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Abstract:

Selected waters from the high alpine zone within Grand Teton National Park, Wyoming, were studied
during the past four summers to determine the influence of various factors on the quality of these
waters. The water samples collected were analyzed for populations of indicator bacteria. Water that
originated in remote areas contained some indicator bacteria and these populations increased as the
water flowed toward the valley. In general, the magnitude of this increase was not significantly
influenced by the presence or absence of human visitors but, rather, by the nature of the biological
community through which the streams flowed. It was determined that it is possible for coliforms of the
non-fecal type to grow and multiply in alpine streams using extracellular products excreted by algae
but it was not determined to what extent (if any) this occurs in Grand Teton National Park. Once in the
valley lakes, the indicator bacteria declined to very low levels. A minority of the coliforms that were
recovered from all of the sites proved to be fecal coliforms. The fecal streptococci isolated were
identified as the species that were found primarily in the fecal material of the native rodent and moose
populations. It is concluded that management questions that relate to the carrying capacity of alpine
areas should be approached with the aid of other biological parameters along with levels of indicator
bacteria in the streams.
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ABSTRACT

Selected waters from the high alpine zone within
Grand Teton National Park, Wyoming, were studied during
the past four summers to determine the influence of various
factors on the quality of these waters. The water samples
collected were analyzed for populations of indicator bac-
teria.. Water that originated in remote areas contained.
some indicator bacteria and these populations increased as
the water flowed toward the valley.. In general, the mag-
nitude -of this increase was not significantly influenced
by the presence or absence of human visitors but, rather,
by the nature of the biological community through which
the streams flowed. It was determined that it is possible
for coliforms of the non-fecal type to grow and multiply
in alpine streams using extracellular products excreted by
algae but it was not determined to what extent (if any)
this occurs in Grand Teton National Park. Once in the wval-
ley lakes, the indicator bacteria declined to very low
levels. A minority of the coliforms that were recovered
from all of the sites proved to be fecal coliforms. The
fecal streptococci isolated were identified as the species
that were found primarily in the fecal material of the
.native rodent and moose populations. It is concluded that
- management questions that relate to the carrying capacity
of alpine areas should be approached with the aid of other
biological parameters along with levels of indicator bac-
teria in the streams. '




INTRODUCTION

Water originating in the high aplihe zone contributes
-significantly to the water supply for much of the western
part of the nation. In the past, this.alpine zone has Eeen
visited by relatively few people. ' However, the quality of
water in high-elevation mountain areas is becoming an in-
creasingly important consideration-to agencies sﬁch as the
National Park Servicé_énd-the'U.S. Forest Service who have
expressed concern both for the possible public health con-
- sequences of drinking untreated "pure mountain stream"
water, and for eéological consequences of nutrient addi-
tions. This increased concern over the water quality bf.
hiqh-elevation méuntain areas ié'ﬁartly due to the in-
creasing numbers of people who visit these areas each year.
Significant increases in wilderness-related oﬁtdoor
recreation have taken place and continue to do so at a
rapid rate. Barbaro et al. (4) repért a seven percent in—i
crease per yeér over the last decade. 1In effect, the move-
ment of large numﬁérs of people eééh summer from metropol-
itan centers to remote regions in £he western United States
represents periodic, seasonal urbanization of many National
Parks and forests. Grand Teton Natidnal Park is such an

area where in 1975, 2,549,030 péople visited the park with
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‘approximately 32;045 of these people traveling to the al-
pine'back—country within the park boundaries. With this
substantial use of park facilities there is growing concern’
over the impact of visitor use on the aesthetic and wilder-
ness values, campsite deterioration, and éarticularly the
lowering of water quality. Any of these adverse impacté
could irrevocably damage the unique éualities_of'suchareas;
The drinking water used by these park visitors origi-
natésvin the back—counﬁy whére summer visitor use is heavy
and sanitary facilities are limited or non-existent. - Visi—
tors also contribute to the natural nutrient bﬁdget of the
- lakes and streams by addition of sanitary‘ﬁastes, outboard
motor wastes, detergents and solid wastes. 1In 1969, for
example, solid wastes left behind by recreational users of
‘the Bounddry Waters Canoe Area in Minnesota, totaled an
.estimatéﬁ 163,440 Kg (360,000 1b) (44). Acéofdihglto Barton
(5), this ié eéuivalept to the addition of 1 ton of phos-
phates and 13'tons of'nitrogen to'thése waters. - In addi-
tion, heavyhcampsite use may accelérate soil erosion
through deterioration of vegetation and compaction, which
will further increase nutrient contributions to the waters.
These observations point to the importance of understanding

man's impact on the natural quality of waters within
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~wilderness areas and théir saftey for human use both in the
rémotelbaék country and the more pépulated édjoihing land.
Grand Teton National Park provides a unique opportunity
té_study'the impact of various recreational uses on water
quality, since the water from the high mountain elevations
can be followed as it is exposed to a succession pf recre-
atioﬁal influences, as shown below.

1. Mountain climbing. Many of the highest and most

remote aipine areas in the park are used primarily
by mQuntain climbers for both day and over night
activities. This form of recreation influences the
quality éf the water as it originates as snowmelt
iﬁ the uppermost areas of thé-alpine country. .

2. Backpacking and day hiking. As the streams flow

toward thé valley they becomée more.accessible'by
trails and as a.consequence are more heavily used
than the more remote‘streams. The use of the
streams in these areas vary from consumption as"
drinking water to fishing énd bathing by some hikers
and back packeré. In the present investigation, the
impact 6f these forms of recréation on water quality

was studied.
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3.. Horse-back riding. TraiLS‘élong the lower reaches

of some streams within the park are heavily used by
horses. Data obtained from streams above and below
this activity will reflect the influence of this use

on the quality of water.

4. Swimming, fishing and boating. The lakes and -
streams iocated in the valley floof of Grand Teton -
National Park, which coliect water from £hé higher,
more remote'aréas, are used for such activities as
fishing, swimming and,redreational boating includ-
ing‘bdth motorized and'non—motorized crafts. The
-ﬁalley fldqr"is.aiso the'location of hodsing for
seasonal and pérmanent pafk éﬁployees and concésf
:sionaifeé who operate climbing schools, boat tours;
horse rides aha general étofés. Data obtained
from waters in these areas will reflect the influ-
ence of such aétivities.oh the qﬁality of the
water within thé valley floqr;

',Aﬁothe? desirablenand unique quélity proVided by Grahd
Teton National Parklis that the high’alpiné zone is a fel—
afively Simple'eCGsystem whenlcompaféd'with those of the
lower wodded areas. Of particular importance in the high

alpine zone is the lack of the topsoil component which
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normally serves as a biological and physical filter to re-
duce or-eliminate the . quantity of fecal pollutants which

reach the water course. This observation suggests that the

high alpine zone is more fragile ahd can, therefore, suc-

cessfully w1thstand less human v151tatlon before water

'-quallty deterlorates ‘and become a publlc health hazard.

This 51mp11f1ed ecosystem alsovmakes it easier to study

'~ the effectsof the surrounding ecosystem on the types.and'

occurrence patterns of bacterial flora of sanitary.impor-
tance found in high alpine waters;'

Because of the need to study the quality of water

_originating in the high alpine zone and because of the

unique'and-desirable-study situations. provided by Grand

. Teton National Park.the‘present study was carried out on

streams'and laheS'uithin that particular park. Drainages
Qere 1nvest1gated that allowed the comparlson of high al-
pine areas exposed to intensive recreatlonal use with those'
hav1ng little or no human act1v1ty._ This study also pro-
vided the opportunlty-to follow waterborne bacterlal micro-

flora from the source of the streams in the high‘alpine

'zone and observe changes in this population as the waters
progressed toward the valley floor pa551ng through biologi-

‘cal communities of 1ncrea51ng complex1ty.




The

(1)

(2)

(3)

(4)

objeétives'of this study were:
To determine the tyées'and occurrencé patferﬂé '
of the bacterial flora of‘sanitary'iﬁportance 
in a high alpine water supply.

To evaluate the impact of yarious reCreational_
activities on the indicator bacteriél.floralof
a{high alpine water supély. | ’
Td:détérmine the effects of the,suf;oqnding
ecosjsfeﬁldn the bacte;iplogical water quality.
To.prbvide a basis rélative to water quality
and uéefu;ness of indicat@r.bacteria, for the
management.of varidué areas within Grand Teton

National Park.




LITERATURE REVIEW

Effects of Recreational Use on
Water Quality

In recent_years a number of studies have been made to
determine the nature and extent of water'quality changes in
mountain streamsyresulting from reereational use. While
water‘quaiity deterioration has been observed, the results
ef most studies‘dndicate that there is little correlation
between the quantity of pollution and ‘the extent-efnrecref
atienal use; Benedett1 (10) in anjinvestigation of the
effects of recreatlonal use on mun1c1pal watersheds in the
Pacific Northwest determined that there was very little
change in the water quallty w1th recreation. The most
s1gn1f1cant effect of recreation was found to be the’ dlS-
ruption of soil and vegetation around the water causing
.heavier contamination during times of runoff. Carsweil et
al. (14)found that- there was llttle or no deterioration of
" water quallty in five separate watersheds as a result of
recreation permitted on streams and reservoirs thmunicipai‘
watersheds;‘ It'was concluded that the effeets of recre-
ation on aesthetics, damage to facilities, complieations in
.administration_of public property, and political and socio-
,legical impacts were of éreater significance than the‘ef~

fects of recreation on water quality.
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Iﬁ an'exténsive sfudy of the chemical and bacferiolog—
- ical analysié'of‘three mountain wafersheés in Oregon-énd
.Washington, by Lee et al. (48), it was 'shown that there'was;
no'significant differences between the effects of a heavily
ﬁsed recreational area on water quality as compéred wi£h the
. effects .of lightly used and cloged watersheds. It was con-
cluded thét recreational use of an area is not always'fol—.
lowed by high coliform counts. Also, it was determined
that wild animal populations were responsiblé for most of
the indicator organism densities, particularly at low
levels of stream flow (48;61L In a similar study carried
out in the Bozeman Creek-Watershed, which was closed to
public eﬁtry from 1917 to 1970, while the adjacent Hyalité
Wafershed was developed during this period by the Forest .
Service for'public use, a significant difference in the
quality of the water was foﬁnd between the two areas'(ll,ﬁq
65). In this study, the open watershed consistently pro-
. duced water of.a higher quality than did the closed water-
shed over a six~year périod. Evén the highest, most undis;-
turbed.streams in the closed_Wateréhed had coiiform counts
exceeding stéie criteria for "A-Closed" municipal water
supplies (30). It was also believed.that the large popu-

lation of‘big game animals in the closed area contributed
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to this obser&ed lower water quality (60). Van Nierop (64)
has shown that, with proper practices being observed, pub-
lic uses of reservoirs and municipal watersheds such as

_ logging, fishing, boating, etc., can be permittéd without
detriﬁental effects on water quality.

'.In studying the Boundary Waters Canoe Area of Min-
nesota, Barton (5) observed that there were some serious
water quality problems attributed fé recreational use. It
was estiﬁated fhat recreational visitors contributed ap-
proximately 9 tons NaCl, 1 ton phosphorus and 13 tons ni-
trogen to the waters of this remote area in one year. King
and Méce (44) also conducted investigations into the ef=-
fects of recreation on water quality of lakes in the Boun-
dary Waters Canoe Area. Of the parameters measured, total
coliform populations and available phosphate concentrations
seemed to be affected by recreational use of selected camp-
sites. It was concluded that the leaching of effluent
from pit privies near the campsites was probably responsi-
ble for water quality changes. Shoreline activities such
as éwimming, washing dishes, cleaning fish, and boat launch-
ing were also listed as probable causes of contaminations.
Skinner et al. (57,58), in studies of alpine and non-alpine

regions in Wyoming, noted that bacteriological water
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' qualié? appeared to be adveféely influenced by recreational
use offtheiland;andfsfréam flow. :In a study done by the
Célifofnia Water'ResourEes Center kl§?>dn the Bishop Creek
"Wilderness'Areg high fecgl Coliformzanarhigh fecal strépto;
cocci counts were closeiy associated wiiﬁ human interven-
tion. étudies done by JohnsonﬂandxMiddlebfooks'(41) on
‘the South Fork of the Ogden’Rivér indicate that there is
insufficient contamination frdm preseﬁt land uses along the
river to exceed stream standards or to Qreate a health:
‘hazafd. However, witﬁin the recreational area, Watér qual—
‘ ify'data could be used.to indicate differences in use at'
_partiéulaf reqreétional_sités. |

Methods of Stuayiﬂg Water Quality~ins"
High Alpine Regions .

Probably fhe most“ﬁseful watep.éuality pafameter in
' cdrreiaﬁing,rgcfeational use with water poliutions is the
indicator bactefial popuiation,-:Sfrdng‘technical-founda—
tions have Eeeh léid.ﬁor this type of work. Both qualita-
’tive and quanfitative standard methods héve'been develbped
for - the determination of bacteriél indicators of pollutioﬁ.f
(1,22). Fair and Morrison (56)'and3Kunkle and Meiman
(46/47)2ha§e provi&éd'information on proper'sampling aﬁd

"handling of . data concerning high quélity water from
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mountainous regiéns. Studies on Flathead Lake in Moﬁtana_
demonstrated the effectiveness of usinhg bacterial indica-
tors of pollution to assess water quality in a'relative
- pristine lake (6 ). Peterson and Boring (52).uséd coliform
éounts to assess the impacts from reéfeation and grazing
on two.isolated moupfaiﬂ streams.->Although,it was found
thét theée:uses had an inflﬁénce én,coliform'counts, it'wés'
not determiﬁed how much of an influence_came from specific
land uses and how much was naturally occurring. Kébler
and Clark (43} determined thaf fecal.éoliform counts ére
more reliable indicatoés of fecal contaminations than total
coliform counts. Geldreich (26) states that the fecal col-
ifofm'test is the most accurate determination for detecting
water poliution by the feces of warm-blooded animals. In |
a sfudy‘dqne on the Buffalo Lake Recfeation Area, Geldreich
(28) again offers a rationale for-the'fécal coliform conj'
cept with respeét to; sanitary éignificancg, density rela-
tionships'with fecal streptococci and use of fecai coli-
forms as a bacteriological approach to a study of‘the recre-
ational area. Geldreich has alSo,suggesteé that fecal
streptoéocci counts can be extremely useful in detefminiﬁg
the source of pollution (29). Although fecal coliform

counts have an excellent correlation with fecal
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‘contamination from‘warm—hlooded aniﬁals, they do.not aif-
ferentiate between contamination from humans and aninals.-
Geldreich found that _.S;z’;reptococcus bovis, S. equinus and
ZS.;ﬁwbiwn.are'found in very large numbers.in Warm-blooded
animals'other.than‘man. On the other hand S. jheaﬂms 1s.
rather unique to the human 1ntest1nal tract. Geldrelch'and
Kenner (27) used a- ratio of fecal coliforms to fecal strep-
-tococc1 (FC/FS) to determine the exact origin of contami—
nation. A.high ratio (4:1 or greater) indicates human
origin, while a low ratio.(1:0.7 or less) indicates-animal_'
origin: A modification of the FC/FS ratio,was.proposed by
the. Ohio River Valley Sanitary Commission (51). This ap-
proach uses the fecal coliform total coliform ratio(FC/TCY
to measure the effects of human contamination on a river _ .
.orostream. Howeuer, use of the FC/TC ratio was sugdested
'more as a measure of the seriousness and extent of human
fecal cOntamination rather than ‘to differentiate between
sources'of pollutions.

One of the purposes.for'measuring.coliform densities
is to get‘an indication of the probable presence of patho-
Qens‘ Fair and Morrison‘(Zl), however, haue isolated sal—.
monellae from unpolluted Colorado streams containing only

30 coliforms-per 100 ml.’ Gallagher and . Spino (25) p01nt '
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out that low-total ‘and fecal coliform counts dohnot,by'
themselves 1nd1cate the absence of pathogens. Dutka (19)
attacks the use of the total collform count ‘as an 1nd1cator¥
based on'studles show1ng that coliforms do not fulflll any::f
of the criteria for a true 1nd1cator organlsm. Geldrelch
(29) has suggested that fecal collform counts are more_:
sensitive as indicators of pathogens. It was found that
salmonella species occurred 85 percent of the time when
'.fecal coliform counts Were‘between 200 and. 2000 per-lOO ml.
Smith'and Twedt'(59)”observed thatfno salmoneliae were isof
plated at concentrations'of less than 200 fecal coliforms'
per 100.ml, but that_in almost eﬁery.case for densities

higher than this; these-pathogenshweré found.

Effect of Surroundlng Ecosystem (other than man)
on Water Quallty ‘

In a study of mountaln streams by . Morrlson and Falr
(50),-1t was found‘that runoff was the most 1mportant‘fac—
.tor in 1nfluenc1ng bacterlologlcal counts.'_‘Coliform
‘.counts, as well as chemlcal concentratlons, .were found to
‘be the highest dur;ng tlmes.of overland fiow. 1In a-51m11arv
"study:by Kunkle antheiman (46),(it was found that the
hlghest total and fecal coliform counts occurred durlng the

sprlng runoff and the lowest counts’ occurred durlng the
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winterr In a eqntinuation'of'their mountain stream studies .
IKunkle and Meiman (47) determrned that total'coliform.
counts varied on a diurnal basis as:wellﬂas seasonallyh
and w1th land uses. |

" Kittrell and Furfari (45) determlned that coliform -
eounts were net_only related to levels of organle loadlng,
.but_aiso determinéduby'temperature, rainfall, runoff,
' stream characterietiee, pPH and tarbidity. It was also eb—
served that total collform counts actually 1ncreased under,
condltlons of suitable stream temperature and pH.'ﬂendrlcks
'(36),u51ng a chemestat, found maximal spec1flc growth
rates for'variods enteric bacteria including pathqgenic.
etrains occurred at 30C in autoclaved river water taken
750 m belew a wasteWatervoutfallf Culture generation times.
ranged between 33. 3 and 116 hr. Little5or-no‘grOWth dc—..
curred in the water at 1ncubatlon temperatures of 20 and.5C
:and nelther the stock-cultures nor the aquatlc stralns weret
:capable of growth in autoclaved river water taken above theh
wastewater outfall at the three dlfferent temperatures_'
_tested. Surv1val-of bacterial 1ndlcators in subarctic
.Alaskan river under.tetal ice coner and water temperatnre
at OC_Waslstndied by'Gordon (31) who reported that afterf

7 days flow'time, total coliforms were reduced to 3.2 to
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6151percent of the lnitial count; fecal collforms 2.1 to
.4.2"§ercent'and fecal streptococcl lS;l to 37,3 percent;:
'_Another.studi donefhy Hendricks (34) on growth of selected:.
_enteric bacteria in'clear mountain stream water-indicated
'that'the-aquatic enuironment_associated with a clearAmOunf.
tain stream not only can maintain populations of enteric
_,bacterla'but also.can supply'sufficient nutrients'to‘initi—
.ate multlpllcatlons and de novo proteln synthe31s..Jannasch‘
(40) calculated generation tlmes of 20 to. 200 hr for aqua- .
tic bacteria 1n natural waters as a result of 51gn1flcant |
.dlfferences between dllutlon rates and washout rates 1n a
'chemostat The measured growth rates were affected by the
,treatment of the water’ samples (type of sterlllzatlon) and
by competltlon with the natural mlcroflora for the unknown
growth llmltlng substrate. Bott (12) u51ng dlrect measure-
ment of bacterlal growth rates in a natural stream showed

: that the unicellular and filamentous populatlons had doubl-
ing tlmes of 42 to 51 hr when the water temperature was

0 to 5C, 8. 4 to 10. 8 hr when the water temperature was
predomlnantly ll to 16C, and 2.8 to 6 0 hr when the water
-temperature was 16. 5 to 21.0C. Hendrlcks (37) in. studylng
sorptlon of heterotropnlc and enterlc bacterla to ‘glass

surfaces, shoWed'an initial rate of attachment equivalent
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to a doubling time:of about 24 hr. After 24 hr both‘the
'sorbed and suspended populatlons stablllzed w1th a mass’
doubllng tlme approx1mat1ng 100 hr. Hendrlcks (35) also-
-demonstrated that bottom sedlments of streams have a hlghj
adsorptlve capac1ty for bas1c nutrlents derlved from the
flowing water, retalnlng them in a form-readlly-usable by
various enteric bacterla 1nc1ud1ng pathogenlc stralns.
Sedlmentatlon and adsorptlon of bacterla also occur in

stream bottom‘sedlments resulting in h;gher microbial
populations than that observed in overlying waters. :

| The survival of'intestinal baoteria‘inrwater may also

be 1nfluenced by the’ antagonlstlc actlon of organlsms in =
the 1nd1genous flora, partlcularly by avallable predators. .
Johnstone and Kublnskrr(42) found that a few species of
ciliated and flageliated.protozoans were a major mechanism: -
responsible for the'removal of fecal bacteria in hidh qual-
'ity waters. However,linitial predatory responses required
~ a lengthy lag poriod of 4 to 5 days. - |

, Indroator'bacteriahmust'have»oertain quantities of -

organic carbon present for their surv1val and multlpllcatlon;u
Studles by Butterfleld (13) and more recently by ‘McGrew and
fMallette (499, have shown that 1ntest1nal bacterla, 1nc1ud—

.ing‘Emﬂwr&ﬂnaxxﬂé'cansurvive'and;later'multlply,1n mediaf
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that contalned less than 5 ug/ml"glucose. Hendricke.and‘
HMorrison (34) also point'out'the fact that'enterlc bacteria
can grow and reproduce in. extremely dllute nutrlent concen-
tratlons. | |

There is'goodfevidence that healthy, actively grow-
.1ng pnytOplankton spec1es release a con51derable prOportlon'
of thelr photoa531mllated carbon 1nto the aquatlc env1ron—
ment'(2;15,23,24,33,38,53,56(62);~ Hellebust (33) reported
-that some phytoplanhton are capable’thexcreting up_to.25"
percent of their‘photoassimilated carbon during their log
growth phase. Tnerefore, when large populatlons of algae
are present,\adequate supplles of carbon should be oresent
for the surv1val of some heterotrophlc water bOrne bacte-
ria.. Ward and Moyer (66) reported that organlcs excreted
by algae durlng growth could serve as. bacterlal nutrlent
sources; Bell et-al (9) observed that domlnant bacterlalLﬁ
populatlons assoc1ated with algal blooms are a result of
’ both stlmulatlon and 1nh1b1tlon medlated by the release of
extracellular produCts.- U31ng Cll—labeled glycollate,
Wright (69) measured uptake by ‘the natural planktonic mi-
croorganlsms in a lake 'in eastern Massachusetts. . Bacteria
'able to grow on glycollate exhlblted the same uptake pat—

‘tern as seen in the lake. Bauld (7]8)-1n-study1ng benthlc
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algal-bacterial mats in alkaline hot springs, demonstrated
that C!*-labeled organic compounds excreted during algal
photosynthesis could be subsequently assimilated by natural

populations of the bacteria present in the mat.




MATERIALS AND METHODS

The present research was carried out at the Jackson
‘Hole Biological Research Station, Montana Stdte University .
' and at various sampling sites within Grand Teton National

Park.

Travel to.Sampling Sites

Travel to the sampling sités'ffbm the lab headquartérs
at the research étatién was by car and on foot: The trip
to the trail.héads by car was.about'12 miies.ahd the hike
to the farthest sampiing site was about 8 miles on foot

with the other sites along the way.

Location of Study Sites

__The méin studyAafeas, Figure_l,.werelthe stréam§ and
lakesﬂiﬁ Leigh'and_Caséade Canyqns-és.well-as,the lakes in
the valley into which these draiﬁages empty (Leigh,“String
and Jenny Lakes) in addition to'?he'streams in Glacier Gulch
 and Garnet Canyoﬁ.  One phaée of the sverali stﬁdy centered -
. a;ound'a micrébidlogical eﬁaluation of the heavily uséd‘
..Cascade Canyon with Lake Solitude (elevation 9035 ft) at~its
upper end. 'Sité C—l'(Lake'Solitudé)waslocated above tim-
~berline in a glaciated cirqge; Sites_C—z through C-8 were

located below timberline with Sites C-3 through C-8 being
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Figure 1. .Location of éa'mpl'e sites within Grand Teton -
' National Park. e

% .-
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-influenced by the south fork as well as the north fork of

Cascade Creek Control samples that were taken along ﬂeigh.

'Creek ‘and at Mlnk Lake (elevatlon 8898 fL) gave an indica-

tion- of the mlcroflora of a 51m11ar alplne stream that was

“seldom visited by man. Mlnk Lake (Slte L—l) was located
above tlmberllne w1th the remaining s1tes in Leigh -Canyon

.below timberline.

The mlcroblologlcal water quallty of the valley lakes

(Leigh, Strlng and Jenny) was determlned by obtalnlng sam-

ples from the inflow and outflow of each lake. These s1tes

were useful in determining the impaot‘of activities ‘along

these lakes. Jenny -Lake, which served as the drinking wateft
: supply'for a caﬁpground and visitor center, was used for .

motorized boating; oanoeing and fishing;= String and Leigh

Lakes were used for fishing, sw1mm1ng and canoeing. . Samples
were also takenAat 1/8 mlle 1ntervals along Cottonwood Creek,
which dralns Jenny'Lake, to.determlne the source of the con-
tamination fonnd'in that stream. | |

| Another phase of the study that was 1n1t1ated in 1973
1nvolved an examlnatlon of the waters in Garnet Canyon.

Most of this dralnage was located above timberline and was

‘_formed from. small streams that or1g1nated as snowmelt

(Site G-1) at elevations around ll,549gft. The water
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then- flowed through a granite boulder field and’emerged,at
Site GF2'at an elevationvof 10, OOO'feet :The water _pro-
~5ceeded through alplne meadows (site G 3) and dropped below

_tlmberllne at Site G b at an elevatlon of 8 793 ft ThlS

drainage along with Surprlse Lake'outlet which drained into’
the same canyon was used to determine the efﬁects of the

surrounding ecosystem.on the bacteriological water quality.

: Testing

l;. Bacterlology. Bl—weekly samples were collected N

from the sites during the summer months (from late June to

early September) Water samples were collected asepti—

~cally,"1ced and carrled dlrectly (1n less than 5 hours ) to

: the field laboratory at Moran, Wyomlng for mlcroblologlcal

evaluatlon. Samples were tested accordlng to Standard

Méthods (1), for standard plate count at 35C, and for total

" coliform and fecal streptococci by membrane filtration:
.technigues. Data obtained each year were processed to

. provide geometric means for each site.

Representatlve colonles were plcked from tne coli-

form and streptococcus plates, put on enrlchment medla and

'transported to Montana State Unlvers1ty water mlcroblology

laboratory where they were characterlzed further-
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I. Coliform bacteria weré_éiassified as IIViC
| type and fécai Qrigiﬁ (L) .
II. FEecal streptococci were differentiated to

species according to Eacklam.(zo).

2. Anima; drépping examination. Fresh dropping
samples of moose, elk and marmot were asepticélly collected -
and refrigerated. These sampies were then transporfed to
thé Montana State University Qater microbiology laboratory
whefe theﬁnumbers and types of fecal streptococci in the

droppings were detérmined.

3. Visitor use data. In order to better correlate

human use of the study area with microbiological data, the
recreational uses made of the various areas were determined
by trail counts and back country use data collected by the

National Park Service.

]

4. Physical and chemical water analysis. Temper-

ature, pH and-conductivity were taken at éll sites to pro-
‘vide a'geﬁetal bhysical and chéﬁibal:evaiqation of the |

wate?s undgr investigation; Weather conditions'wére noted
before,'during.and"after sampling periods ahg weathér re-

cords were obtained from park headquarters at Moose in
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order to correlate bacteriological results with rainfall

and runoff;

5. Ecological testing. 1In. order to correlate the

ggrowtn of algae 1n the -streams w1th the presence or growth

(1f any) of bacterla in the stream, several studles were

‘conducted

a{. Determlnatlon of chlorOphyll content of

| perlphyton samples-' The apparatus used to collect periph-. =
_yton on artlfical_substrates Was‘anhadaptation'from that

. used by Bahls (3). - Afsingle acrylic'plastic plate with a-

collecting surface area on each 'side of 100 cm? was bolted

to a 1 m concrete reinforcing rod which was secured by

rocks so . that it was positioned lengthwise across the

‘stream. All plates were positioned uniformly so that the

top'surface of'eachAplate'was approximately.l to 3 cm below

. the water surface and parallel to'the'direction of the cur--

rent flow. Six plates'Were positioned‘in Surprise Lake

outlet The flrst plate was analyzed after two weeks and

- one plate was analyzed each follOW1ng week for the next

flve weeks. The,perlphyton sample was scraped at the fleld
site with a single-edge razor blade from the 100 cm? sam—"

pling area of each‘plate into a 250 ml wide mouth sampling
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bottle contalnlng 200 ml of sterlle water. The sample was

then covered 1ced and transported to the laboratory where.
a 10 ml allquot was taken from the ‘bottle and tested for

collforms. The remaining sample was filtered onto a memj

. brane filter (Millipore HAWP 04700), put into a dessicator

that was sealed,from_light, and held at 4C,until'thtoplg—af

ment analyses could be conducted at Montana State Unlyer—

: sity- When this was, done, the filter was placed in a cen-

trifuge tube with 5 ml of 90 percent acetone solutlon and
allowed to sit . 1n the dark at 4C for 24 hr. After the ini-
tial extraction period' the samples were centrifuged.for
lO min at JOOX g and the absorbance of the supernatant was'

determined at 730, 663, 643 and 630 nm u31ng a Varlan

_Techtron'(Model 635) | The absorbance data were then used -

to determlne the amount of chlorophyll a, b and c using
formulas presented in Standard Methods (l). When the con—".

centration of pigment in the extract was determined, the

amount of pigment pér unit surface area of sample was cal-

culated as follows: --

2 _'mg chlorophyll/l x volume of extract (liters)

mg chlorophyll/m ' :
‘area of substrate (mz)

' b. Determining growth of coliform bacteria in-

presence of.algae: 'Algae attached to the rocks within
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" Surprise Lake outlet were scraped 1nto 250 ml sample bot—

‘tles contalnlng river water and ‘were tran5ported to Mon-

tana State_Unlver51ty., To ald 1n 1solatlon and 1dent1f1—

cation; the algae.samples were placed'ln Gorhamvs medlum

(39) and allowed'to grow for several‘weeks under constant
illuminatlon'by fluorescent light. The cultures were then
streaked onto a SOlld Gorham s medlum (32)(Gorham s medlum
and.l.a percent agar) contalnlng’30 yg/ml of tetracycline
to prevent bacterial growth and ‘allowed to grow for seueral
more weeks under constant illumination at -10C. Algal col-

onies were then picked from Solid Gorham's into Gorham's

medium and the growth was followed over a period of time

using a G. K. Turner fluorometer to measure the chloro-

- thll”a concentration'of the growing culture. The algal

.cultures were under constant 1llum1natlon by two G.E. Cool

Whlte fluorescent tubes w1th an approx1mate llgnt 1ntens1ty
of 500 ftfcandles.durlng time of growth, .Cultures were .
periodically cheCked to see if they nad,reﬁained-akenic

by plating 1 ml aliquots‘with‘tryptone glucose. yeast ex-
tract agar and checking for bacterial growth. “

Selected bacteria isolated from Surprise Lake out-

let waters'were grown in tryptone glucose yeast extract .

(TGE) broth for524»hr. After the 24 hr, 1 mlxaliquots of
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'Ehe séleqted bacterial suspensions were addéd to the grow-—
ing algai cultures dﬁfing various- phases of its gfowth
curve. The bacterial populationé; which started out at ap-
proximately lxlOSforéaﬁisms/ml,.were then.followed'ovér a
period of time by plating 1 ml samples of the algal- |
bacterial mixed cultures 6n TGE agar at one day intervals.
Controls used were bacteria in Gorham's’medium alone and
algae in Gorham's alone. Groﬁth of the algae was also
follQWed ét the séme time using a G. K. Turner fluorometer.

Algai excretions were tested for their ability to
stimulate bacterial growth bylgrowipg large axenié batch
cultures of. the selééted algae. - The batch cultures. were
£hen,centrifuged using a con£inUoﬁé flOW'centrifﬁge and
.tﬁé supernatant minus the algaé waé used for testing. The
supernatant was treated in various ways (aﬁtoclaving, fil-
tef sterilizing and flash '‘evaporating) then again selécted
24 h; éultures of bacterial isolates from Surprise Lake
outlet were added to thé'supérnatant and their érowth fol-
lowed over a period of time by plating .out on TGE agar at

one day .intervals. .




 RESULTS

In.general the waters in the study area were
found to be prlstlne in nature exhlbltlng low bacterlal
counts. Spec1f1c conductance for all 51tes ranged from'_
. 9.8 to 24.2.micromhos and bacterlal counts were usually
less than 50 organlsms per ml for total coliforms and fecal
streptococc1 and less than 50 organlsms per ml for standard
plate count (Flgs 2—45. The temperature 1ncreased
"throughout the summer,‘but ranged from -0 to 3C .in. the upper
. canyons to the low teens in the lower canyons and valley
letes. " The pH values of - these waterstWere 6.5 to 741,

Quantltatlve Bacterlologlcal Studles
of Water Samples ,

Counts of indicator bacteria in Leigh Canyon waters . -

- were consistently less.than 304per 100 ml at Mink Lake

,(Site -1, Figs. liand 2). As thls water flowed down

“_Lelgh Canyon through brush then below tlmberllne, the bac-

lterlal populatlons 1ncreased (Slte L—- 2 Flgs. l and-2).
‘The water flow1ng 1nto Lelgh Lake at the lower end of this
'canyon and Lelgh Lake 1tself showed a decrease in bacterlal
numbers-(Sltes L—3 and vV-3; Flgs.;l and 2). Bacterlal num-
bers decreased even ‘more in the valley lakes untll they ap-
uproached the lowest numbers at the outflow of Jenny Lake

(Slte V-6; Figs. 1 and 3).
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Figure 2.

Bacteriological profile of Leigh and Cascade
Canyons showing geometric means of bacterial
populations. Standard plate count, total
coliform and fecal streptococcus counts are
for data collected in 1972, 1973, 1974, 1975.
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Figure 3..

.Bacterlologlcal profile of valley lakes and’

Cottonwood Creek show1ng geometric means of -
bacterial. populatlons. Standard plate count,
total coliform and fecal streptococcus counts

‘are -for data collected in 1972 1973 1974

1975.
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The bacterial cbunts in the upper waters of Cascade"
Canyon were' also low at Lake Solitude (Site C-1; Figs. 1
and 2) and increased.as_thé water flowed‘dowﬁ canyon below.
timberline (Sites C-2 and .C-3). Again, bacterial popula-
tions decreased as the water flowéd throﬁgh the'lower por-
tions of the canyon, meandering‘throuéh a nearly level
'ﬁooded section of ﬁhe-canyon (Site C-5), and then cascad-
ing into Jenny Lake passing heévilf used parts of the can-
yon trail (Site C-8). 1In generai, the counts in Caécade
and Leigh Cényohs did not differ greatly; however, the
values from Leigh Canyon were slightlf higher (Fig. 2).

In Garnet Canyon a similar pattern was seen as in
Caséade_and.Leigh Canyons. Indicator bacterial'counts
were low near the origin of the stream (Sites G-1 and G-2),
increased as the water flowed through more complex'bioiog-
ical communities (Site G—3),'gnd'decreased as the water
slowed as it passed through the more level sections of the
~canyon (Sites G-4 and G-6; Figs. 1-and 4). The high popu-
lations of fecal streptococci and standérd platé counts at
Site G~1 were a reflection of difficulties in collecting
water samples ffoﬁ-snowmelt without obtaining some dirt
and detritus from the area surrounding the snowfield. These

high counts were not seen in years where the snowmelt was
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Figure 4. Bacteriological profile of Garnet Canyon show-

~ ing geometric means of bacterial populations.
Standard plate count, total coliform and fecal
streptococcus counts are for data collected in
1973, 1974, 1975.
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'sﬁfficient to allow collection frem-a small drainage with-
out obtaining'dirt in the sample. | |
The microbiological quality of upper Cottonwood .
Creek was studiedlmdre extensively in 1974 and 1975 than
previously. ' Figure 3 shows the-oceurrence of high coli-
form counts at Sltes V—7 (Lupine. Meadow Brldge) and V-8
while the counts at V-6 (Jenny Lake Boat Dock) and other
valley -sites femained low. The other bacterial categories
tested showed similar results (Fig. 3). A more detaiied |
examination-fer indicator.bacteria was conducted at approx-
imately 100 yard intervals between‘the Jenny Lake Boat -
‘Dock (Site V-6) and the Lupine Meadows Bridge (Site V-7).
This study indicated that there was at least one location
where the ‘coliform counts made significent'increases
"(Fig. 5)1 This site on Cottonwood Creek (Site 6) was 20
yards from the south end of the corral, 100 yards below
where drainage was seen eetering tﬁe main creek. Fecal
‘coliform, fecal streptococci ratios (FC/FS) were calculated
on data from all 8 51tes for a series of 10 sampllng runs
in 1975 and a serles of three runs in 1974. 1In every case
the FC/FS ratio was 0.7 or less.
| Several other sites within the park also exhibited

high coliform counts. These were the outflow of Surprise
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Figure 5.

Mean and -highest recorded coliform bacterial = |
populations at eight sites in upper Cottonwood
Creek between Sites V-6 and V-8 for 1975. The

‘number represents FC/FS ratios for sampling

cycle where highest count was obtained.
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Lake (Site G-5) Wthh had a geometric, mean of 122 COll—
forms per 100 ml in 1975 and lower Glac1er Gulch (Site G- 7)
which had a geometric mean of ‘115 coliforms per lOO ml in
1975. In'order to examine this unexpected result, samples
were taken at-weekly iritervals from 6 different sites.“
alond the creek below the outlet of Surprise Lake; The
coliform counts were low_just helow Surprise Lake (Site 1)
and 1ncreased as the stream progressed down the steep nar-
row canyon to Site G 5 (Fig. 6). The relatively low counts
at Site G- 5 reflect the observation that this s1te dried up
. each year before the bacterial populations in the stream -
started to show an increase later in the summer.

In studying Glac1er Gulch more closely, samples
were taken at two sites above G-7 (bridge across Glacier
.Gulch on Amphitheater Lake trail). Both sites, which were
_close'to Delta Lake, showed sidnificant lower coliform
counts (geometric means of 6.5 and 15 coliforms per 100 ml)
~ when compared with Site G—7.l

Qualitative Bacteriological Studies of
Water Samples. Coliforms

of the bacterial colonies"counted as total coli-
forms on the original millipore plate,_only a fraction were

confirmed,asxbeinq fecal coliforms using standard
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Figure 6. Geometric mean of coliform bacterial popula-
tions at six sites in Surprise Lake outlet
between outlet of lake and Site G-5 for 1875.
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tmicrobiologieal prqdedures. 'The results from 1972 through
-1975 are'seen,ianableAl.' Of 1459 collform colonles plcked
from orlginal plates, 17,6 percent were cenflrmed as belng-
fecal coliforms. |

‘Qualitative Bacteriological Studies of
Water Samples: - Fecal. Streptococci

leferentlatlon of fecal streptoc0001 to spe01es
:ylelded the results seen in Table 2. The percentage of
rSwatmxmcus;ﬁwciwﬂ was higher in all canyons than the per-
centage of 8. fd&%ﬂ%s S. equinis was lselated trom Cascade
' Canyon (8 4 percent of colonies plcked) and’ the valley

lakes and streams - (8 6 percent of colonles plcked)

Bacteriology of Animal Droppings

| Droppings-from,the major animals.injthe'study area .
were.collected and the,fecal streptococcl‘dlfterentiated

- and counted in 1972. Marmet drepélngs were taken te“repref
sent the large rodentS»and‘the moose as the primary ungu—
late Withln.the study area.- The results of the_analysis

are also seen in Table 2.

Human Use Patterns in the Study Area

In order to relate the mlcroblologlcal data to

P2

human use w1thln thehstudy ‘area, trail count 1nformatlpn
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Table 1. Percent of coliform organisms isolated that are
characterized as fecal

Leigh Cascade Valley Garnet Glacier Surprise

Year Canyon Canyon Sites Canyon Gulch- Lake
1972 42 23 4 ND ND ND
1973 18 10 18 - 0 ND ND
1974 42 19 35 0 20 0

1975 54 18 2 4 1 0




Table 2. Percentage distribution of fecal streptococcus species obtained
These are geometric
1973, 1974, 1975

at different sites and in animal droppings.
means of data collected in 1972,

Cascade Leigh . Valley Garnet
Canyon Canyon Lakes Canyon Moose Marmot Human
a a - a a b b b
(309) (175) (215)" - (221) (35) (8) (20)™
Streptococcus 4.1 6.7 2.0 4.4 38 0 0
bovis
. Streptococcus 8.9 10.9 27.7 12.1 55 89 0
- faecium :
Streptococcus 3.1 3.5 1.9 2.8 0 0 75
faecalis . _

8Total number of colonies picked

b

" “The number of-saméles analyzed

a¥
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was collected. The upper reaches of Eeigh Canyon were vir—

tually untraveled by humans, however, the lower. mlle of the
canyon was visited, w1th 196 backpacker nights be1ng re—~

corded_for 1974 and 629 backpacker nights belng recorded

- for 19753. Cascade Canyon, on the other hand was heav1ly

.used'(4557 backpacker_nlghts 1n-1974oand_4753 backpacker

nights for l975l.;'0n an average mid—sumﬁer day, approxi-
mately 300 people'reached the trail4head at the bottom of
Cascade Canyon (Slte c-8). Of these about half were scenic
h1kers and went no farther than Hldden Falls (1/2 mlle) or‘

Insplratlon P01nt (l mile). Of those who went beyond

Inspiration Point, there were day hikers (84,percent),’

backpackers‘(l4 percent) and climbers (less thah 5 percentx
About 30 people reached Lake Solitude (Slte C—l) each-day~
in August- about eight by horseback In the valley, h1kers
and backpackers used the edges of Lelgh Strlng and Jenny
Lakes, and there was-some boatlng in each lake. During

late July and in August there was cons1derable sw1mm1ng

‘act1v1ty 1n Strlng Lake w1th1n the l/2 mlle above Site V-4.
.Garnet Canyon also recelved 1ntense use (3115 backpacker

_nlghts in 1974, 3056 in 1975) w1th cllmbers compr1s1ng

more than 75 percent of these v1s1tors.




47

Bacterial Correlations With Rainfall
and Runoff

Whén bacterial counts were plotted for various
sites over the séﬁpliné season,,é correlatioﬁ,was~seen be-
tween periods of heavy rainfall and high counts (fig. 7).
~In 1974, afterndon faips and thundershowers were noted on
the week of July 17, increasing with frequency and'length
through the week of August 10, then decreasihg until the
eﬁd of.the'studQ period on the week of éeptember 5. Other
years did not show as good a correlation as did 1974 be-
cause rainstorms oécurred intermittently throﬁghout the
entire summer rather than being concentrated into oné pef-'

iod during the summer.

'Bacterial Correlations With Algae

The ‘benthos of .Surprise Lake dutlét consisted of
complex communities containing many types of protozoa and
algae. of which the genera Gloeocapsa, Stigonema and Chlorella
have been tentatively'identified. The communities appeared
_as thin green films that covered the rocks which were under
1 to 3 cm of water. Chlorophyll a accrual (determined be-
tween Sites 4 and 5 in Surprise Lake outletf was low at
the start of the summer increased about mid Augus£ then

decreased near the end of the'summer.(Fig; 8). The watef‘
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Figure 7. Total coliform bacterial populations at Sites
V-7 and C-2 with dates of sample collection
during summer of 1974.
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Figure 8. Chlorophyll a accrual for one site and total
coliform bacterial populations for three sites
in Surprise Lake outlet with dates of sample
collection during the summer of 1975.
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temperatuie of Surprise Léké outléﬁ‘waé 0C at the sfarthéf
"the summef, increased gradually to iOC by July 22, peaked
out af 13C aroung August 25, then started to decrease until
itlwas 7C by September 2. Bacterial counts in Surprise
Lake outlet followed a pattern similar to the algae.

Of the algae isolated from Surprise Lake outlet
Ch&ﬁ@lia was chosen as ﬁhe primary'experiméﬁtal algae for
laboratory stﬁdieé beca#se it was thé'easiest of thoée ob-
served to iéolate and éulfivate.' The eXperiﬁents done with
Chlorella in the laboratéry by no means representAéll of the .
possible interactions that could have takén piéce‘within
the cbmplex communities in Surpriéé Lake outlet. ‘Réther,
the experiments were designed to sée if extracellularf
products excréted by algaexcould\suppdft the growth of se-
lected bactefia, of sanitary importance, from:that'stream.

Figure 9 shbws‘the growth‘curve of Chilorella in Gor-
ham's medium, growﬁh.of:Chhn@thih Gorham's'Witﬁ a se-
lécfed bacterium_ffom éurprise Léke.oﬁtle£1présent, the
 population changes of the bacterium in Gprhamﬂs‘meaium
aléne'aﬁa the populati@n changes,df”the'bacterium with
‘Chhnmlla.préseht.' In fhree trials (two‘with isoiates
picked from coliform plates done at Surprise Lake outlét

and one laboratory EC+ culture isolated from an East
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Figure 9. Growth rates at 10C of algae in -Gorham's med-
ium, algae in Gorham's medium with bacteria
present, bacteria in Gorham's medium and
bacteria in Gorham's medium with algae present.
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Gallatin'sample) all bacterial populations dropped.offdra—
matically after~a few days when in the presence of algae.
Mixed bacterial populations obtained from filtering one
liter of water from Surprise Lake ‘outlet onto a membrane
filter ‘were tested in algal supernatant. The algal superf
.natant was obtairned from centrifuging a batch culture of
Chilorella that was in the stationary growth phase. .When the-
filters containing the mixed bacterial populations were
: placed into the algal supernatant, dramatic increases in .
bacterial'numbers were seen after 5 days at both 4 and
33¢ (Fig. 10). Mixed bacterial populations added to algal‘
"supernatant that had been concentrated by flash evaporation
also showed marked increases in numbers after 5 days. Se-
lected-pure cultures'(two isolates.from Surprise Lake out;
' let and an EC+.culture,isolated from the East Gallatin
River) showed increases in 5 days when teeted in algal‘
supernatant that had been treated-in‘several-ways (boiling
for 15 min, filter eterilized_and autoclaved). Total car-
bon analysis done on growinglalgal'cultures in lag phase )
of growth showed that the total carbon content of algal
Isupernatant was approﬁimately 10 to 201mg €/% which is ee— o

‘sentially what is obtained when Gorham's medium is tested.
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However, the total carbon content .from the supernatant of
algae in stationary phase of growth have total carbon con-

tents in excess of 50 mg C/%.







Figure 10.

Growth rates at 4C and 35C of mixed bacterial
populations in supernatant obtained from
centrifuging a 10 batch culture of algae in
the stationary phase of growth.
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DISCUSSION

The guantitative bacteriological results seen in
| Figures 2 through 4 show that the three typés of baCterid;
logicél populat;ons éndmerated in this stuay (standard
pléte'count;_tétal coliforms and fecal'streptocbcci) are
not excgssive when cémpared with other higﬁ elévation
_ mountain areas (11,18,57,60,65)-aﬁd'aré‘below 200 fecal
coliforms pef 100 ml which has been recommended as the
limit for primary contact recreational’waters (67). Water
from the alpine region of Grand Tetoh.National Park con- -
sistently contained some indicator bacteria and an in-
‘crease in this population was demonstrated as the water
flowed toward the valley (Figs. 2, 3 and 4). As the flow
rate slowed in the lower canyons and the valley lakes, the
bacterial populétions were reduced p;obably by a variefy of
faétors such as dié-off, séttliﬁg'and predation (Figs. 2,
3 and 4). |

As the water that originated inhthe high alpine
country flowed toward the valley, nb,gross evidence of ad-
verse bacteriological impact resulting from human activi—‘
ties was found. ‘This:can be seen iﬁ the data comparing
Leigh Canyon, which receives little human use with Cascade

Canyon which receives extensive visitor use (Fig. 2).. This
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is furfher.supported by the bacteriblogical identification -
that revealed the fecal streptococci were generally of the

typés found in the feces of the native moose and rodent

-populations (Table 2). These results from the high alpine

zone compafe in some ;espects with observations made by
others in'lowe£ wateféheds. In those studies comparing
the aquatic microflora of municipal watersheds that were
either opén.or.ciosed to ﬁuman acti&ities, the numbers of
indicator bacteria wére‘consistehtly-higher in the areas
whére humaﬁ use was excluded (60,65). Oﬁr data (Fig. 2)
support tﬁaf conclusion. Other researchers have aléo de-
termined that there has been very little chénge.in the
water quality with.recreation (10,14,48).' However Skinner
et al. (58) reported that the numbers of séleéted bac-
terial'populatiqns appéared to inérease from recreational

use for short periods in some cases. In comparing Leigh

and Cascade Canyons, the conclusion may be reached that

man has not contributed to any .large scale contamination
as fér as the bacteriai quality of the water is concerned.
This can a;so be.supported by thé studies done in Garnet
Canyon which receiﬁes exténsivé overnight use witﬁ limited-
sanitary facilities. Most sites in that canyon that Were

commonly used for camping were in close proximity to the
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stream. There were, however, low numbers of indicator
bacteria presehf iﬁ the water. It should also be noted
that the populationé of indicator organisms were higher in
. regions where human use was absent (Fig. 2). This obser;
‘vationAsuggests that these bacteria may be considered
"natﬁfal" in some pristine waters.

From the ihformation gained over the paét four—
summers, it appears that waters originating in the high al-
pine zone contain only a few indicator bacteria. As these
waters merge and flow toward the sub alpine Valley,.théy
‘pass through a succession of biological communities that
increase in complexity .and density. The flora andlfauna
of this continually changing series'bf biological communi-
ties coﬁtribute bactefia to the water in proportion to the
‘biological density and.divérsity such that the numbers of
indicator bacteria increase. This can.be observed from
. the data that wefe obtained in Garnet Cényon (Fig. 4)'as
thé wéﬁer.flowed from the sSteep focky éiopesj(sitg G-1 and
'2) through alpine meadows (Sité G-3) and then meandered '
Ithrough a lightly woodéd alping canyon (sites G—4,and 6).
Data obtained froﬁ watef in,the,lowér,more heavily wooded
canyons, sﬁch és upper Leigh Canyon (Site.L—Z), also sup-

port this 'idea of a higher "natural" population of
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indicator bactefia because of the more complex biome sur-
rounding the stream. In Cascade Canyon there was a simi-
lar microbiological pattern (Fig. 2).

Once the rivers emptied into the valley lakes and
the flow rate was slowed, the baéterial populations were
reduced,'probablY.by a variety of effects such as die-off
and settling. This reduction was seen.in all'four years
(Fig. 3) as the Water from bbth Leigh énd Cascade Canyons
slowly passed through(the vailey lakes. Because of this
occurrence, the water at the Jenny Laké'east boat dock
(Site V~-6) consistently had the lowest indicator bacterial
-populations observed in the study area. However, one-
quarter mile below fhe boat dock on Cottonwood Creek, the
numbers of indicator bacteria rose dramatically (Figs. 3
and 5) indicating a potential problém. Possible sources
might have been the.horse-éorral on the wesf bank of Cot- -
tonwood Creek or the dwellings used by the boat cénces—
sionaires, guide service and horse concessionaires. When
studied mQré closeiy the FC/FS ratios and the correlations
of high counts with rainfall tended to implicate surface
contamination originating from the horse corral. The-low
fecal coliform counts (Table 1) and the low percentage of

Streptococcus .equinis and other streptococci that originate




in the intestine of the. horse (Table 2), suggest that the

increased counts are pa;tly due to'"natural"tflora of the
stream that WOuid_apbéar there even if the horse corral
were absent. Figure 5, however, ddes show'at least onel
inpﬁt source probably coming from the horse corral.

| Several other sites within the park showed ele-
vated counts of indicator bacteria; specifically total col-
iforms. Surpfise Lake outlet was one of these areas'con—.
taining a geometric meaﬁ of 122 coliforms per 100 ml at
site G—5.. On the basis of observatioﬁs in 1974 that bac-
terial populations appeared just after the establishment of
algal communities in the stream a hypothesis was put forth
thét algai communities provided a suitable environment for
the growth of some types of non-fecal coliform bacteria;
Several authors have indicated that the aquatié environ-

ment associated with a clear mountain stream not only can

. maintain populations of enteric bacteria but also can sup-

ply sufficieﬁt nutrients to initiate multiplicétion and

de novo protein syﬁthesis (12,34,35,40). However, gener-
ation times ranged between 20 and 200 hr depending on tem-
perature. .it has been shown by several authors that or-
ganic chemicals excreted by algae during grqwth.could serve»

as bacterial nutrient sources (7,8,9,33,66,69).
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‘Figure 8 shows a cprrelation betweenIChlorqphyll a and
.bacterial populations in Surprise Lake outlet. This is
‘not to say that the bacterial populations necessarily in-
creased because of the algée since both could haVe been
increasing . because of some other uQidentified Qariable
~such as femperéture.or nﬁtrien£ ioading.l »
ﬁellébust‘(33) reported thétAsome;phytoplankton _

are.capable of_exéréfihg up to‘ZSjpércent of their photo-
assimilated carbon during their iOg_grOW£h phase. Based
on the amount of chlorophyll a inisﬁrpriSe Lake outlet
(Fig. 8) and an assimilation number éf 3.7 mgC/mg'chlg/ﬁr
as given by Ryther and Yentsch (54) and again 1éter by |
Wright (68), one would expect 1.98 ﬁgc being photéassimi—

lated per m?

of surface area per hr. - Based on McGrew and
Mallette's study, this would be sufficient‘to mainfain'any
bacteria that are present with the algae. However, one
must'fake into consideration such things as inhibitory
-substanées exérefed_b? algae; Fiéure 9 shows.a;rapid de-
cline in the numbefé of bacteria when exposed to a g%owing
culture of algae. The same bacterium'shows nb décline
when put into the medium without any algae. One must élsq“'
take into consideration teﬁperature. Bott (12f using di-

rect measurement of bacterial growth rates in a natural’
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stream sﬂowed that selected bacterial populations had gen-
eration times of 2.8 to 6.0 hr when the temperature waé
16.5 to 21.0 C. However, gener&tion.tihes increased to |
42 to 51 hr when the teﬁperature was lowered to 0 to 5C.
Hendricks (36) observed little or no growth of Vqrious en-—
teric bacteria in watér with incﬁbation'temperatufes of
20 and 5C.. fhis is also séen'iﬁ.our.datavwhefe bacteriél
counts only started gbing up after the stream temperature
reached approximately lOC; Figure 10 shows thé growth
curves of a mixéd bacterial culture in algal supernatant
at 35 and 4C. Although the total carbon content was high
(approxiﬁately 50 mgC/%), substantial growth was noted ;t
ac. |

At this point it is“difficult toisay with certainty
that bacteria were actually growipg in the stream. The
present studies have.shown that'i£ is possible but further
-work is needed to detefmine how many of theseé bacteria are
5eing washed into the stream and how many are actuélly
growing there.'

Another area that exhibited high coliform counﬁé
was Glacier Gulch. Based on indicator bacterial counts
taken at various locations in the drainage, the high counté

at G-7 were probébly of animal origiﬁ. In addition,
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co;iforms might also ‘have'.been introducea from the swamp
located above G-7.

An important source of variation'in the bacterial.
numbers found in'these waters was rainstorms ﬁhiéh caused -
some dﬁerland flow (Fig. 7). This observation was also
reported by Mofrison and Fair (50) and by Kunkel and
Meiman (46).

Table 2 shows the qualitative distribution of fecal
streptococci in four portions of the study area within
Grand Teton National Park observed in 1972, i973, 1974 and
1975. These data indicate that Streptococeus bovis and
S. faecium made up é high percentage of the fecal strepto-
coccus_popﬁlétion in the study areas. From the data re-
lating the characteristic fecél stfeﬁfococcus specigs
found in representative animals that were Within thé étuay
area, it may be seen that non—huﬁan sources were possibly
reéponsible for the fécal contamination that was indicated
by the coliform bacteria and the fecal streptocoéci found
in the water. This assumption is based on the observation °
“that human feqal material contains a substantial portion
of S.jheaﬂis'and further, that this organism'is seldom

found in animal droppings.




67

Management Implications

From the results of this research it may be tenta-
' tively concluded that'man'was not responsible for any con-
sistent, large scale'contamination of back coﬁntry waters
within the study area in 1972, 1973, 1974 and 1975. This
says,little,-however, about the safety cf,drinking un-
treated-water'within this area since the actions of a sin-
gle careless individual could create a health hazard. In
this connection, Fair and Morrison (21) isolated'salmo;
hellae'from unpolluted Colorado streams containing only
30 coliforms per 100 ml. It was concluded that unpolluted
potable surface water sources do not exist. This brings
out the question of usefulness of indicator bacteria for
detecting sources of contamlnatlon in high alpine lakes
and streams and points out some of the dlfflcultles in
establlshlng meanlngful water quality crlterla for these
waters. | |

It should also be noted that man's absence dces not
imply that the water is safe to drink. Several bacteria
.known to cause dlsease in man have been isolated from wild
animals. Of these, salmonellae appear to be ubiquitious
and are shed in the. feces of infected animals‘(16,53),

Recently Thomason et al. reported that salmonellae may
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survive harsh environments such as weather pools (63).
Leptospirosis is another disease'transmissible from animals
to humans and is generally transmitted by éontact with
water contaminated by urine from infected animals. Lepto-
spiral antibodies have been found in many types of wild
animals as.reported in a review by Reasoner (53), indicat-
ing widespread occurrence of fhis bacterium in nature. Of
protoioan‘diseasgs Giafdiasis has been noted in the Rocky
Mountain States .(16). Out of 54 people who‘had beenicamp—
ing in the Unitah Mountains in Utah 28 were positive for
Giardia lamblia and all had obtained their drinking water
from a stream at an altitude of 8,000 ft. Giardia sp. have
been found in many wila and domestic animais.

The ﬁanagement question of thé maximal carrying
capabity of alpine area such as Grand Teton National Park
is complex but may be appfoached from the standpoint of
.aquatic microbiology as well as from other environmental
.considerafions. At.present the back country areas of Grand
Teton National Park have not yet.reached the maximum carry-
-ing capacity'as far as the water quality is concerned and
'.céuld withstand increased visitor use. However, it is rel-
atively easy to state that a high level of indicator bac-

‘teria shows water to be unsafe, but it is extremely
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difficult to indicate exactly when water is safe for human

.-consumption and activity because of .the diversity of poten-

tial infectious agents and their sources. It would ‘probably

be wise at present to make decisions relating to carrying

capacity with the aid of macroscopic biological parameters

such as the numbers and variety of flora observed within

areas of concern.

The present study indicates that the horses in the .
upper Cottonwood Creek area are likeiy the primary contrib-
utors of fecal contamination of the river. In terms of the
number of coliform bacteria that were detected in upper
Cottonwood Creek, the water is "chtaminated" but not |
heavily so in the area below thé horse C6rral. .A federal
éténdard that would'épply to this situatién is the U.S.

Public Health Service Drinking Water Standards for Group 2

water if it is to be used for human consumption. This

category of water requires only that disinfection be per-
formed prior to use as drinking water. In ordér for watef
to be cléssified.as Group 2 water it "should not,averége
more than.50 coliform bacteria per'100 ml_in ény month."
The water in the rest of the park that we have tested
(except for Glacier Gulch and Surprise Lake Qutlet) coﬁla

be classified as Group 2 water, however, the water from
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the upper area of Cottonwood Creek exceeded this standard

in July and August in the years under this study. 'From

this standpoint a comprehensive examination of the use

policy in this area of the park is in order. This might

. include the elimination of the horses from their present

location and the reduction of the human habitation in the
area or the installation of more vault type human sanitary

facilities that are pumped on a regular basis and the elim-

.ination of the older out-houses.




SUMMARY

Selected waters from the high alpine zone within
Grand Teton National Park, Wyoming,. were étudied during
the past four summers to determine, 1) the types and occur-
rence.patterns of the bac£erial flora of sanitary impor- |
ténce, 2) to evaluate the impact of various recreational
activities on thé indicator bacterial flora, 3) to deter-
ming the effects of the sufrounding ecosystem on baéterio;
logicai water quality and 4) to.provide a basis relative
to water quality and usefulness of indicator bacteria, for
-,fhe management of various areas within Grand Teton National
Park. |

The water samples qollectéd were analyzéd for total
qoliforms, fecal coliforms, fecal streptococci and standard
plate éount at 35C. Drainages Wére investigated that al-
lowed:the comparison of high alpine areas exposed tb in—
ténsive recreational use with those having little or no
hﬁﬁan activity. 1In order to'correlate the growth of algae
in the stfeams with the presence or growth (if any) of bac- .
‘teria in the étream several studies were COﬂducted.

In general, the three tyées of bacteriological pop-
ulations enumerated were not excessive when compared with

other high elevation mountain areas. Water from the alpine
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region consistently contained sbmg indicator'bacteria and
an increase in this population was seen as the water flowed
toward the valley. When this flow rate élowed in the léwer
cényons and Valley lakes, the bacterial populations were
probétly reduced by.a variety of factors such as die-bff,
éettling and-predation. o

From the results of this research it ﬁay be tenta-
tively concluded that man Was‘not‘responsible for any con-
sistent large scaie contamination of back country waters
within the study area. Within~the.valley, however, it was
shown that horses are likely the primary contribﬁtors of
fecal contaminations of upper Cottonwood Creek.

fCorreiétions wefe made betweeﬁ chlorophyll a con-
centrations and total coliform popﬁlations as well as
growth responses of mixed bacteriél'pdpulations in algal
supernatant at 4C. It was concluded that non-fecal type
coliforms may grow and multiply in alpine streams using
extracellular proddcts excreted by algae. It was not de-
'termined, however, to what.eXtent (if anyj this occurs in
the alpine streams with Grand Teton National Park.

Other areas exhibiting hiéh indicator’ bacterial

counts were influended by high animal éoncentrations and

. swamp-lands located above the sémpiiﬁg sites. Another
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important cause of variation in bacterial numbers appeared
to be rainstdrms which caused some overland flow.

Questions were'brought out concerning the useful-
ness of indicator bacteria for detecting sources of con-
tamination in high alpine lakes and stréams and.the diffi-
qulties.in establishing meaningful water quality criteria
in these areas. It was cancluded that management questions
relating to the carrying capacity of alpine areas should be
approached with the aid of other biological parameters

along with levels of indicator bacteria in the streams.
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