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Abstract

Pristine mountain lake environments in North America are being threatened as a result

of fish stocking. In this report I summarize the extent of fish stocking in Banff National Park

using data from published and unpublished reports. Furthermore, I relate the extent of fish

stocking to the distribution of Hesperodiaptomus. Hesperodiaptomus is a keystone

invertebrate predator of many fishless mountain lakes and is readily eliminated by fish

predation. Because the pre-stocking distribution of Hesperodiaptomus is unknown, I predicted

its natural distribution from a probabilistic modeL The model predicts that the probability of

Hesperodiaptomus presence significantly increases as lake elevation increases. Out of an

estimated 486 lakes and ponds in Banff National Park, 119 (24 %) have been stocked at least

once with fish. The majority of the stocked lakes (84 %) were naturally fishless. Predicted

effects of fish stocking on Hesperodiaptomus populations are variable. In several larger

deeper lakes stocked fish did not eliminate Hesperodiaptomus, likely due to the existence of

prey refugia. However, both historical records and predicted distributions indicate that

Hesperodiaptomus was likely eliminated from a quarter of the stocked fishless lakes. At least

363 lakes in Banff National Park (75 %) remain in a pristine condition, and over 144 of these

have a greater than 70 % chance of Hesperodiaptomus populations being present. Therefore,

pristine mountiain lake communities dominated by Hesperodiaptomus are likely not threatened

in Banff National Park. However, other lake communities may be threatened, most notably

pristine lakes with native fish populations. Only 6 of these lakes remain in the park. Finally,

several recommendations are presented including protection of rare ecosystems, increased

emphasis on collecting current information from park lakes, and possible rehabilitative

measures for some stocked lakes.
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Introduction

The stocking of mountain lakes with fish in the western United States and Canada has

been recorded since the early part of the 20th century (Donald 1987; Bahls 1992; Liss &

Larson 1991). Stocking efforts in the US mountain lakes have threatened the existence of

pristine (unmanipulated) lakes (Bahls 1992). It is estimated only 5% of these US lakes (>3 m

in depth and >2 ha in area) remain in a pristine condition (Bahls 1992). Although stocking

efforts in seven western Canadian mountain national parks (Banff, Jasper, Waterton Lakes,

Yoho, Kootenay, Glacier, and Mt. Revelstoke) have not been as intense as in the US, an

estimated 20% of the lakes in these parks have been stocked with fish (Donald 1987).

The stocking of Canadian mountain national park lakes may have resulted in the

extirpation of indigenous fish and invertebrates (Anderson 1972; Paul 1994; Schindler et al. in

review). In some lakes, where introduced fish did not successfully colonize, extirpated

invertebrates remain absent years after fish disappeared (Paul and Schindler in press). For

example, in two mountain lakes (Snowflake and Bighorn, Banff National Park) the large

predatory zooplankton Hesperodiaptomus (~3 mm in length) was rapidly eliminated by fish

predation following stocking (Anderson 1972). Hesperodiaptomus has not naturally

recolonized either lake, even though fish likely did not reproduce and disappeared from both

lakes by the early 1980's (Paul and Schindler in press).

Large predatory zooplankton are important in determining community structure in

mountain lakes (Dodson 1974; Paul & Schindler in press). Hesperodiaptomus is the top

predator in many fishless lakes in the Canadian Rocky mountains (Anderson 1974; Paul and

Schindler in press); and, can regulate the abundance of its prey (small zooplankton) directly
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and lower trophic levels (algae) indirectly (Paul and Schindler in press; Paul 1994; Schindler

et al. in review). Therefore, removal of Hesperodiaptomus from a community will result in

long-term changes in its food web (Paul & Schindler in press; Paul 1994).

The preservation of pristine (unmanipulated) mountain lakes is important because of

both their rarity (Bahls 1992) and the long-term implications fish stocking can have on these

aquatic communities (Schindler et al. in review; Paul 1994). Maintaining pristine ecosystems

unimpaired for future generations has been recognized by the Canadian Park Service as a

primary objective. However, before we can protect pristine ecosystems we must first

establish where they exist. The objective of this study was to determine the extent past fish

management strategies in Banff National Park (BNP) have threatened pristine lake

ecosystems.

The second objective of the study was to determine the extent to which

Hesperodiaptomus has been affected by fish stocking. First, Hesperodiaptomus is the most

common planktonic species in Canadian Rocky Mountain lakes. Second, it is readily

eliminated following fish stocking; and finally, its removal can have long term implications

on an aquatic food web. Since most lakes in BNP were not sampled for native zooplankton

species prior to fish stocking, the pre-stocking distribution of Hesperodiaptomus needed to be

predicted.

Hesperodiaptomus are restricted to lakes at higher elevations in the Canadian Rocky

Mountains. Previous work has shown that H. arcticus and H. shoshone are present in lakes

greater than 1800 m in elevation (Anderson 1974; Maly & van Leeuwen 1988). Therefore,

an empirical model predicting the presence or absence of Hesperodiaptomus based on lake
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elevation was developed. This predictive model could then be used to determine the

probability Hesperodiaptomus was present in a lake prior to fish stocking.

The objectives of the study were answered using existing biological and physical data

of lakes in BNP from published reports (Anderson 1974), unpublished reports (Ward 1974;

Anderson and Donald 1978a, 1978b; Hurd 1992) and data gathered between 1991-1993 (Paul

1994). Physical information (area and elevation) for lakes or ponds not present in any of

these reports was obtained using remotely sensed data (satellite images) and a digital

elevation model (DEM). Satellite imagery and the DEM were analyzed using the geographic

information system IDRISI (1993).

Methods

Geographic Database

The location of lakes in BNP were acquired from the master lake maps of Ward

(1974). Ward (1974) produced these maps using both 1:50000 topographic maps and aerial
\

photographs. Five additional lakes reported in Anderson (1974), but not Ward 1974, were

also added. I digitized the master lake maps for BNP to produce a digital map (UTM

referenced) with lakes encoded by their given lake number (Ward 1974; Anderson 1974).

Banff townsite and major rivers were also digitized onto this map. The root mean square

error (RMS) of the digitized map was 342 m only slightly greater than the allowable RMS

error of 325 m (based on USGS standards and the original map scale).

Landsat thematic mapper (TM) images were used to both confirm the number of lakes

from Ward (1974) and to determine lake areas. The Landsat TM records visible and near-
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infared reflectance values of the earth's surface with a resolution of 30 m X 30 m. The

process of identifying land features from raw satellite images is termed classification.

Because water absorbs infared radiation compared to most terrestrial objects, lakes can be

easily classified in Landsat TM images provided they are greater than 30 m X 30 m in size

and the area of interest is not shaded from the sun. Rivers and streams, in many cases, can

be seperated from lakes because: their width is less than 30 m so they are not recorded on the

image; they are shallow and infared radiation is reflected from the river surface; or, they

transport sediments which reflect infared radiation.

A single mosaiced, registered and classified Landsat TM image was obtained from the

warden service of BNP; the image showed locations and size of water bodies in Banff. The

original unclassified Landsat TM image was acquired by satellite on September 25, 1987.

The digitized lake map (from Ward 1974) was then registered to the satellite image using the

grid-based geographic information system IDRISI (1993). The map was registered using a

quadratic function with 17 landmarks. Lake areas were calculated using the classified

satellite image, the digitized lake map and IDRISI (1993).

A digital elevation model (DEM) was used to determine lake elevations. The DEM

was obtained from the warden service of BNP. Since, the DEM and the satellite image were

previously registered the digitized lake map did not have to be registered again to the DEM.

Lake elevations were extracted using the DEM, the digitized lake map and IDRISI (1993).
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Lake Database

A database of lakes in BNP was constructed using previously collected data (Anderson

1974; Ward 1974; Anderson and Donald 1978a, 1978b; Hurd 1992; D.W. Schindler unpubL

data, Dept. of Biology, University of Alberta, T6G 2E1) and data obtained from digital

images as discussed above. A record of native fishes, stocked fishes and stocking history

(Ward 1974; Hurd 1992) was included in the database.

Hesperodiaptomus Distribution Model

Elevation, area, maximum measured depth and presence/absence of Hesperodiaptomus

arcticus or H. shoshone was gathered for 301 lakes in the Canadian mountain national parks

(Jasper, Banff, Yoho, Kootenay, Revelstoke, Glacier and Waterton) from Anderson (1974). I

also recorded whether fish had been present in these lake using data from Ward (1974).

Maximum likelihood logistic regression (Reckhow et aL 1987; Paul & Schindler in

press) was used to predict the probability of Hesperodiaptomus arcticus or H. shoshone being

present as a function of lake elevation. Parameters from the regression analysis were fit to

the logistic model:

P{ ) = 1
Y l+e-(a+b(x))

(1)

where P(y) is the probability that Hesperodiaptomus is present, x is lake elevation, a is the

intercept and b the slope. The model was fit using SAS (1988) and the validity of the model

tested using a X2 goodness-of-fit (SAS 1988). The logistic model was then be used to predict

the probability of Hesperodiaptomus being present in a lake.
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Results and Discussion

Distribution of Lakes in BNP

Ward (1974) combined with Anderson (1974) identify a total of 486 lakes in BNP

(Fig. 1). This agrees strongly with the Landsat TM classified image for BNP which showed

503 lakes. The slightly greater number of lakes identified in the satellite image can be

partially attributed to the misclassification of portions of the North Saskatchewan and Bow

rivers as lakes. This misclassification likely occured because both rivers are deep, greater

than 30 m in width, and the time the image was acquired (late September) would be when

sediment loads (which reflect infared radiation) are at a minimum. For this study we will use

the estimate of 486 lakes in Banff National Park obtained from 1:50 000 maps and aerial

photographs (Ward 1974; Anderson 1974).

The vast majority of lakes in BNP 94 % (457) were naturally fishless (Fig. 2). Native

fishes were present in only 5 % (25) of the lakes in BNP (Fig. 2). The absence of fish in

most of the lakes in BNP is likely due to the presence of obstacles preventing their

immigration, environmental conditions associated with lake altitude, and the lack of suitable

spawning sites (Donald 1987).

Extent of Past Stocking in BNP

Of the 486 lakes in BNP 24 % (119) have been stocked with fish (Fig. 2). The

species stocked singly or in combination were rainbow trout (Oncorynchus mykiss), cutthroat

trout (Oncoryhnchus clarki), brook trout (Salvelinus fontinalis), lake trout (Salvelinus

namaysuch), Splake (brook trout + lake trout), or Atlantic salmon (Salmo salar; Donald
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1987). Native fishes were present in 16 % (19) of the lakes stocked while the remaining 84

% (100) were naturally fishless (Fig. 2). Three lakes (Mystic, Elk and Trident) have native

fish populations but uncertain stocking histories; and, one lake (Sawback) has a cutthroat trout

population that may be native or stocked (Hurd 1992). In the absence of historical records,

genetic analysis and palelimnology will likely provide the best answers to the stocking

histories of these 4 lakes (Allendorf and Leary 1988; Leavitt et al. in press; Lamontagne

1993).

The number of lakes in BNP that remain unstocked (pristine) is 363 (75 %; Fig. 2).

Only 6 of these 363 lakes have native fish populations (Fig. 2). The pristine lakes with

native fish populations are Harrsion (bull trout), Fish #1 (cutthroat trout), Fish #2 (cutthroat

trout), Clearwater (lake trout, bull trout and rocky mountain whitefish), Glacier (lake trout,

bull trout and rocky mountain whitefish) and Alexandra pond (lake trout, bull trout and rocky

mountain whitefish). The remaining 357 pristine lakes are naturally fishless (Fig. 2).

Hesperodiaptomus Distribution Model

Hesperodiaptomus in the Canadian Rocky Mountains are generally present in lakes

greater than 1800 m in elevation and without fish (Anderson 1974; Maly & van Leeuwen

1988; Fig. 3). In agreement with Donald et al. (in press), lakes that have both fish and

Hesperodiaptomus are greater than 10 ha in area and deeper than 10 m (Fig. 3). Since, fish

concentrate their feeding at the surface and along the shoreline (Donald et al. in press), the

coexistence of fish and Hesperodiaptomus in these lakes is likely facilatated by a deep

offshore refugia for the prey.
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The logistic regression model predicted that the probability of Hesperodiaptomus

occuring in a lake increases as lake elevation increases. Parameters for the model (equation

1) were significant (Table 1). Therefore, we can predict a probability of occurence for

Hesperodiaptomus based on a lake's elevation.

Estimated Lake Elevations and Areas

A large RMS error (315 m) was associated with the registration of the digitized lake

map to either the satellite image or DEM. This error was present because of the small scale

of the master maps (Ward 1974) that were digitized. An overlay of the digitized maps (lakes,

major rivers, Banff townsite and park boundary) onto the DEM reveals that the largest error

was associated with the northern and eastern most portions of the park (Fig. 4). However,

most areas of the park show a good registration, as can be seen by the rivers following their

respective valleys.

Because of the large RMS error between the registered maps, I compared whether

elevations and areas estimated from the DEM and satellite image were statistically different

from values previously measured by Anderson (1974). Predicted elevations were not

significantly different from elevations of previously surveyed lakes (Wilcoxon signed rank

test, N=77, P > 0.07; Fig. 5). However, predicted areas were significantly lower than

previously measured lake areas (Wilcoxon signed rank test, N=25, P = 0.001; Fig. 6). The

significant difference in areas (and not elevation) is likely a result of error propogation in the

origianl measurement of lake areas (likely by planimetry), the resolution of the satellite image
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Table 1 - Logistic regression estimates and X2 statistics from the presence/absence of

Hesperodiaptomus as a function of lake elevation. The parameters a and b are from equation

1.

PARAMETER

a

b

ESTIMATE

-7.3524

0.00368

17

64.62

64.52

P

<0.0001
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(square pixels), and the classification of the satellite image (shoreline regions are often

misclassified as being terrestrial).

Extent ofFish Stocking on the Distribution of Hesperodiaptomus in Fishless Lakes

Of the 100 fishless lakes stocked in BNP (Fig. 2), only 3 (Bighorn, Snowflake and

Pipit) had known pre-stocking zooplankton communities (Anderson 1972). Post-stocking

zooplankton communities are known for 47 of the 100 lakes (Fig. 7), while post-stocking

zooplankton composition is unknown for the remaining 53 (Appendix A; Fig. 7).

Roughly half (24) of the 47 lakes surveyed for zooplantkon following fish stocking do

not have populations of Hesperodiaptomus (Appendix B; Fig. 7). Thirteen of these lakes are

at lower elevations and subsequently have low probabilities « 45 %) of Hesperodiaptomus

being present prior to fish stocking (Appendix B). However, 11 of the 47 surveyed lakes (23

%) have high probabilities (>45%) of Hesperodiaptomus being present prior to stocking but

not afterwards. Furthermore, 9 of these 11 lakes are less than 16 ha in area and less than 16

m in maximum depth (Appendix B). Fish are likely to have had the greatest impact on

Hesperodiaptomus in these smaller shallower lakes because deep offshore refugia did not exist

for the prey (Donald et al. in press). In fact, Snowflake and Bighorn lakes (included in these

9 lakes) are known to have had Hesperodiaptomus prior to fish stocking (Anderson 1972) but

not after. Hesperodiaptomus has not naturally recolonized either lake at present (Paul and

Schindler in press; Paul 1994). The inability for Hesperodiaptomus to recolonize these lakes

may be due to the increase in predacious cyclopoid copepods following fish stocking

(Anderson 1972). These cylopoid copepods can prey on the juvenille stages of

Hesperodiaptomus and may prevent them from successfully recolonizing (Anderson 1970,

24





Lakes and Ponds in Banff National Park
+ - Lakes or ponds < 11 ha
0_ Lakes > 11 ha

ii, /"'\'-('\/"""'"

<: 'I: r>\
....".....,: ... ~•.........,•... \

",-c, o" " + .

."

Stocked, No Natives
& Zooplankton UnknoVvf1

'\''':':'" n= 53
~..-' ::

: .

Stocked, No Natives
& No Hesperodiaptomus

:1,-.:·:":>·······\ n= 24
' ..

" "';

.....

.... ~ (

\. ~L,
." .....,

-, .' ....\. ....-,:

Stocked, No NatiVe~"~' Unstocked &He;'jro-
Hesperodiaptomus present diaptomus present

.::,;' .
.:::>':.::. n= 23 .,:. n= 11

1-'01~,\~/
':" ... ;\.... ::.:..:..:'..,.. ,;;)~

.'} + '\\}
" ...........• .



Leavitt et al. in press). Alternately, Hesperodiaptomus colonization in alpine lakes may be a

rare chance event (Paul 1994).

Hesperodiaptomus are currently present in 23 (49 %) of the 47 surveyed lakes

(Appendix C; Fig. 7). All of these lakes, except Brachipod and Upper Dolomite ponds, are

either greater than 10 m in depth, greater than 10 ha in area or both (Appendix C). The

survival of Hesperodiaptomus following fish stocking in these larger lakes was likely a

function of deep offshore refugia (Donald et al. in press). The presence of Hesperodiaptomus

in the two small shallow ponds (Brachipod and U. Dolomite ponds; Appendix C) needs to be

studied further. These two populations may have survived as a result of rapid winter kills to

the stocked fish or they may have recolonized as other predacious cyclopoids may not inhabit

these pond environments.

Only 11 unstocked (pristine) lakes in BNP are known to have Hesperodiaptomus

(Appendix D; Fig. 7). This low number is a function of the number of pristine lakes in BNP

(95 %) that have not been surveyed for zooplankton (Fig. 8). Using our logistic regression

model and lake elevations, 253 (73 %) of the 345 unsurveyed prisitne lakes have a > 50 %

chance of having Hesperodiaptomus present (Fig. 8). Furthermore, 144 (42 %) of the 345

lakes have a > 70 % chance of having Hesperodiaptomus present (Fig. 8). Clearly, the

number of pristine lakes in BNP that likely have Heseperodiaptomus as the top open water

predator is high. However, this prediction must be confirmed by future sampling of

unsurveyed lakes.
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Recommendations

The recommendations that follow are designed to promote the Canadian Park Service's

(CPS) mandate to maintain pristine ecosystems for future generations. However, it is of

interest that some of the following recommendations are currently in practice in areas of the

western United States, primarily due to the forward thinking of regional fishery managers

(Bahls 1992). These managers often do not operate under such a clear manadate as the CPS

but rather a dual (and ambiguous) mandate of enhancing consumptive fisheries while

maintaining ecosystem integrity.

1.) Insure that all pristine lakes remain unimpaired for the future. Future stocking in

BNP should be with native stocks and in cases were native populations are threatened.

The remaining 6 pristine lakes with native fish populations (Harrison, Clearwater, Fish

#1, Fish #2, Glacier and Alexandra Pond) should be given special priority to maintain

these populations (e.g. catch & release or complete closures).

2.) Increase effort in surveying both sampled and unsampled lakes. Lake surveys

should include sampling for fish, invertebrates, algae and nutrients. Most of these

lakes need only be sampled once during the mid-summer to give presence/absence

data for most fish and invertebrate species (Sprules and Bowerman 1988). However,

several representative lakes should be sampled frequently (biweekly) each year

throughout the ice-free season. These long-term records can provide useful

information on the effects of global conditions (e.g. airborne pollutants, climate

change) on lakes in BNP.
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3.) Investigate the use of management techniques to reestablish pristine communities.

For example, Hesperodiaptomus arcticus has been experimentally re-introduced into

Snowflake Lake in both enclosures and the whole lake (Paul and Schindler in press;

Paul 1994; D.W. Schindler, unpubl. data, Dept. of Biology, University of Alberta, T6G

2E9). Results from the enclosure experiments indicate that the reintroduction of

Hesperodiaptomus is necessary to return the community to pre-stocking conditions

(Paul and Schindler in press; Paul 1994). Results from the whole lake manipulation

should be available within the next few years. Another management strategy would be

to allow consumptive fisheries for non-native species only. This would alleviate strain

on native fish stocks while reducing non-native populations within the park.

4.) Develop suitable techniques to assess past community structure (presence/absence

of Hesperodiaptomus or fish) in lakes where pre-stocking records do not exist.

Paleolimnology, which is the analysis of lake sediments to reconstruct historical

communities, should be investigated further in alpine lakes (Leavitt et al. in press;

Lamontagne 1993; Paul 1994).
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Appendix A- Lakes in Banff National Park which were stocked, had no native fish and
zooplankton composition is unknown. The probability of Hesperodiaptomus being present is
given (Prob.). Probabilities were estimated using the logistic regression equation (eqn. 1) and
lake altitude as the independent variable. In cases where altitude had not been previously
measured it was estimated using the DEM (see text).

Lake# Lake Estimated Estimated Prob.
Elevation Area

3 BELGIUM 2133 0.0 0.62

20 TERRAPIN 1972 2.6 0.48

21 GLORIA 1981 42.6 0.48

27 ALLENBY 2260 0.0 0.72

34 FATIGUE 2777 0.0 0.95

37 CITADEL 2337 0.0 0.78

39 HOWARD 2286 0.0 0.74

41 HEALY 1 0 0.0 0.00

42 HEALY 2 0 0.0 0.00

46 SHADOW 1914 39.5 0.42

47 HAJDUK 2104 7.2 0.60

48 SPHINX 2133 0.0 0.62

51 EGYPT 2060 10.3 0.56

81 UPPER TWIN 2075 12.8 0.57

84 ALTRUDE2 0 0.0 0.00

86 BOOM 1951 73.8 0.46

102 LUELLEN 1909 55.9 0.42

112 FORTYMILE 2264 0.0 0.73

114 RAINBOW 2419 0.0 0.82

115 BOULDER 2637 0.0 0.91

132 BLOCK 1 2286 0.0 0.74

133 BLOCK 2 2133 0.0 0.62

144 BADGER 2145 0.0 0.63

175 MINEWAKUN 2134 0.0 0.62

191 MERLIN 2496 0.0 0.86

193 CASTILLEJA 2455 0.0 0.84

194 ZIGADENUS 2404 0.0 0.82

196 MYOSOTIS 2467 0.0 0.85

202 OYSTER 2590 0.0 0.90
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Lake Lake Estimated Estimated Frob.
# Elevation Area

212 DOUGLAS 1962 80.0 0.47

258 BEAU 2156 0.0 0.64

260 RED DEER L 2217 0.0 0.69

261 RED DEER U 2086 0.0 0.58

271 MARGARET 1819 0.0 0.34

280 MARY 2096 0.0 0.59

303 MOSQUITO 2435 0.0 0.83

318 PIPESTONE 2023 0.0 0.52

351 MARTIN 1890 31.3 0.40

358 DEVONU 2286 9.7 0.74

359 DEVONL 2134 23.1 0.62

383 PEYTO 1818 1.0 0.34

390 ISABELLA 1837 26.2 0.36

408 DAVID 2357 0.0 0.79

413 LAGOON 1524 0.0 0.15

416 CHEPHREN 1697 0.0 0.25

420 TOTEM 2925 0.0 0.97

436 WATCHMAN 0 0.0 0.00

458 WARDENL 1501 0.0 0.14

469 SUNWAPTA 2133 0.0 0.62

476 STONEY CREEK 1798 0.0 0.32

477 GOAT'S EYE 0 0.0 0.00

478 ALTRUDE 3 1675 0.0 0.23

479 STENTON P 1597 0.0 0.19

*- Estimated areas and altitudes were obtained using satellite imagery and aDEM,
respectively, for Banff National Park (see text).
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Appendix B- Lakes and ponds in Banff National Park which were stocked, had no natives and
Hesperodiaptomus was not present after stocking. The predicted probability of
Hesperodiaptomus being present before stocking is given (Prob.). Probabilities were
estimated using the logistic regression equation (eqn. 1) and lake altitude as the independent
variable.

Lake Elevation Area Zmax Prob.
# Lake Name (m) (ha) (m)

73 JOHNSON 1402 12.0 3.5 0.10

78 COPPER 1434 1.5 9.0 0.11

79 SMITH 1560 3.0 9.7 0.17

85 ALTRUDE 1 1628 3.0 6.1 0.20

91 L. CONSOLATION 1951 14.5 11.3 0.46

92 U. CONSOLATION 1951 10.7 16.2 0.46

165 ISLAND 1573 12.5 5.0 0.17

167 KINGFISHER 1550 1.0 7.2 0.16

169 MUD 1610 6.0 6.0 0.19

170 TEMPLE 2179 3.1 14.0 0.66

174 AGNES 2117 6.0 20.5 0.61

180 LOST 1723 1.6 5.5 0.27

182 HERBERT 1615 5.7 13.3 0.20

184 L. HERBERT 1577 0.3 8.2 0.18

192 HIDDEN 2278 11.0 32.3 0.74

199 L. BAKER 2240 2.0 5.0 0.71

201 TILTED 2200 3.0 8.0 0.68

233 BIGHORN 2347 2.2 9.2 0.78

242 SNOWFLAKE 2320 7.1 13.0 0.77

283 HELEN 2347 2.6 12.0 0.78

419 U. WATERFOWL 1670 48.0 4.7 0.23

457 U. WARDEN 1400 6.0 2.2 0.10

461 NORMAN 1968 1.5 5.0 0.47

475 PILOT 1408 2.8 7.5 0.10

*- ~ax represents the maximum measured depth
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Appendix C- Lakes and ponds in Banff National Park which were stocked, had no natives and
Hesperodiaptomus was present after stocking. The predicted probability of Hesperodiaptomus
being present is given (Prob.). Probabilities were estimated using the logistic regression
equation (eqn. 1) and lake altitude as the independent variable.

Lake Elevation Area z.,*
# Lake Name (m) (ha) (m) Prob.

5 LEMAN 1945 47.0 29.0 0.45

10 OWL 1881 34.0 23.5 0.39

44 MUMMY 2230 19.0 24.0 0.70

45 SCARAB 2140 28.0 52.0 0.63

49 BLACK ROCK 2200 5.7 23.0 0.68

50 PHAROAH 2110 7.7 18.0 0.60

56 BORGEAU 2145 5.0 31.0 0.63

82 ARNICA 2152 5.0 15.5 0.64

94 TAYLOR 2057 27.0 43.9 0.55

101 ROCKBOUND 2202 33.0 16.0 0.68

171 ANNETTE 1965 4.8 13.0 0.47

195 PTARMIGAN 2324 28.0 22.0 0.77

197 REDOUBT 2383 22.0 9.0 0.80

198 BAKER 2207 34.0 11.0 0.68

200 BRACHIOPOD 2270 1.2 3.0 0.73

244 PIPIT 2217 10.6 20.6 0.69

249 HORSESHOE 1857 38.0 15.0 0.37

272 TURQUOISE 2149 21.0 0.0 0.64

288 KATHERINE 2370 11.0 11.0 0.80

290 DOLOMITE U 2385 1.0 3.0 0.81

386 MISTAYA 1667 130.0 28.0 0.23

417 WATERFOWL 1670 48.0 4.7 0.23

418 CIRQUE 1786 43.0 32.0 0.31

*- ~ax represents the maximum measured depth
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Appendix D- Lakes and ponds in Banff National Park that are unstocked and
Hesperodiaptomus is present. The predicted probability of Hesperodiaptomus being present is
given (Prob.). Probabilities were estimated using the logistic regression equation (eqn. 1) and
lake altitude as the independent variable. In cases where altitude had not been previously
measured it was estimated using the DEM (see methods).

Lake Elevation Estimated Area Zmax
# Lake Name (m) Elevation (ha) (m) Prob.

88 SENTINEL 2424 2.4 6.7 0.83
87 EIFFEL 2249 7.8 13.5 0.72
96 O'BRIEN 2118 4.6 20.7 0.61
124 CASCADE 2332 7.7 10.0 0.77
142 GOAT 2438 0.83
229 CRESCENT 2204 4.0 5.5 0.68
230 LOST HORSE 2323 4.0 7.0 0.77
254 DRUMMOND 2362 0.79

336 ANDERSON 1934 18.5 0.44
341 LOWER DIVIDE 2346 0.78
500 L. BIGHORN 2420 0.8 8.0 0.83

*- Zmax represents the maximum measured depth
**- Estimated areas and altitudes were obtained using satellite imagery and aDEM,
respectively, for Banff National Park (see text).
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