction in habitat follm·ring steadily decreasing Hater 

levels. 
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18 , There is a very great need for high enough water levels 

periodically to fill the perched basins of the delta region \vhich 

represent the permanent habitat for muskrats and waterfowl . 

19.  Huch of the Peace-Athabasca Delta lies within the boundaries of 

\�Tood Buffalo National Park . National park values have been 

impaired by reduced floHs in the Peace River and \<Jou.ld be further 

impaired by the diversion of vrater from the Peace and Athabasca 

River systems . lh tigating the present damage to the national 

park vrill prove to be difficult enough . 

20 . The Hackenzie basin has a population of 263 , 000 people, many of 

whom are of native or mixed blood and live under frontier conditions 

wherein they are dependent to a significant degree upon the products 

of the land . Most of those people live along the maj or water courses ,  

21 , Ecological studies in the Hackenzie basin must be accompanied 

by further physical and socio-economic ·studies in order to 

provide an adequate data base for the establishment of regional 

.goals and objective s .  

22 . Additional hydrological studies in the Hackenzie basin are 

especially desirable in order for judgements to be made 

concerning the extent and duration of flood peaks on component 

streams in the systen, the extent of v1inter flooding, and 

the impact of altered flows on northern climates.  
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