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1. INTRODUCTION 

This project is designed to determine the effects of the Bennett 

Dam on the Peace River near Hudson Hope, British Columbia, on water 

regime, vegetation pattern, and waterfowl use of the Peace-Athabasca 

Delta. This extensive delta region is maintained through inundation 

by silt-laden waters, silt deposition, and water retention in shallow 

basins. The resurgence and retention of water on the delta depends � 

upon the spring and summer flood levels of the Peace, Athabasca, and 

Birch rivers. Since the filling of the reservoir behind Bennett Dam 

was begun in spring, 1968, flows in the Peace River have remained quite 

low. Although the total annual flow will slightly increase as full 

operation of the hydro-electric system is approached, the discharge 

pattern will follow the seasonal requirements for electricity in 

British Columbia. Thus we can expect low discharge in the summer and 

high flow in the winter - a reversal of the natural water regime. It 

has been estimated that the mean level of Lake Athabasca and the 

contiguous marshes may drop by three feet (Water Resources Branch 1962), 

exposing large areas of level silt which until now have remained more 

or less continuously submersed. This reduction in water area and the 

concomitant lowering of the water table is expected to cause signif

icant changes in the vegetation pattern, such as encroachment of 

willows into sedge meadows, and to have detrimental effects on water

fowl and muskrat habitat. 

The Peace-Athabasca Delta is important for waterfowl production, 

but is particularly renowned as a moulting area and as a staging area 

for .the fall migration of ducks and geese. It has also been a 
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significant producer of muskrats and other furbearers - an important 

source of income for the approximately 1 ,500 Indian and Metis residents 

of Fort Chipewyan and vicinity . 

Thus any changes in the eco logy of the de lta, resu lting from 

damming the Peace River may have serious repercussions in terms of 

income opportunities for the regiona l  human population. It is , there

fore, important to investigate what changes are like ly to occur, and 

to determine what management wou ld be required to maintain sustained 

production of the wildlife resources for the economic benefit of the 

loc a l  residents and, as far as waterfowl is concerned, for the 

recreationa l benefit of North American hunters and bird watcher s ,  

whi le at the same time maintaining this interesting area in a s  natura l 

a state as feasib le.  

Specifica l ly, the objectives of  the pro j ect are: 

( 1) To determine ·the re lationships between vegetationa l patterns 

and physical environmental features ,  particu larly the water regime , 

and to develop a vegetation/environment c lassification of the de lta' s 

landscape. 

(2) To map the delta according to the above c lassification through 

interpretation of recent air photos .  

( 3 )  To determine use o f  various habitat types by waterfowl popu

lations for breeding, nesting, brood rearing, moulting , and spring and 

fa l l  staging. 

(4) To predict the long- term effects of the Bennett Dam on·the 

Peace River on the landscape and the waterfowl capability of the de lta, 

and to recommend remedia l actions to maintain desirab le waterfowl 

popu lations . 



2 .  THE AREA 

2. 1 Location and administrat ive d ivis ions 

The Peace-Athabasca De lta is s i tuated in northeastern A lberta , 

adjacent to the western extremity of Lake Athabasca. It lies between 

58°151 and 58°501N and between 1 10°401 and l l2°301W, covering an area 

of about 2 , 300 square mi les (ca.  6 , 000 km2) of which more than half 

is open water (Fig. 1). Three main rivers affect water levels in the 

de lta: 

( 1) The Peace River, which bypasses i t  on the north but ,  when in 

f lood , passes water through the Chena l des Quatre Fourches and the 

Riviere des Rochers into Mamawi Lake and Lake Athabasca ; 

( 2 )  The Athabasca River which enters the west end of Lake 

Athabasca from the south;  and 

( 3 )  The Birch River which originates in the Birch Mountains , 
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enters Lake Claire from the west , and f lows direc t ly through the de lta . 

The Lake Claire-Mamawi Lake section of the de lta is  now part of 

Wood Buffalo Nationa l Park ( see Fig.  1 ) ,  whereas the eastern portion, 

includ ing Richardson Lake and the mouth of the Athabasca River are 

administered by the Province of A lberta. 

2 . 2  G lacial history and surface geo logy 

The Peace-Athabasca De lta lies in the Peace River Lowlands a t  the 

conf luence of the Athabasca , Peace , and S lave river drainage basins 

(Hardy et a l .  1967 : 85 )  between the Birch and Caribou mountains on the 

southwest and the edge of the Precambrian Shield on the northeast . 

Regiona l bedrock is  variab le,  ranging from Precambrian granites 

and gneisses to unconsolidated Cretaceous sandstones and sha les. 

' 
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Figure 1 .  Geographic location of the Peace-Athabasca Delta. 
� 
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Precambrian rocks underly the eastern half of the study region, whereas 

the low lands north of the Birch Mounta ins are underlain by Devonian 

gypsum, limestones, C)nd sha les (Bayrock 196 1). 

The Keewatin shee t of the Wisconsin g lacier (ca . 3 1 , 000 years ago) 

covered the area with ice up to 1 mile ( 1 . 6  km) in thicknes s  ( Bayrock 

1962). Large ice-marginal lakes formed as the ice sheet gradua l ly 

retreated. G lacia l Lake Tyrrell covered the Peace River Lowlands ,  

south and we st of the present town of Peace River , extended up the 

Athabasca River basin to Lac La B iche , and included all  of Lake 

Athabasca and i t s  surrounding lowlands (Tay lor 1958). The retreat of 

the ice from the present de lta area was complete approxima t e ly 10, 500 

years ago . 

Fo l lowing deglaciat ion, Lake Athabasca was probab ly about 100 

feet (ca . 30 m) higher than at present (Bayrock 1962). The Peace and 

Athaba sca rivers probab ly had a steeper grad ient than at present 

because they depo s ited extensive areas of coarse sands and grave l s .  

Subsequent lower ing of the level of Lake Athabasca resulted i n  a 

reduction of the base level for the two major rivers and in laying 

down of s i l t  and clay deposits  on top of the o lder, coarser materials 

(Bayrock 1962). F i lling of closed depressions with s i l t ,  clay , muck , 

and f ibrous organic matter has proceeded s ince that time . 

2 . 3  C l imate 

Most of the northern Alberta has a short , coo l summer according 
II 

to the Koppen classif icat ion. The f low of low pressure systems over 

northeastern A lberta in the summer results in a mean wind direction 

in the de lta from the northwest (Odynsky 1958). 
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The fo l lowing climatic data are taken from Long ley (1968 ) .  Mean 

April temperature in the study area is 28 to 30°F (-2 . 2  to - l . 2°C) , 

mean July temperature is 60 to 62°F ( 15. 6 to 1 6 . 7°C ) ,  mean October 

temperature ·is 34 to 36°F ( 1 . 1 to 2 . 2°C) , and mean January temperature 

is - 10 to - l2°F (- 23 . 3  to - 24 . 4°C ) .  The moderating influence of the 

large water bodies extends the frost- free period to 100 days , i . e . ,  

20 days longer than in the surrounding uplands. The last spring frost 

normal ly occurs between 1- 15 June, whi le the first f a l l  frost takes 

p lace between 1- 15 September . 

Mean annua l precipitation in the area is 16 inches (406 mm) of 

which 9-10 inches (229-254 mm) f a l ls between 1 April and 30 September . 

2 . 4  .. The present landscape . 

Present landform and vegetation patterns of the Peace-Athabasca 

.De lta have been discussed in detail by Raup ( 1935) from whom the 

fo l lowing brief description is abstracted. 

The lacustrine- al luvia l p lain is very f lat with the only r e lief 

afforded by granite outliers of the Precambrian rocks to the eastward. 

These are rounded hil ls standing like islands in the f lats and having 

little soil on them. The lakes, although of large area , average only 

4 to 5 f eet (l . 2- 1 . 5  m )  in depth. Their shores are very marshy, but 

in p laces where they are exposed to the action of waves they are cut 

back and comparatively dry . Abandoned channe ls of the streams, and 

the ponds formed by the cutting- off of sections of the lakes are in 

a l l  stages of fil ling, in general being drier toward the outer margins 

of the basin. 



Although the differences in the elevation of the p lain above the 

\vater tab le are s l ight, they are enough to determine the arrangement 

of the piant cover. Lands subject to inundation have a herbaceous 

vegetation ranging from semi- f loating aquatic p lants to sedges and 

grasses . Large area s are cbvered by a lmost pure stands of awned 
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sedge (Carex atherodes) or b lue- joint grass (Calamagrostis spp . ) . On 

the s lightly e levated margins of stream channel s ,  abandoned or other

wise, are long l ines of wi l lows (Sa lix spp . ) .  Shrub and tree growth 

increases toward the margins of the p lain,  so that the upper (and 

o lder) part of the de lta .and the banks of the larger channels support 

a forest of white spruce (Picea glauca) and balsam pop lar (Popu lus 

ba lsamifera) . The granite hi l ls have. a scrubby t imber of white spruce ,  

jackpine (Pinus banksiana) , and white b irch (Betu la papyr ifera var. 

neoalaskana). 

3 .  ORGANIZATION AND PHASING OF THE PROJECT 

This project has been p lanned to be carried out over a f ive-year 

perio d ,  cons i sting of f isca l years 1969- 70 through 1973- 74. Technical 

f ie ld work has been divided into three sub-projects , f o l lowed by a 

f ina l phase in which a l l  avai lab le information wi l l  be c o l lated and a 

comp letion report prepared (see D irschl 1968 ) .  

These sub-projects are: 

Sub-project 0 1  Ecological c lassification · and mapp ing. 

Sub-project 02 - Eva luation of waterfowl use. 

Sub- project 03 - Topographica l mapping, hydro logica l and 

meteoro logica l record s .  
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Phasing of individua l aspects of the study is given in Table 1. 

Objectives, methods, and progress to date for each of the sub-projects  

are described in sections 6-8 of  this progress report. 

4 .  STAFF 

During fiscal year 1969- 7 0 ,  supporting s taff for the project 

consisted of one permanent Technician 2 (G . C .  Gentle) and two graduate 

assistants (D . L. Dabbs and D .  J. Nieman) on contract and term emp loy

.ment . G .  C .  Gent le assumed charge of the Fort Chipewyan fie ld station 

during H.  J .  Dirschl1s absence ; D .  L. Dabbs concentrated on sub-project 

0 1 ,  while D .  J. Nieman was mainly engaged in sub-project 02. 

In addition, an undergraduate s tudent and a part- time typist-radio 

operator were stationed at Fort Chipewyan during the fie ld season. The 

superintendent of Wood Buf f a lo Nationa l Park kind ly made availab le 

Patro lman R. Fraser for three weeks in June , to help familiarize the 

crew with the de lta's geography . 

5 .  ESTABLISHMENT OF FIELD STATION FACILITIES 

The 1 14 x 200 ft. lot at Fort Chipewyan ,  leased from the Hudsonrs 

Bay Company in 1968,  was deve loped into a suitab le base camp for the 

project (Fig . 2) . Three trailer unit s ,  providing accommodation for 

a crew of eight as we l l  as offic e ,  laboratory, and darkroom facilities 

(Fig . 3 )  were rented from ATCO Leasing Ltd . and p laced on the site in 

March, 1969 . Later a 20 x 3 6  f t .  frame building, containing a workshop 

and storage space for airboats and other motorized equipment was con

structed (Fig . 4). A water system and sewage dispo sal facilities were 

a l so e stab lished in the early part of the fie ld season. Fina l ly ,  the 



T�� 1. Phasing of the project and summary of major activities. 

Fisca 1 1969--70 

Sumner Winter 

S�roject 01 j Field work: Photo 

Eard.Dgica 1 
c liis:;s if ica t ion 
am' -:mapping 

strip inter-
photography, pret
ground ation 
checks, 
estab lish 
permanent 
transects 

Sub-project 02 I Fie ld work:  ITab-

Evaluation 
of wa terf ow 1 
use 

Sub- project 03 

Topographica l 
mapping, 
hydrologica l 
and meteor-
o logica 1 
records 

Fina l analysis 
and report 

census and 
nest 
search 

Setting up 
water tab le 
gauges and 
lake level 
gauges, 
met . 
instruments 
periodic 
reading 

ulation 
of data 

Tab
u lation 
of data 

Fisca l 1970-7 1  

Summer Winter 

Field work: ! Photo 
some strip 
photo
graphy , 
ground 
checks 

inter
pret
at ion 

Field work : ITab-
census and 
nest 
search 

u lation 
of data 

Fisca l 197 1-72 

Summer Winter 

Fie ld work: ! Photo 
ground 
checks, 
some strip 
photo
graphy 

inter
pret� 
at ion 

Field work:  I Tab-
census · and 
nest 
search 

ulation 
of data 

Periodic Te l luro- Periodic Tab-
reading of meter reading of u lation 
instruments, survey instruments of data 
high level of bench 
photography marks & 
at high .and other 
low water land 
levels marks 

Preparation of a 
contour map from the 
high level photos 

Fisca l 1972-73 

Summer Winter 

Checking of 
permanent transects 

Fiscal 197'.!-74 

Summer 

Con
tinuing 

Winter 

I checking 
Preparation of 
ecologica l map 
and comp letion 
report 

Fie ld work: ITabul-
census and 
nest 
search 

ation & 
ana lysis 
of data 

Periodic Tab-
reading of ulation 
instruments and 

of 
permanent 
transects 

Completion· 
report 
prepar
ation 

Prepar
ation of 
comp letion 

ana lysis lreport 
of data 

Col lating of a l l  
data and prepar
ation of fina l 
report 

\0 



Figure 2 .  View of Canadian Wi ld life Service f ie ld station at Fort 
Chipewyan. 
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Figure 3 .  Interior of the offi�e and laboratory tra il�r unit .  

F igure 4 .  Workshop fac i lities. 

1 1  
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lot was fenced and a harbour for the two airboats was dug with the h�lp 

vf Alberta New Start . 

}lajor equipment transported to Fort Chipewyan for use in the 

project included an International Travelall motor vehicle , two airboats 

for trave l in the shallow marshes and lakes of the delta, a 16- f t .  

f iberglass boat with twin 33 hp outboard motors for river trave l ,  and 

an 18-ft.  fre ight canoe with 9 . 5  hp motor for the estab lishment of 

gasoline caches within the delta. A VHF radio system, consist ing of a 

base station and four portable sets was rented from Alberta Government 

Telephones to permit communication between f ie ld parties and the base 

camp . 

6. SUB-PROJECT 0 1: ECOLOGICAL CLASSIFICATION AND MAPPING 

6. 1 Specific objectives 

( 1) To c lass ify the landscape of the delta into unit s ,  homo

geneous according to vegetation pattern ( cover and compos it ion), 

pr incipal geomorpho logical features , and developmental processes ; to 

investigate re lationships of these main landscape units to the moisture 

regime; 

(2) To produce a physiognomic- eco logical map of the entire de lta, 

according to the above classif ication, in order to determine the 

spatial relationships of the recognized landscape unit s ;  

( 3 )  To determine the rate and nature o f  changes in vegetation 

pattern and terrain features through the normal ongoing de lta-building 

processes and through the recent artificial alteration in water 

regime ; and 

• 



(4) To predict the long-term effects of damming the Peace River 

on the landscape of the de l ta, and to indicate steps that would 

al leviate those effects. 

6.2 Methods 

Methods adopted in this study were chosen with two factors in 

mind: 
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(a) The vast extent of the marshes and shal low lakes, silt f lats, 

sedge and reed meadows, and meandering stream channels make ground 

trave l to study sites very time- consuming , and sometimes hazardous . 

(b) As the f i l ling of the upstream reservoir on the Peace River 

had already begun, rapid changes in the vegetation of the del ta were 

expected . In order to assess these changes, it was essential to obtain 

an efficient and accurate means of monitoring vegetation changes as 

they occur . 

It was evident that comp lete reliance on traditional methods of 

ground sampling, such as quadrat or line- transect techniques ,  would be 

too inefficient for the recognition and evaluation of vegetational 

adjustments on such a large sca l e .  A system of aerial photographic 

samp l ing was, therefor e ,  adopted since it a l lows monitoring of changes 

in the landscape over extensive areas, and thus permits considerab le 

reduction in the required amount of ground sampling. 

6.2.1 Mosaic mapping 

Prior to the 1969 field season, air photo mosaics of three large 

representative portions of the de lta were prepared from existing 

(1955-56) coverage of the area. The military grid lines on topographic 

maps of the area were used as means of contr o l  in mosaic construction. 
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Reconaissance maps were then prepared on acetate overlays through 

identification and tracing of the following broad vegetation-landform 

categories: 

A - open lake water 

B - water with emergent vegetation 

C - mudflat (exposed silt or sparsely vegetated) 

D - fen 

E - tall shrub on alluvial levees or other high ground 

F - forest on alluvial levees 

G - forest on rock outcrops 

H - rivers and streams 

Whiteprints prepared from the acetate originals served as field 

maps for use in selecting study locations, field-transects, etc., for 

both the landscape-ecological and the waterfowl-use (sub-project 02 ) 

aspects of the study. 

6 . 2. 2  Large-scale strip photography 

Fifteen transect lines with a total length of 42 miles ( 68 km), 

considered representative of the various predominant landscape features 

of the delta, were selected in early June by means of the above field 

maps and aerial inspection (Fig. 5). They were marked on the ground 

with blaze-orange coloured, 2 x 2 ft., plyboards nailed to posts to 

facilitate repeated low-level aerial strip photography along the 

transect lines. 

Vertical stereo photography was carried out with a Hasselblad 

500 EL/70 mm camera and Planar 1: 2 . 8  f = 80 mm lens from a Piper 

"Apache" twin-engine aircraft flying at an altitude of approximately 1,500 
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feet ( ca. 460 m) above mean ground leve l .  The camera was purpose ly 

16 

not mounted to the airplane but was hand-held with a Hasse lb lad doub le 

hand-grip by the operator sitting over the camera hatch in a specia l ly 

insta l led seat. This arrangement was necessary to permit the camera

man to quickly compensate for sma l l ,  rapid changes in aircraft attitude 

that are caused by prevalent air turbulence at this low a ltitude . 

In order to evaluate seasona l differences in the appearance of 

existing p lant community-types, and to monitor surface water leve l 

changes and co lonization of newly exposed silt surfaces ,  three 

coverages were made in the course of the growing season:  

(1) a few weeks after growth began ( 16-2 1  June ) ,  

( 2 )  at the height of the growing season (22-24 Ju ly ) , and 

( 3 )  at the end of the growing season ( 17- 19 September) .  

On each occasion,  the transects were photographed with three 

types of film : 

( 1) Kodak Double-X Aerographic/Type 2405 (Ester Base ) , b lack and 

white , 

( 2 )  Kodak Ektachrome Aero/Type 8442, and 

( 3 )  Kodak Ektachrome Infrared Aero/Type 8443 . 

Exposed films were immediately processed at the fie ld station by 

a member of the research staff (D .  L. Dabbs) to ensure ( 1) that 

possible mistakes in coverage or exposure or defects in the camera 

equipment could be detected while the plane remained on location and 

( 2) that the processing contro ls specified by the manufacturer were 

strictly f o l lowed in order to ensure reproducib le resu lts . 
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b.2.3 Ground sampling 

Because of the apparent rapid colonizat ion of exposed mudf lats by 

fen vegetation, ground samp ling was restricted to fen and mudf lat 

communities. A tota l of 22 stands were samp led during August , 

including re- samp l ing of those studied in 1968 ( see D irschl 1968) . 

Two samp ling techniques were emp loyed : ( 1) a cover- class quadrat 

samp ling system using a 1/2 m2 quadrat . A modified Braun-B lanquet 

sca le was used to rate ground cover : 

Cover Range of Mid-point 
c lass cover (%) (%) 

1 �5 3 

2 6-25 16 

3 26- 50 38 

4 5 1- 75 63 

5 76- 100 88 

+ present but rare 

( 2) A modif ied line- intercept technique . In selected upper-

shorel ine communities, where visua l ly distinct boundaries between 

herbaceous communit ies occurred , a line transverse to the vegetation 

boundaries was marked with po les driven into the ground, and the 

position of existing boundaries was recorded. Five of these l ines 

were estab lished around the perimeter of Mamawi Lake. 

6 . 3  Resu lts 

6. 3 . 1  Large- scale str ip photography 

Strip mosaics of the three seasona l 70 mrn b lack and white coverages 

have been constructed for severa l of the photo- transects as a means 
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of facilitating accurate mapping and evaluation of seasona l and annua l 

changes in the vegetation. Co lour and infrared co lour transparencies 

of those transects were a lso stereoscop ica l ly examined to provide 

information on density and composition of common p lant communities. 

It is premature to report in deta i l  on this aspect of the study .  

However, the sensitivity o f  the photographic method in detecting the 

invasion of exposed mudf lats by the vegetation may be · i l lustrated. 

Fig.  6a shows Transect 2 on 16 June 1969 , i . e . , shortly after growth 

of wetland vegetation began. On that date , very little of the s i lt 

surface was vegetated. A lthough it is diff icu lt to detect the scattered 

occurrence of living p lants on the b lack and white photos, the colour 

and infrared colour photos (Fig. 7 ) c lear ly show the extent of vege

tative cover . 

Figs. 6b and 8 were taken of the same transect on 22 Ju ly.  Note 

how much of the open areas has become vegetated since the earlier 

coverage . By 19 September, the invasion has become even more obvious 

(F igs. 6c and 9). 

Preparation of strip mosaics , corrected to a standard sca l e ,  for 

the remaining photo- transects is under way. By means of acetate over

l�ys, areas differing in tone , hue, and stereo-appearance will be 

de lineated and coded to faci litate subsequent ground checks . 

6 . 3 . 2  Vegetationa l changes observed 

The immediate resu lts of the reduction in summer f low of the 

Peace River on the Peace-Athabasca D e lta are i l lustrated by Figs . 10 

and 1 1. In 1969 , lake basins in the de lta were f i l led by norma l spring 

runoff and by f looding caused by ice b lockage of the Embarras Channe l 
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Figure 7 .  Stereograms of a portion of Transect 2 ( see Fig. 5 )  taken in June 1969 . 
Approximate scale = 1 : 6 , 000 . 
Top : Ektachrome Aero F i lm. 
Bottom: Ektachrome Infrared Aero F i lm. 
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F igure 8 .  Infrared co lor·stereograms of a portion of Transect 2 ,  
taken in July 1969 . 
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Figure 9 .  Infrared color s tereograms of a portion of Transect 2 ,  
taken in September 196 9 .  
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Figure 10. High oblique of northeast s ide of Mamawi Lake , 
taken in September 1969 . 

Figure 1 1 .  .Ground stereogram of basin of Mamawi Lake 
in September 1969 . 
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6f the Athabasca River, but , through the entire growing season, water 

levels continued to drop in apparent synchrony with the f a ll in the 

mean level of Lake Athabasca (see sub- project 03 ) .  Silt flats which 

had been exposed and coloni�ed by vegetation in 1968 were re-exposed 

in May 1969, and the extent of exposed surfaces continued to increase 

week by week (Fig . 12). The last flight over the study arei on 

19 September 1969 showed that in Mamawi Lake only the centre of the 

basin he ld water. 

Rap id colonization of the exposed silt flats occurred . Table 2 

compares the vegetative cover of f ive stands that were sampled in 

July 1968 and again in August 1969. It is evident that invasion by 

fen vegetation has been quick and that , in the short span of one year, 

a relatively complex community structure and composition has come into 

existence (Figs. 13- 15 ) .  The sparse ground cover that characterized 

the stands· in 1968,  by
. 
August 1969 had become quite dense and con-

tinuous. On the average, the number of species tripled in the 

intervaL Slough grass (Beckmannia syzigachne) , scarce in 196 8 ,  was 

dominant in most of the 22 stands sampled in 1969.  

The mechanism of this rapid colonization is  not fully understood, 

but is at present under investigation through germ ination trials of 

silt sed iments collected during the 1969 f ield season . The question 

to be answered is whether the seeds of the co.lonizing plants were 

flushed- in during the preceding spring or whether they had remained 
dOI'I"'!:lV,t 
d�RSRt in the silt for a pro longed period until suitable growing 

conditions occurred. Knowledge of this mechanism will be of aid in 

pred icting the vegetation adjustments that will take place in the 

delta . 

L4 



Figure 12. East shore of Mamawi Lake, showing 
progressive decline of water levels. 
Photo taken in August 1969. 

Foreground. Sparsely vegetated mudflat 
exposed in late June 1969. 

Background. Dense fen community 
developed on lake deposit that has 
been exposed since August 1968. 
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Table 2 .  Comparison o·f vegetative cover in 1968 and 1969 on seven exposed si It flats. 

1968 1969 

Percent Percent of 

of ground covered 

Stand No. of ground No. 'of No . of 
No . synusiae covered species synusiae 1st syn .  2nd syn. 

1 1 10. 5 7 2 15. 7 64. 0 

2 1 36. 9 7 2 5 7 . 1  5 2 . 5  

3 - 1 3 1. 5  5 1 7 5 . 5  

4 1 4 . 3  5 2 1 1 . 7  34. 8 

5 1 2 . 2  4 Marker_ removed 

6 1 16. 1 7 1 60.6 

7 1 15. 3  Unable t o  reach in 1969 

No . of 
�ecics 

2 3  

19 

15 

18 

19 

N 0\ 



Figure 13 . V iews of Stand 1 ,  southwest of Potato I s land. 

Top. Sparse p lant cover in July 1968, soon 
af ter the lake receded. 
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Bottom. Dense p lant cover deve loped by July 1969 . 



Figure 14. Views of Stand 3 ,  north of Eng lish I s land , 
showing the d ifference in vegetative 
deve lopment between the summers of 1968 ( top)  
and 1969 (bottom). 



F igure 15 . Views of Stand 6 on southeast shore of 
Mamawi Lake , showing the difference in 
vegetative development between the summers 
of 1968 ( top) and 1969 (bo ttom) . 

29 
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U�identified willow (Sa lix spp . )  seedlings were found in 17 of 

the 22 stands ( Fig. 16). They ranged in height from 5 to 75 ern, and 

their abundance was similarly variable from stand to stand. If water 

levels, as expected, continue to remain low, these areas will probably , 

in a few years , develop into very dense willow carr communities , 

similar to one situated near Transect 2 that was studied for the purpose 

of later comparison (Fig. 17 ).  That community was dominated by pussy 

wil low (�. disco lor), forming an a lmost impenetrable thickeb, 3 to 4 

meters tall, with a scattered understory layer of sedges ( mainly Carex 

atherodes) and grasses ( predominantly Ca lamagrostis inexpansa). 

Previous research in the Saskatchewan River Delta (Dirschl, 

unpubl . )  has shown that young willow seedlings are easily killed by 

submergence,  but that well- established willow communities can withstand 

f looding for many �ear s .  The observed colonization o f  exposed silt 

deposits by fen vegetation, has propably occurred previously in years 

of low runoff but has been halted when high water levels returned. 

Under present circumstances,  however , re-flooding of the colonized 

si lt flats · is not to be expected and , therefore , plant succession will 

continue unimpeded. It is , as yet ,  too early to predict the ultimate 

re sults of these large- scale vegetational adjustments. 

6 . 4  Plans for 1970 field season 

6 . 4 . 1 Small- scale photography 

Through the Interdepartmental Committee for Air Surveys,  the delta 

will be photographed in July at a scale of 1 inch = 1 , 000 f ee t .  This 

coverage will be used to prepare ( 1) semi-controlled mosaic s ,  (2)  base 

maps and, after a satisfac tory classification has been evolved , (3) an 
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F igure 16. Wi l low seedlings occurred in most of 
the newly estab lished fen communities. 

I 

F igure 17 . Wi l low thicket deve loped on an 
o lder site,  similar to that of 
Fig.  16 . 

w 
...... 
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ecologica l map of the entire delta . 

6 . 4 . 2  Large- sca le photography 

Air photo- samp ling wi l l  be restricted from 15 to 8 transects which 

experience has shown to be representat ive of the major exist ing land

scape features and eco logica l processe s .  Reduction i n  the number of 

transects wi l l  permit improved marking of the transect posit ions on 

the ground, and thus help to reduce the navigat iona l diff icu lties 

encountered in a ttempting to f ly repeatedly over the same strip of 

ground . 

Three-f i lm coverage wi� l again be used, but pre liminary scrutiny 

of 1969 data suggests  that the f a l l  coverage may not be required, at 

lea s t  as far as interpretation of vegetation patterns is concerned .  

6 . 4 . 3  Ground study 

Ground samp l ing of vegetation, so i l s ,  and other features of the 

physica l environment wi l l  be of primary importance during the 1970 

f i e ld season. All  s tands samp led in 1969 wi l l  be re-examined to obtain 

comparative dat a .  Examp les o f  vegetat ion units delineated o n  70 mm 

photographs of 1969 wi l l  be visisted in the f ie ld to det ermine their 

exact vegetationa l s tructur� �nd compo sition. 

Intensive invest igation of vegetat ion/environment re lationships 

wi l l  be conducted on the f o l lowing four f i e ld transects ( see F ig .  5 ) :  

Transects 1 and 2 on the wes t  shore of Lake Athabasca, and transects 

4 and 15 on the south and east sides of Mamawi Lake, respectiv e ly . 

Ini t i a l ly ,  b lack and white strip mosaics of thos e  transects wi l l  

be prepared and intensive interpretation of the avai lable three 

sea sona l coverages and three f i lm types wi l l  be undertaken. Areas of 
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re latively uniform tone, co lou� and stereo characteristics wil l  be 

mapped on acetate overlays. Stands, representing the various recognized 

mapping categories wil l  be samp led in the fie ld. Cover rating s  ( see 

section 6 . 2 . 4) wil l  be measured separately for the main layers of the 

vegetation by means of nested quadrat s .  Tentatively, quadrat sizes 

wil l  b e  as fo llows : 

1/2 2 for. herbaceous ground vegetation, m 

2 
2 

for shrubs ( 1- 3 m t a l l) ,  and m 

8 2 for ta l l  shrub and trees (> 3 m t a l l).  m 

The presence of additiona l species, not recorded in the samp ling 

procedure, will be noted so that comp lete species lists may be derived 

for a l l  stands. For trees, bole diameter and height wi l l  a lso b e  

determined. Increment bores wi l l  be taken from severa l  se lected trees 

in each stand to determine their age in an attempt to back-date the 

stand and place it on the t ime- scale  of landscape development . 

Measurements o f  ground water levels will be ·obtained at regular 

interva l s  a long the transects.  Stations to measure water table levels 

wi l l  be estab lished in June by p lacing four-inch diameter perforated 

P . V . C .  pipe vertica l ly into the ground to a depth be low the expected 

autumn water tab le position. Water tab le levels wi l l  be measured at 

two-week interva ls in conjunction with lake water leve l readings ( sub-

project 03). 

Compound soil samp les wi l l  be taken at r�gular interva ls a long 

the transect s  for chemica l and gravimetric moisture analysis. Moisture 

content , pH , and e lectrica l conduct ivity wil l  be determined at the 

f ie ld station . Chemica l ana lysis wi l l  be performed at the Saskatchewan 

Soi l Testing Laboratory a t  Saskatoon . 



Soil pits wi ll be dug near each of the stand pipes to examine the 

stratigraphy of the substrate . Depth and type of surface organic 

matter, prof i le development, presence or absence of c lay or frost pans 

and, possib ly, rooting depths w i l l  be examined. The feasibi l ity of_ 

. c 14 d . f . . 1 f d . . us1ng - at1ng o organ1c so1 matter as a means o eterm1n1ng 

re lative.rate of deltaic development wi l l  be evaluated in cooperation 

with the Department of So i l  Science at the University of Saskatchewan. 

If successf u l ,  this technique w i l l  a l low back- dating of rates of si lt 

deposition and successiona l deve lopment in the delta much farther than 

can be accomp l ished by comparing the severa l existing air photo cover-

ages taken since 1927. 

7. SUB- PROJECT 02: EVALUATION OF WATERFOWL USE 

7.1 Specific objectives 

( 1) To determine distribution and size of waterfowl spring and 

f a l l  popu lations; 

(2) To determine habitat preferences of breeding popula�ions of 

·abundant species with respect to : 

( a )  distribution o f  breeding pa irs, 

( b )  use o f  nesting habitat, and 

( c )  brood distribu�ion; 

( 3 )  To evaluate use ·of the area for mou lting; and 

( 4) To evaluate the effects of the water regime changes on the 

features of the waterfowl habitat. 

7.2 Se lection of study areas 

Becau�e the large size of the Peace-Athabasca De lta creates 



transportation and other logistica l problems not found in more 

acc�ssible wetlands, the adopted approach was to select severa l  

r�presentative study b locks for detai led f ie ld work . 
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The selected study blocks (Fig. 18) contain examp les of large and 

sma ll lakes, rivers, streams and potho les, the predominant shore l ine 

types and the immediately adjacent higher ground. Island comp lexes 

and peninsulas were also inc luded. 

7 .  3 \.Jaterfowl spring census 

7 . 3 . 1  Hethod 

Field ·work began on 5 Hay 1969 , when most water bodies ( except 

Lake Athabasca and Lake C la ire) were a lready ice- free . Only sma l l  

numbers of waterfowl were present on that date but, within the next 

severa l days, a marked ingress of birds occurred. 

Two aeria l counts were conducted on 8 - 10 May and on 14-16 May to 

determine the spring distribution and population size of the abundant 

spec ies. Twenty-three evenly spaced l ine-transects ·within the three 

study b locks were censused by a single observer in a Champ ion Citabria 

a ircraft at an a ltitude of 50- 100 feet ( 17-34 m) above ground level 

at an approximate a ir speed of 60 mph (96 km/hr). Al l waterfowl within 

400 yards (366 m) from the right side of the a ircraft were counted and, 

as much as possib le , identified to species. The para l le l  transects 

varied in length but consistently were one mile ( 1 . 6  km) apart. 

7 . 3. 2  Results 

The geographic distribution of waterfowl was c losely similar for 

both counts, but tota l numbers tripled in the interva l (Table 3). A 

pronounced change in species composition a lso occurred in the interva l 
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Tab le 3 .  Species composit ion and distribution during the spring waterfowl census - 1969. 
( Census 1: 8- 10 May ; Census 2 :  14- 16 May . )  

Transects 1-6 Transects 7- -1 1  Transects 12-23 
( Lake C la ire) (Hi lda-We ls tead) (Athabasca De lta area) 

Species C_l_ C2 C l  C2 C l  C2 

Canada Goose 90 6 13 0 115 1 14 2 , 395 
Snow Goose 85 2 '72 1 0 0 0 25 
Whist l ing Swan 0 16 0 20 . 346 224 
Ruddy Duck 0 2 0 24 5 20 

Dabb lers 

Mal lard 120 9 0  9 1  5 7  15 1 145 
Pinta i l  13 1 15 10 1 108 332 328 
Widgeon 15 63 69 46 219 157 
B lue-winged Tea l  2 23 17 44 27 78 
Shoveler 18 15 33 35 42 29 
Gadwa l l  17 14 0 2 1  2 

.. 

44 
Green-winged Tea l 0 0 0 0 3 0 

D ivers 

Lesser S caup 15 1 165 8 1  274 392 452 
Canvasback 4 88 21  35 155 152 
Ring-necked 17 60 34 63 23 69 
Go ldeneye 20 38 29 24 85 92 
Redhead 29 9 17 5 8  43 35 
Buff lehead 7 16 14 15 23 28 
White-winged S coter 0 2 0 2 0 0 

Tot a l  588 4 , 050 507 941 1 , 962 4 , 273 

Birds/mi le 6 . 4  44.5 5.0 9.2 8.4 18 . 3  

�ecies Totals 

C l  ___g 

204 3' 123 
85 2, 746 

346 260 
5 46 

362 292 
446 5 5 1  
303 266 

46 145 
93 79 
19 79 
3 0 

624 89 1 
180 275 

74 192 
134 154 
89 102 
44 5 9  

0 4 

3 , 057 9 , 264 w 
-....! 

6 . 9  20 . 7  
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between the two counts. In pa rticula r, la rge numbers of migrant geese 

and swans were present d uring the se cond census. Lesser Sca up ,  Pintail, 

Mallard, American Widgeon, and Canvasback were the predominant ducks in · 

both counts. D ucks seemed to p refer smaller lakes and p onds, whereas 

geese and swans were p resent in large open b od ies of wate r. 

Areas of high spring p opulation dens ities were: 

(a) The recent delta deposits of the Athabasca River between 

Richardson Lake and Lake Athabasca, especially the area immediately 

south of the latte� and 

(b) the extensive mars h a rea on the north end of Lake Claire. 

Further stud y throughout the remaind er of the rep roductive and 

p ost- reprod uctive period showed that the numbe r of the predominant 

species of waterfowl remained esse ntia lly unchanged . However, the 

distrib ution of the birds on the delta in the breed ing and post-b reeding 

seasons showed little corre lation with the pre-b reeding spring con

centrations. 

7.4 Breeding pair census 

7.4.1 Methods and p ro cedure 

The distribution of breed ing pairs in relatio n to habitat types 

was dete rmined by three closely spaced aeria l  counts on 28-29 May, 

30-31 May, and 1-2 June with a Champion Citabria aircraft at approx

imately 60 mph (96 km/hr) a nd a n  a ltitude of 100 feet (34 m) above 

ground level. All b irds between the a ircraft and the shore - about 

400 ya rds (366 m) distant - were counted a nd identified . 

The census was u ndertaken o n  64 representative habitat units, one 

mile (1.6 km) in length, p reviously ma rked with coloured plastic tape 
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by means of an airboat .  The counts were made from 0800 to 1000 hours, 

and from 1600 to 1800 hours, periods when waterfowl are believed most 

visib le during feeding ( Bennett 1938 ) .  

In the data tabulation, a l l  pairs, a l l  lone drakes ,  and groups of 

less than five drakes were considered indicative of dabb ler pairs. 

Lone hens were omitted since their drakes were probably a lready counted 

as pairs,  and groups of drakes over f ive are most like ly non-breeders 

in the area (Dzubin 1967 ) .  

With respect to divers, "indicated pairs" were derived from 

observed pairs p lus lone hens associated with two drakes . "Non-paired 

birds" were lone drakes, groups of drakes, one of the males from each 

heterogeneous group consisting of two drakes and one hen, and any 

larger heterogeneous group (Goodman 196 7 ) .  

7 . 4. 2  Resu lts 

The breeding pair counts are believed to have been reasonab ly 

accurate because of the tendency of the drakes to disp lay, the sparse 

cover , and the scattered distribution of the birds. The counts are 

assumed to give a re liable indication of breeding pairs present since 

by this procedure relatively few b irds are duplicated or deleted by 

movements of pairs between different water areas. 

Tab le 4 indicates the presence of 14 species of ducks breeding in 

the area in spring 1969 . Although Canada Geese nested on the de lta , 

none were encountered in the breeding pair c·ensus. 

The predominant nesting species on the Peace-Athabasca De lta in 

1969 were the four dabblers, Ma l lard, Pintail,  American Widgeon, and 

Shove ler , f o llowed by the divers, Lesser Scaup and Canvasback. The 



Table 4. Results of waterfowl breeding pair census on 64 one-mile 
long shore l ine segments.  
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Spec ies Total Hean May 28,29 May 30,3 1 June 1,2 

Ha l lard 298 99 64 100 134 

Pintail  143 48 47 54 42 

Widgeon 1 14 3 8  42 3 8  3 4  

Shove ler 94 3 1  17 2 1  5 6  

Lesser scaup 78 26 35 29 14 

Canvasback 56 19 28 10 18 

B lue-winged Tea l 43 14 7 24 12 

Ring- necked 40 13 21 . 1 1  8 

Go ldeneye 40 13 13 2 1  6 

Gadwa l l  20 7 8 4 8 

Redhead 17 6 5 7 5 

Buff lehead 6 2 1 4 1 

Ruddy 3 1 1 1 1 

Green-winged Tea l 2 1 0 1 1 

Tota l 3 18 289 325 340 
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progressive increase in the breeding pair totals for the three 

replicate counts is mainly accounted for by ingress of Mallard pairs. 

Assuming the 30- 3 1  May census to be the peak of the breeding 

season for the majority of waterfowl on the delta, the average breeding 

density over the 64 one-mile habi tat segments was approximately five 

breeding pairs per mile. Relatively high breeding concentrations were 

observed in association wi th the following habitat types: 

( 1) Phragmites in shallow water backed by Carex and Calamagrostis 

meadows ( 3 9 . 0  pairs/mile ) .  

(2) Emergents in shallow water, shoreline of emergent Carex 

grading into dense Calamagrost is meadows ( 16 . 5  pairs/mile) . 

(3)  Shallow creeks with abundant emergent vegetation. Shoreline 

of coniferous or deciduous forest (20 pairs/mile ) .  

Low breeding pair concentrations were observed in association with 

beach ramparts ( 0 . 5  pa ir/mile ) , deep channels lacking emergent vege

ta tion ( 1 . 0  pair/mile ) ,  and exposed shorelines of large lakes such as 

Lake Claire and Mamawi Lake ( 1 . 5  pairs/mile) .  

It thu's appeared that breeding ducks were essent ially attracted 

to shallow marshy habitats and thus to locations which because of 

rapidly falling water levels later in the season became unsu itable for 

nesting and brood-rearing. 

7 . 5  Nest search 

To determine nesting habitat preferences of the major species, 

nest searches were conducted on foot over representative areas of 

various habitat types by two observers walking 10 paces (6 m) apart , 

and creating additional noise-disturbance with tin cans and st icks. 
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Segments searched inc luded 100 yards (92 m) of shore line and extended 

400 yards (366 m) in land from the wa ter ' s  edge . Bennett ( 1938) has 

shown that 95 percent of nests are located within 220 yards of the 

shore line . 

Thirty-four segments, represent ing a tota l area of 1 , 360 , 000 

2 square yards (1, 137 , 100 m )  of possible nesting habitat were searched 

in this manner , but only three nests were discovered. This poor 

success was undoubted ly due to the scattered d istribution of breeding 

pairs in this vast marsh comp lex . It was, therefor e ,  decided to r e ly 

entire ly on brood observations for information on nesting chrono logy 

and , hopeful ly ,  through observations of very young (Class Ia) broods, 

on r e lat ive use of various habitats for nesting. 

7 . 6  Nesting chrono logy 

Brood observat ions (see sec t ion 7 . 7 . 1  for procedure) were used to 

determine nesting chrono logy on the de lta . H?tching and nest initiat ion 

features of the nesting cyc le were examined by means of the brood-back-

dat ing method of Go l lop and Marsha l l  ( 1954) . 

The initiation - hatch curves presented for Ma l lard and Canvas-

back (Fig.  19) are based on back-dat ing of a l l  C lass I broods sighted 

during census. To faci litate comparisons, the combined egg laying and 

incubat ion period was assumed to equal 35 days (Townsend 1966 ) .  

These weekly interva l curves are only estimates and are subject 

to some b ias in that they represent successfu l nests only and not 

initiat ion of a l l  nests. This bias cou ld be suff icient to alter the 

posit ion of the peaks somewhat due to the sma l l  samp le size and nest 

fai lure or high early brood mort a l i ty resu lting from rap idly dec lining 
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Figure 19 . Nes t  init iation-hatching curves for Mal lard and 
Canvasback ducks in the Peace- Athabasca De lta , 196 9 .  
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water leve ls.  

The graphs indicate that peak hatching, for successful Canvasback 

and Mal lard nests , occurred approximately during the third and fourth 

weeks of June 1969 , respectively. The peaks in nest initiation were 

11- 17  May for Canvasback and 18-24 May for Mallard . There was no 

appreciab le amount of renesting activity evident for Ma l lard . Canvas

back , however , showed an apparent renesting activity peak during the 

last week of May . This suggests that much of the nesting activity 

that began ear ly in the season was unsuccessfu l .  Although it was not 

possib le to continue rep licate brood counts into August owing to low 

water leve l s ,  it is entirely possib le that this cou ld have revea led 

a renesting peak for Ma l lard as we l l .  

The peak in nest initiation ( 18-24 May) . for Mal lard corresponds 

c losely to the sex ratio changes observed for this species during the 

breeding pair census .  This effect appears less pronounced for Canvas

back. 

Evaluation of c lutch size,  nesting success,  and nest habitat was ,  

of course , imp.ossib le with the sma l l  number ( 3 )  of nests found . The 

poor nest construction, sma l l  c lutch size ( 2 ,  4, 6), and lateness of 

the season (3-6 June) seems to indicate that the three nests discovered 

were renesting attempts . 

7 . 7  Brood distribution and brood habitat preferences 

Brood distribution in relation to habitat types was evaluated by 

census conducted from an airboat. Habitat types similar to those used 

in the breeding pair census and ne st search were censused in 129 one

mile segments representative of various habitat types.  
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7 . 7. 1 Procedure 

The a irboat wa s dr iven approxima t e ly 100 yards (92 m) from, and 

para l le l  to , the shore line and an observer recorded broods seen on 

magnet ic recording tape . Ducklings were ident ified a s  to spec ies,  and 

the size and age c lass ·of the broods was recorded . Fema les that 

succeeded in hid ing a l l  but one or two of their brood , and apparent ly 

unaccompanied hens that exhibited materna l behaviour were tal lied as 

materna l ducks and later assigned the average number of young as 

determined by averaging the b�ood count s .  Brood ident if �cati on by age 

c lass was carried out by means of Gq l lop and Marsha l l ' s ( 1954) p lumage 

method . 

Four rep l icate counts were �ade of each hab itat segment to deter� 

mine the degree of brood movement ,  and to. record . ear ly ,  intermed iate , 

and late hatche� . Repeated ce�sus a lso a ided in determining mean 

brood size  per age c la s s  since rea l ized production of waterfowl depends 

on the number of young survivi�g to the f.light stage (Goodman 1967 ) .  

The four counts were taken : ( 1) on 3-7 Ju ly, ( 2 ?  on 8- 1 1  Ju ly, 

(3) on 17- 18 Ju ly , and ( 4) on 30 Ju ly- 1 August . Great ly reduced water 

leve ls prevented further rep licate count s .  

7 . 7 . 2  Resu lts 

In the first count ( 3- 7  Ju ly) of 129 mi les of shorel ine censused , 

on ly 20 supported brood s ,  conforming to the results  of the breed ing 

pair counts and the nest searching , a l l  of which indicated that 1969 

was a year of very low waterfowl production in the Peace-Athabasca 

D e l t a .  

A tota l o f  45 brood s were observed and identif ied for a n  average 
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o f  0 . 3 6 broods per mi le.  In the 20 one-mile segments that had brood s ,  

there was an average of 2 . 3  broods per mile. Most observed broods 

be longed to Age C lass I .  

The final brood count (30 Ju ly- 1 August) invo lved census of 129 

miles of shore line, 18 o! which supported broods.  A total of 46 broods 

were observed and identif ied, giving an average of 0 . 35 broods per 

mi le. In the 18 one-mile segments that held brood s ,  the average was 

2 . 5 broods per mi le.  Average brood size was 5 . 6  duck lings, mos t  in 

age c lasses II and III. 

The majority of the broods on the delta in 1969 were of four 

species,  Ma l lard , Canvasback, American Go ldeneye , and Lesser Scaup . 

Tab le 5 gives the ca lcu lated number of broods per mile,  and the mean 

brood size, for a l l  habitat segments censused. Expected broods per 

mile was calcu lated oy mu ltip lying the mean number of indicated pairs 

of a species per mile by the percentage nesting success of that spec ies 

(Townsend 1966 ) . 

Tab le 5 .  Brood size and concentration per mile (means ) .  

Tota l Brood s ize 
number Observed Expected 

Species broods per mile per mi le 3 Ju ly 1 Aug Mean 

Ma l lard 14 0 . 13 0 . 87 7 . 0 5 . 8  6 . 3  

Canvasback 1 1  0 . 10 0 . 10 4.0  . 3 .  7 3 . 9  

Go ldeneye 9 0 . 08 0 . 2 2  6 . 8  2 . 0 4 . 4  

Le sser Scaup 7 0 . 06 0 . 03 5 . 5 4.4  4.9  

Average 10.2  0 . 09 0 . 30 5 . 8  3 . 9  4 . 8  
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The observed number of Ha l lard and American Go ldeneye broods , when 

compared to the expected brood product ion i s  low, whereas Canvasback 

and Lesser Scaup broods observed agree we l l  with the expected number . 

Habitat types assoc iated with the high�st brood concentrations 

were as fo l lows : 

( a )  Segment 4: deep narrow creek, connect ing large, sha l low mar sh 

to Lake Mamawi .  Shore line of dense , mature , ta l l  Ca lamagrostis with 

scattered c lumps of med ium Sa l ix.  No emergent or submergent aquatic s .  

(b)  Segments 100- lOL 124- 125 : deep wide river channe l bordered by 

shore l ine of Carex and heavy dense stands of Phragmites communi s  on one 

s ide , ta ll , dense Sa lix on the 9ppos ite shore. Few emergent or sub-

mergent aquatic s .  

(c)  Segments. 106- 1 10, 1 19- 120 :  protected bays. on Richardson Lak e .  

Shoreline o f  Carex meadows with scattered , low Sa l ix .  Emergents 
. --. ---

(Phragmites , Scirpu s ) . and submergents re latively dense . 

( d )  Segment s 89- 9 7 : very sha l low protected lake,  extreme ly dense 

emergent , and submergent aquatic s .  Shore l ine of mud-bars with vege-

tation composed of Carex and low to med ium Sa lix.  

Tab le 6 compares the ob served number of Ma l lard , Canvasback, and 

Amer ican Go ldeneye broods with the expected number of broods for 

corresponding habi tat segments (Goodman 1967 ) .  It is apparent that the 

observed number of broods in segments 4, 100- 10 1 ,  and 124- 125 is con-

s iderably greater than the number expected according to breed ing pair 

abundance s  and percent nesting succe s s .  Thi s  strongly suggests brood 

movement by the three spec ies to these permanent ,  deep creek and river 

channe l s .  



48 

Conversely,  the f igures f or segments 1 19- 12 0 ,  89- 9 7 ,  and 106- 110 

suggest brood movement away from these sha l low water bodies to more 

optima l rearing habita t .  It  must b e  noted , however , that these 

segments sti l l  show rela t ive ly high brood use compared to other area s 

Tab le 6 .  Comparison of observed Ma l lard , Canvasback, and Amer ican 
Go ldeneye broods .  

Observed 
Segment number 

4 5 

100- 10 1 10 

124- 125 6 

1 19- 120 4 

89- 97 8 

106- 1 10 5 

Observed 
per mile 

5 

5 

3 

2 

1 

1 

Broods 
Expected 
per mile 

0 . 5 6  

0 . 76 

0 . 7 6  

3 . 4  

1 . 7  

1 1 . 2  

Observed : 
expected 

8 . 8 :  1 

6 . 5 : 1 

3 . 9 : 1  

0 . 58 : 1 

0 . 5 8 :  1 

0 . 08 :  1 

on . the delta.  Presence of dense stands of  emergent and submergent 

aquatics providing good cover for the broods ,  and open shore lines 

attract ive as wa iting and resting sites  may have served to retain 

broods in spite of very low water leve ls . 

The distribution of broods and breeding pairs in 1969 in relat ion 

to the main water body types on the de lta is presented in Fig.  2 0 .  The 

apparent inverse re lat ionship b etween breed ing pair and brood usage 

mainly ref lects d ifferences in water leve l s  and in abundance of emergent 

cover. 
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Unpro tec ted water bodies , lacking emergent cover receive high 

breeding pair u t i l izat ion ( LDPR , LSPO, LSPM) but few broods remained 

assoc iated with them. Lakes that remained uniformly sha l low ( 4- 8  

inches = 10- 2 0  em deep) throughout the brood rearing season were we l l  

u t i l ized by ducklings i f  emergent cover was present ( LSPE) . Since 

brood concentrations exceeded those expected according to the breeding 

pair censu s ,  movement of broods to tho se areas presumab ly occurred . 

Brood movement to deep , permanent streams and rivers i s  a lso evident 

from Fig . _20 .  Despite the absence of emergent cover, channels receive. 

the highes t  uti l ization by broods ,  part icu lar ly late in the season" 

7 . 8  Mou lting areas 

7 . 8 . 1 Procedure 

;oi 

The location of major · mou lting areas and the size  and species 

composition of mou lting f locks was determined through aeria l reconna is- �) 
sance from 20 to 24 July 1969 . 

Mou lting waterfowl were counted on 20 miles (32 km) of stream 

hab itat and on 69 la�es , bay s ,  and potho les .  The census was carried 

out by means of a Champion Citabria aircraft f lown para l le l  to , and 

400 yards (366 m) from, the shore line a t  an a ltitude of 150 feet ( 46 m) 

· and at an airspeed of 60 mph (96 km/hr ) .  The entire shoreline of 

lakes was censused .  Numbers and spec ies composition of mou lting f locks 

was determined and recorded on magnetic tape.  

7 . 8 . 2  Popu lat ion sizes  

A total of 39 , 600 mou lting waterfowl were ident if ied , giving an 

average of 4 1 . 5  ducks and geese per mi le (26 per km) of shorel ine on 

the 41  lakes with known shore line lengths . 
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Areas of high mou lting waterfowl concentrat ion were We lstead Lake 

( 6 , 060) , Lake B- 4 ( 5 , 600 ) ,  Hi lda Lake ( 5 , 500) ,  Sonny' s  Lake (2 , 700) , 

Otter Lake (2  , 200) , B lanche Lake ( 1 , 500) ,  Lake B-2 1  ( 1 , 300), and Lake 

B-8 ( 1 , 250) . 

Most of the mou lt ing areas (We lstead , B- 4 ,  H i lda,  and Otter lakes)  

were located a long the east shore of Lake C la ire north to Hi lda and 

Mamawi lake s ,  and south to We lstead Lake. Mou lting waterfowl north of 

Lake C la ire were concentrated . on Lake B-2 1 .  The main mou lting areas 

on the Athabasca River De lta were B lanche and B-8 lakes .  

7 . 8 � 3  Species compos i t ion and habitat features 

Tab le 7 presents the numerica l ly dominant species on some of the 

major mou lt ing lakes in order to i l lustrate species preferences for 

Tab le 7 .  Pred01;11inant species on major mou lting areas .  

Tota l Pre- Percent 
water- dominant of 

Mou lting area fowl species Number total 

We lstead Lake 6 , 05 0  Pint a i l  1 ,  700 2 8 . 0  

Lake B-4 5 , 540 Widgeon 885 15 . 9  

H i lda Lake 5 , 040 Ma l lard 1 , 600 3 1 . 7  

Sonny ' s Lake 2 , 740 Shoveler 660 2 4 . 0  

B lanche Lake 1 , 470 Lesser Scaup 740 5 0 . 3  

B lanche Lake 1 , 470 Ring-necked 160 10 . 8  

Lake A- 82 360 Canvasback 170 47 . 2  
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certain area$ on the delta. 

Marked preference of most species for certain mou lting areas on 

the delta is apparent. 
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Welstead Lake, Lake B-4, and Hi lda Lake contained mou lting f loc�s 

in which Pintai l ,  American Widgeon and Mallard predominated . Hilda 

Lake which, in addition, had a high density of Shovelers, differs from 

the other two water bodies in having a rather heterogenous shoreline 

of low wil lows , Carex and Calamagrostis , and an abundance of submergent 

aquatics and emergent Carex and Typha. Welstead Lake and Lake B-4, on 

the other hand , have very open shorelines of mud-bars with ·sparse 

growth of Senecio and Carex. The water appeared c lear with very little 

submergent ·gorwth' .and lacked emergent cover. All three lakes were 

relatively deep. 

Sonny' s Lake , · which receives the highest Shoveler use 9f any water 

body on the delta, is a fairly deep, turbid lake with a shoreline of 

Carex, Calamagrostis, and f looded dead .Salix. Only sma l l  stands of 

emergent vegetation occur , but submergent growth is fairly dense over 

a large part of the lake. 

B lanche Lake received high diver use ; the majority of the mou lt ing 

waterfowl consisted of Lesser Scaup and Ring-necked Ducks . Of moderate 

depth, . Blanche Lake has dense stands of emergent cover of Phragmites 

communis and Typha latifolia and adjacent earex and Salix fens. Sub

mergent vegetation i s  present in the bays and inlets of the lake . 

Canvasback were most numerous on Lake �82, where they comprised 

47 percent of all  mou lting waterfowl observed . �82 is deeper than 

most other lakes in the delta and i s  open, rough, and turbid. There 

is abundant submergent aquatic growth, but the lake is essentia l ly void 
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o f  emergent vegetat ion. 

I t  appear s ,  therefore, that mou lt ing dabb l ing ducks prefer sha l low, 

protected water bod ies,  whereas d ivers are attracted to deeper water 

containing an abundance of submerged aquatic vegetation .  Iso lation 

from human disturbance may a lso be important in the choice of part icular 

mou lting lakes ,  s ince very few mou lters were present on lakes in the 

vicinity of the navigable channels of the Athabasca River along which 

several Indian sett lements are located . 

The requ i s i te for iso lation during mou lting i s  a lso believed to 

be ref lected in
. the distr ibution of Canada Geese which were observed 

mou lting only on the ·east .and wes t  shores of Lake C laire , B lanche Lake ,  

and B-3 and B- 4 lake s .  Ninety- two geese ( 13 adu lts and 79 gos ling s )  

wer
.
e banded b y  a joint Canadian Wi ldlife Service-Ducks Unlimited team 

. on 16 July 1969 on ·the wes t  shore of Lake Claire. On the bas i s  of 

co lour and. measurement s ,  these b irds are believed to be Giant Canada 

Geese (Branta canadensis  maxima) · or an, as yet , undescribed race of 

large Canada Geese ( A. Dzubin, per s .  comm. ) .  

The large concentration of mou lting ducks that u t i lized the delta 

in compari son to the sma l l  breeding population, and the observed in

f lux of Ma llard and Pintai l  drakes in fu l l  breeding p lumage between 

mid-May and early June ( i . e . , whi le the resident birds were s t i l l  

engaged in breeding activ i t ies)  suggests  that the Peace-Athabasca Delta 

i s  an important. mou l ting area for post-breeding drakes from more 

southerly marshes and the prairie pothole region. 
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7 . 9  Waterfowl fall census 

Aerial census of f a l l  populations was carried out from 8 to 12 

September to determine popu lat ion levels,  species composit ion, and 

re la t ive use o� major hab itat types. F ig .  2 1  i l lustrates the shoreline 

habitat censused . Owing to the extremely low water levels at that 

time, length of the shore l ines cou ld not be determined with reasonable 

accuracy from exist ing maps and , therefore , waterfowl numbers per 

mi le could not be computed. 

Observed species composition is given in Table 7 .  Eighteen species 

of waterfowl were recorded , f ive of which (Ma l lard , Shoveler , American 

Widgeon, Canada Goose, and Pinta i l )  comprised over 78 ·  percent of 

ident if ied individuals.  More than 143 , 600 b irds were observed . 

Table 8 lists the water areas censused which harboured more than 

1 , 000 waterfow l .  H i lda Lake, Lake B- 4 ,  We lstead ·Lake, Lake B-2 1 ,  and 

B lanche Lake had . populat ions of the same order as during the mou lting 

season. In a l l  portions of the de lta ,  the b irds were d istributed on 

rather large, open lakes with grave l or mud shorelines. Harassment 

'by hunters is bel ieved to have been inconsequential in causing this 

distributiona l preference .  

Lake C la ire . received high fall  use when compared t o  the corres

ponding breed ing and mou lt ing popu lation s .  The majority o f  the birds 

were concentrated in the large bays and lakes of the north shore 

( 1, 55 0 )  and the west shore in the vicinity of the Birch River D e lta 

( 5 , 890) . Large numbers of ducks , and the majority of the geese , were 

assoc iated with the south shore of Lake Athabasca from the Chena l des 

Quatre Fourches to O ld Fort Point . More than 27 , 000 waterfowl were 

observed in this area which had supported very low popu lations during 
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F igure 2 1 .  Shorelines censused in waterfowl census ,  1969 . 
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Tab le 7 .  Spec ies composit ion of fa l l  waterfowl popu lat ions ,  Peace
Athabasca Delta,  196 9 .  

Species Number Species Number 

Ma l lard 2 5 , 400 . Ring-necked Duck 2 , 200 

Shoveler 2 0 , 600 B lue-winged Tea l 1 , 550 

Widgeon 19, 800 Snow Goose ( inc l .  1 , 100 
Ross' Goose) 

Canada Goose 19 , 000 
Go ldeneye 170 

Pintai l 15 , 700 
Redhead 1 15 

Lesser Scaup 7 , 450 
Ruddy Duck 2 5  

Gadwa l l  5 , 80Q 
Swan 1 1  

Green-winged· ·Tea 1 4 , 000· 
Bufflehead 7 

Canvasback 2 , 350 

White-fronted Goose 2 , 300 " Upidentified 15 ' 700 

Total 143 , 600 
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Tab le 8 .  Waterfowl f a l l  population size associated with major water 
bod i e s ,  Peace-Athabasca De lta , . 1969 . 

Water area Number Water area Number 

Lake Athabasca 2 7 , 000 Lake A-4 2 , 070 

Lake C laire 2 4 , 2 00 Lake F-68 1 ,  970 

H i lda Lake 10, 400 Lake B- 103 1 ,  970 

Lake A- 125 8 , 400 Lake F-87 1 , 8 10 

Lake B-4· 8 , 300 Frezie Lake 1 ,  750 

We lstead Lake 7 , 300 Lake B- 106 1 ,  720 

Richardson Lake 6 , 850 Lake B- 10 1 1 , 580 

Lake B-6 4 , 400 Lake B- 17 1 , 400 

Lake B-2 1 3, 300 Lake A-7 2  1 , 350 

Lake F- 6 1  3 , 250 Lake B- 102 1 , 300 

Lake B- 1 2 , 750 Lake A- 104 1 , 270 

B lanche Lake 2 , 550 Lake F- 75. 1 , 2 00 

Dagmar Lake 2 , 350 Lake B- 107 1 , 200 

Beaver Lake 2 , 200 Mamawi Lake 1 , 200 
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the breeding and mou lt ing seasons . 

It is unfortunate that i t  was not possible to continue the f a l l  

census after 1 2  September s ince it is bel ieved that the fa l l  migration 

through the delta had not yet reached i t s  peak. This was part icularly 

evident for White-fronted , Lesser Snow, and Ros s '  geese which were 

poor ly represented in the count . 

7 . 10 P lans for the· 1970 f i e ld season 

7 . 10 . 1 Section of s tudy areas 

Severa l changes are p lanned in the se lection of study areas for 

concentrated data co l lect ion during the 1970 field season. Areas for 

aerial surveys of spring, mou lting, and fa l l  popu lations wi l l  be 

essent ia l ly th·e same as las t  season. 

Breeding b io logy data wi 1 1  be co l lected on the same habitat types 

as in 1969, but on somewhat d ifferent area s .  An effort w i l l  b e  made to 

se lect study b locks which wi l l  remain accessib le throughout the breeding 

season in spite of the expected further reduction in water leve l s .  

I t  i s  a lso hoped that these study b lo.cks · can be located re latively 

near the base camp at Fort Chipewyan. Frequent cros s ing of wide 

expanses of open water by a irboat and trave l ling considerab le d istances 

to the study areas mus t  be avoided in the interests  of safety and 

economics.  

In 1970,  transect counts wi l l  not be made . Instead, surveys 

around the shore lines of lakes and s treams , s imi lar to the 1969 

mou lt ing and f a l l  population surveys ,  w i l l  be carried out to obtain 

an estimate of the migrant and paired waterfowl utilizing the delta.  
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An effort wi l l  a lso be made to determine the approximate spring 

arrival dates into the Peace- Athabasca De lta for as many species as 

possib l e .  

7 . 10 . 2  Breeding pair census 
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Since sma l ler , more readily acces s ib le study b lock w i l l  be se

lected for the 1970 season, more rep licate counts of breeding pairs 

wi l l  be possible . These rep licate counts wi l l  be cont inued we l l  into 

the breeding season to obtain data on sex ratio shifts and on the 

distribution of breed ing birds within the various hab itat types .  

Short reconnai ssance f lights over the open water of . the lakes 

censused wi l l  be made to gain an ·ind i cat ion of the proportion of the 

lake population that is present in the central portion of the lakes .  

The shoreline census resu lts can then b e  adjusted accordingly. 

Transects across severa l lakes in the study area wi l l  be used to 

de termine distr ibut iona l changes of breeders and non- breeders .  The 

possib le accompanying sex ratio changes between the shore l ines and 

open water habi tats may thus be invest igated . 

7 . 10 . 3  Brood census 

Brood d istribution in re lat ion to habitat types wi l l  be evaluated 

as in 1969 , but selection of more readily accessib le study b locks wi l l  

permit greater rep licat ion of count s .  Brood movement within the 

de lta , suggested by the 1969 data , can thus be verified . 

More frequent counts wi l l  a lso a id in studying of nesting 

chrono logy . By back-dat ing the observed brood s ,  it  wi l l  be possible 

to determine quite accurately the chronology of successfu l nesting 

effort .  Brood counts w i l l  b e  continued into August to determine the 
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degree of renesting that may occur . 

7 . 10 . 4  Waterfowl mou lt ing and fa l l  census 

The distribut ion of mou l ting waterfowl wi l l  be determined as in 

the 1969 f ie ld season. 

Waterfowl fa l l  populations wi l l  a lso be investigated as in 196 9 ,  

but i t  is  hoped that the census can b e  continued at least unt i l  the 

end of September for the reasons . previou s ly out lined . 

In addi t ion, i t  i s  p lanned to emp loy large- sca le aerial photo-

graphy as a means of determining the s ize and , possibly, the species 

compos i t ion of mou lting and fa l l  populations on se lected water bod ie s .  

Pre liminary tests conducted in 1969 have been encouraging. 

8 .  SUB-PROJECT 03 : TOPOGRAPHICAL MAPPING , HYDROLOGICAL AND METEORO
LOGICAL RECORDS 

8 . 1  Spec ific objec t ives 

( 1) To produce a contour map of the de l ta by comparative inter-

pretation of sma l l- scale aer ia l photographs taken at high and low 

water levels ; 

( 2 )  To ob tain estimates for the major components of the water 

budget of the main water bodies within the de lta,  particu larly inflow, 

outf low, prec ipitation ,  and evaporat ion; and 

( 3 )  To measure the posit ion of the water tab le in se lected 

topographica l locations. 

8 . 2  Progress in 1969 

Progress in thi s  facet of the study was retarded by transportation 

prob lems and manpower limitat ions . 
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A " C lass N 1  evaporation pan and a 7-day recording rain gauge were 

rece ived from the Meteoro logica l Branch, Department of Transport , but 

cou ld not be ins ta l led before the end of the f ie ld season owing to 

_ pressure of other work. Ins ta l lation of stand pipes to monitor water 

tab le changes a lso had to be deferred unt i l  197 0 .  

Reading o f  water leve ls on f ive major lakes i n  the delta in 

re lation to temporary bench marks ,  that were estab l i shed in ear ly July 

1968 , was continued at two-week interva ls from mid-May to mid-August . 

Mechanica l diff icu lties with both airboats prevented readings to be 

carried on beyond that date . 

Fig . 22 shows the seasona l changes in the leve ls of Lake Athabasca , 

Lake C la ire , and Mamawi Lake during the open water season of 1960 and 

for Lake Athabasca in 1968 and 1969 (data from Water Survey of Canada) .  

Fig.  23 shows sea sona l water leve ls for 1968 and 1969 for Lake C laire,  

Mamawi Lake , H i lda Lake , and Richardson Lake . ( Extremely low water 

leve ls prevented continued recording of water leve ls in Bar i l  Lake . )  

The d iagrams show that the mid- summer leve l of Lake Athabasca 

during 1968 and 1969 was approximately 6 feet lower than during the 

corresponding period in 1960. I t  is a lso evident from Figs . 22 and 23 

that r ising water levels from May unt i l  late July or August , typ ica l 

prior to the damming of the Peace River , did not occur during 1968 and 

1969 . Instead , lake leve ls continued to f a l l  throughout the open water 

season of both years .  S ince the recorded leve ls for 1960 and for 

1968-69 are not based on the same datum, abso lute e levations of the 

surfaces of Lake C la ire,  Mamawi Lake, H i lda Lake, and Richardson Lake 

cannot be compared . However , i t  i s  apparent that 1969 leve ls were 

lower than those for the same periods in 1968 . Mamawi and Richardson 
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lakes ,  in particu lar , on 1 July 1969 were about 2 feet lower than in 

the previous year . 

These data indicate that the water regime has been drastica l ly 

a ltered , and that the reduced summer f lows in the Peace River during 

the past two years have had a cumu lative eff�ct in lowering water 

leve ls in the Peace-Athabasca Delta.  I t  i s  anticipated that this 

trend wi l l  cont inue in 197 0 ,  resu l t ing in a substantial decrease in 

area of the shal low de lta lakes .  

8 . 3  P lans for 1970 f i e ld season 

64 

It  is  p lanned to continue monitoring of water leve ls of the major 

de lta lakes from . breakup unt i l  the end of the open water season. During 

the winter of 1970- 7 1 ,  the temporary bench marks w i l l  be related to 

geodetic datum to permit comparison of water leve l changes between 

lakes and a lso with previous data in the f i les of the Water Survey of 

Canada . 

Stand p ipes to measure seasona l f luctuations of ground water 

leve ls wi l l  be instal led a long se lected transects ( see section 6 . 4. 3 ) . 

A meteoro logica l station consisting of evaporating pan, recording 

rain gauge, and wind recorder wi l l  be estab l i shed on the east shore of 

Mamawi Lake. 

Comp lete a ir photo coverage of the de lta at a sca le of 1 inch = 

1 , 000 feet wi l l  be obtained in mid-summer through the Interdepartmenta l 

Commi ttee for Air Surveys .  This photography wi l l  be used for eco l

ogical and contour mapping for the entire de lta area , and in evaluating 

the feasibi l i ty of artificia l ly returning the �elta to its previous 

water regime. 

, 
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