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Abstract:

A study was made during the summer of 1966 of the floral distribution and of some physical and
chemical factors which may have been responsible for this distribution in parts of the Madison River
and its tributary streams, the Firehole and Gibbon Rivers, Yellowstone National Park, Wyoming.

Five transects were run across each of eleven stations, two on the Firehole, one on the Gibbon, and
eight on the Madison River. Physical factors and taxa present at one meter intervals were determined.
Some chemical factors were determined at three hour intervals for a 24 hour period on each of the 10
weeks of the study period.

The diversity indices of the single community present was correlated with total soluble inorganic
carbon, free carbon dioxide, and total alkalinity. The total per cent canopy cover of the community
present in the Madison River was significantly correlated with current speed, temperature, substrate
texture, and the amount of total soluble inorganic carbon. When all rivers were considered the total per
cent canopy cover of the single community present was significantly correlated with substrate texture
and the amount of total soluble inorganic carbon. Most of the taxa present appeared to be responding
primarily to the current speed or substrate texture. However, some appeared to be also responding to
one or more of the following factors: the amount of total soluble inorganic carbon, the amount of free
carbon dioxide, depth, temperature, competition with other taxa, and other undetermined factor(s).
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ABSTRACT

A study was made during the summer of 1966 of the floral distri-
bution and of some physical and chemical factors which may have been
responsible for this distribution in parts of the Madison River and its
tributary streams, the Firehole and Gibbon Rivers, Yellowstone National
Park, Wyoming.

Five transects were run across each of eleven stations, two om the
Firehole, one on the Gibbon, and eight on the Madison River. Physical
factors and taxa present at one meter intervals were determined. Some
chemical factors were determined at three hour intervals for a 24 hour
period on each of the 10 weeks of the study period.

The diversity indices of the single community present was corre-
lated with total soluble inorganic carbon, free carbon dioxide, and total
alkalinity. The total per cent canopy cover of the community present in
the Madison River was significantly correlated with current speed,
temperature, substrate texture, and the amount of total soluble inorganic
carbon. When all rivers were considered the total per cent canopy cover
of the single community present was significantly correlated with substrate
texture and the amount of total soluble inorganic carbon. Most of the
taxa present appeared to be responding primarily to the current speed or
substrate texture.. However, some appeared to be also responding to one
or more of the following factors: the amount of total soluble inorganic
carbon, the amount of free carbon dioxide, depth, temperature, competi-~
tion with other taxa, and other undetermined factor(s). :




INTRODUCTION

The growing scarcity of water has in recent years caused an in-

creased interest in the productivity of streams, the organisms involved,

and the factors affecting these organisﬁs. The ﬁacrophytic communities
of streams have beén largely overlooked in spite of this increased
interest..

The effects of the substrate on the growth of aquatic plants has
been pointed out by several wokkers including Pond (1903), Pearsall {1920),
Misra (1938), and Curtis (1959). Current speed has been mentioned as the
most important factor affecting the distriﬁution of aquatic macrophytes
in the English rivers by Butcher (1933). The effects of interspecific
competition dn the aquatic community has been discussed by Misra (1938)
and Bourn (1937) among others. The study of Wright and Mills (1967) in-
dicated the possibility that the downst;eam decrease in macrophyte stana-
ing crop in the Madison River was related to the downstream decrease in
the concentration of free carbon dioxide as they could detect no appreci-
able changes in the other chemical parameters..

-This study is an attempt to determine how various physical and chem~ -
ical factors and interspecific competition affected the ‘distribution of

aquatic macrophytes in part of the Madison River system.

. Description of the Study Area
Eleven sampling stations were ‘established on the Madison River and
its headwater streams, the Firehole and Gibbon Rivers. These streams are

located in the west-central part of Yellowstone National Park in north-




western Wyoming and adjacent areas of Montana and Idaho (Figure 1).

| Ihe Firechole River originates from Madison Lake at an elevation of
2,500 m (8,209 ft) MSL and flows 34.6 km (21.5 miles) before joining with
the Gibbon River to form the Madison River. The bedrock throughout these
34.6 km is composed of a PleistoceneAplateau flow of rhyolite (Boyd 1961).
The Firehole receives the discharge of many geysers and hot springs. The
total amount of thermal water entering the river has been estimated at
1.55 m3/sec (54.92 ft3/sec) by Allen and Day (1935).

Two sampling stations were established on the Firehole River: the
upper station (1) was located 3.22 km (2 miles) above the confluence of
the Firehole and Gibbon Rivers. This is below all discernible thermal
discharges and just above the Firehole Canyon. The other sampling station
(2) was located 0.8 km (0.5 miles) above the confluence of the Firehole
and Gibbon Rivers. |

The Gibbon River originates from Grebe Lake at an elevation of 2,338.6
m (8,028 ft) MSL in an area of Pliocene rhyolite tuff and Quatermary al-
luvial deposits. It flows approximately 45 km (27.9 miles) before join-
ing the Fireholé River. In the lower reaches of the river the parent
materiais are rhyolite on the south and welded rhyolite tuff omn the ﬁorth
(Boyd 1961). Tﬁe total discharge of thermal water flowing into the
Gibbon River has been estimated at 0.19 m3/sec (6.85 ft3/sec) by Allen
and Day (1935).

The sampling station (3) on the Gibbon River was located 91 m (300

ft) above the confluence of the Gibbon and Firehole Rivers.
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The upper 10 km (6.2 miles) of the Madison River aré in a canyon form=
ed of cliffs and hills of welded tuff on the north and more rugged cliffs

of rhyolite on the south. Below the canyon the river flows through an area

. of decomposed rhyolite and tuff (Boyd 1961).

Eight stations'(4-11)lwere established on the Madison River. Station
4 was located 1.89 km (1.18 miles) belowlthe confluence of the Firehole and
Gibbon Rivers. About 0.8 km (0.5 miles) above this station is an areé
where thefmal discharges occuf both on shore and in the stream channel
(Figure 1). |

Station 5 was located 5.18 km (3.22 miieé) below the river's source
and about 0.8 km (0.5 miles) below a small unnamed creek which flows into
the river from the south.

Station 6 was located 7.76 km (4.82 miles) below the river's souxce.

Station 7 was located 11.02 Ikm (6.85 miles) below the river's source.

Station 8 was located 12.95 km (8.05 miles) below the river's séurce
near the lower eﬁd of a large, deep pool.

Station 9 was located 16.15 km (10.04 milesj below the river's source.

Station 10 was located 18.89 km (11.74 miles) bglow the river's source.

Station 11 was located 21.24 km (13.20 miles) below the river's source.
This sampling area is mnear the lower end of a long riffle which extends
nearly to station 8.

The chemical composition of the water’in these rivers is directly re-
lated to the sodium and potassium aluminosilicates which coﬁprise the rhyolite

bedrock of this region. The decomposition of this type of rock is intensi-




fied by the thermal waters present which tend to leach out the sodium and
potassium. The rate of solubilization of the potassium is lower than for
sodium, and other processes tend to return it to the solid phase (Boyd

1961). These thermal waters are also enriched in chloride, fluoride,

carbon dioxide, bicarbonate and boron by magmatic gases (Allen and Day 1935).

Due to the composition of the bedrock and the thermal enrichment,
these rivers can be classified as sodium~bicarbonate-chloride waters
(Wright and Mills 1967).

The discharge rate of the Madison River measured between stations 10
and 11 has averaged 13.35 m3/sec 477 ft3/sec) for the fifty-one years of
record (1915-1966). The average yearly fluctuation in rate is from 8.5 m3/
sec (300 ft3/sec) in £he winter to 43.9Im3/sec (1550 ft3/sec) in the spring.'
Throughout the study (6 June ~ 8 September, 1966) the rate of discharge
averaged 13.58 m3/sec (485.3 ft3/sec) and ranged from 14.98 m3/sec (535

ft3/sec) to 10.1 m3/sec (360 ft3/sec) (U. S. Geological Survey 1966).

Methods

Water Chemisgry

Water samples were collected at weekly intervals from July 6, through
September 7, 1966. Surface samples were taken near the center of the river
at each of the eleven stations. On each sampling date collections were
made at 1500 hours. All samples were collécte& ip one liter polypropylene
plastic screw cap bottles which were rinsed witﬁ water from the sampling

point before being filled.




Immediately after returning to the field labofatory, samples were
analyzed for pH, total alkalinity and electrical conductivity. A Beckman
Model 76 Expanded Scale pH meter was used to determine pH. Total alkalinity
of each sample was determined titrimetrically according to the procedures
given in Standard Methods for the Examination of Water and Waste Waﬁer,
11th Edition (1960). The electrical resistance of each water sample was
determined using a Yellow Springs Instrument Co. Model 31 conductivity
b?idge and an In&ustrial Instruments Model CEL 4 dipping cell. The specific
conduétance at 25°C of .all water samples collected on all sampling dates was
computed from the observed resistance, temperature and cell constant.

Concentration of free carbon dioxide was calculated for all samples
by cgnverting the milliequivalents per liter total alkalinity to parts per
million alkalinity as HCO§ and using the formula derived by Rainwater and
Thatcher (1960):

ppm 002 = 1.589 x 106 B+ x ppm alkalinity as HCO§

Concentrations of total carbon were calculated for all samples using

the method of Saunders, Trama and Bachman (1962).

Temperature

The temperature of the river water at each station was measured with a

standard laboratory thermometer at 0600 hours on all sampling dates.

Elevations and Gradients
The elevation at each station and at two points on the river above the

uppermost stations (Figure 1) were determined using a Short and Mason Sur=~




veying Aneroid Compensated Barometer (No. A 19360). Two local bench marks
were used as controls (Figure 1).
The gradient at each station was computed as follows:

G = Eu~Ed D

Where G = gradient,
Fu = the elevation at the nearest upstream station,
Ed = the elevation at the station for which the gradient is being de-

termined, . .

D = the river distance between two stations,

Plant Canopy Cove? and Substrate Texture

A water telescope was constructéd by‘replacing the bottom of a plastic
water pitcher Witﬁ transparent plastic and installing two sets of cross
hairs., This device was used to determine the presence or absence of plants
contacting a vertical line from the water®s surface to the béttom of the
river. (Héreafter‘these line intercepts shall be referred to as points).

Five transects were established within 100 meters of each station. An
attempt was made to have these transects include both fast and slow watex.
At each transect a line marked at one meter intervals was strung across the
river, No.attempt was made to place the first mark on the line in any par-
ticular relationship.to the bank.

The water telegcopg was placed under a mark on the line. The point
.pnder the cross.hairs, when they fifst 1iﬁea up, was used in.an attempt to
avoid bias in the selection of the point.‘ After the species present were

recorded the texture of the substrate adjacent to the point was also record-




‘ed. The substrate texture was coded from 1 to 4, with 1 being rocky (over
2 centimeters in diameter), 2 being gravel (0.2 to 2 centimeters in diameter),
3 being sand (0.0625 to 2 millimeters in diameter), and 4 being silt (less

than 0,0625 millimeters in diameter).

Depth and Current Speed

| The current speed was determined at each point 15 cm (0.5 feet) above
the bottom (or above any plants present) using a rod supported Gurley Currént
Meter (No. 622) and its rating table. The depth at each point was then de-
termined and recorded using graduated marks 3.1 cm (0.1 feet) apart on the
rod supporting the velocity meter.

These methods made possible the computation of mean depth, current
speed, substrate texture, and the per cent of the ground covered by each
taxon under each of 55 transects.

Mean free carbon dioxide, total carfon dioxide, total alkalinity,
conductivity, and the pH range at 1500 hours and the mean river temperature
at 0600 hours were determined for each station. It Was‘assumed that these
chemical values did not change appreciably within 100 meters of each sta-

" tion. Therefore, the chemical data for each station was applied to 5 tran=-
sects., Although the gfadient was calculated for each station, it must be
applied to the five transects occurring at each station with caution because

the gradient may change appreciably in 100 meters.




Results and Discussion

Chemical Data

The mean specific conductance, total alkalinity, free carbon dioxide,
and total soluble inorganic carbon present at each station at 1500 hours
are given in Table I. The mean temperature at 0600 hours at each station
~are also given in Table I.

Because the Firehole River (stations 1 and 2) had a larger fraction
of chemically enriched'thermal water than did the Gibbon River, the mean
specific conductance, total alkalinity, and river temperature were higher
at stations 1 and 2 than at station 3. The mean total alkalinity, specific
condﬁctaﬁce, and temperature of the Madison River were more closely rélated
to the Firehole than the Gibbon since the Firehole contributed a larger
discharge to the Madison than did the Gibbon River. These values were
higher af station 5 than at station 4. This indicates that the discharge
of the thermal spring (see Wright and Mills (1967) for a partial listing
of chemical values) above station 4 did not mix completely with the river
water until it was beloﬁ stétion'4. From statipn 5 downstream there was a .
progressive decline in"mean total alkalinity, specific conductance, and
tempefature (Table I). |

The Gibbon River (station 3) had a much hiéher mean concentration of
free carbon dioxide at 1500 hours than did the Firehole River (stations 1
and 2). Thus, the free carbﬁﬁ dioxide concentration of the first station
on the Madison River was intermediate between the values for the Firehole

and Gibbon Rivers. The Madison River is enriched in free carbon dioxide




TABLE I. CHEMICAL AND PHYSICAL PARAMETERS AT EACH STATION

sC TA . C0» TC Gradient pH ' D ST

ft/mile ft/sec
Station |Micro/Mhos |Meq/1 |°C ppm ppm (m /km) Range (m/sec)| meters

1 501 2:22 19.6 3% 25.6 (52! 8.80-9.01 105 1.09 2.60
(.62) {(:32)

2 495 2,24 18.8 S 26.3 228.7 8.65-8.81 2.69 33 1.00
{43.32) (.82)

3 423 2.04 14,5} 10.72 28.6 363 7.20-7,31 I'y28 .46 2.74
(6.87) (.39)

4 493 2031 F76598: 3,62 28.6 1134 7.69-7.90 1,56 97 2.94
(2.22) (.48)

S5 497 2.41 L2391 5FY 301 16:3 7.40-7,69 2533 D 1592
(3.09) (..71)

6 478 237 17 5 lls23.05 29.4 3.8 7.79-7.96 T3k s 10U 2362
¢572) (.40)

7 481 2.36 1771 1,98 28.4 4,9 7.98-8.15 1.49 .60 2.16
(.93) (.46)

8 480 2335 Y& 7 .36 28T 8.3 8.12-8,.27 il 1! .65 2::50
(1.57) (.35)

0T




9 478 2.36 17.6 «93 28.4 16.1 8.33-8.45 179 «33 1276
(3.05) (.55)
10 481 2435 16.8 ol 28.2 40.0 8.43-8.54 2,22 .38 1.15
(7.58) (.68)
1 480 2,36 1639 70 28 .4 1156 8.80-8.91 2.34 «29 1.13
(2.20) (572)
Key to Abbreviations
SC = specific conductance
TA = total alkalinity
T = degrees centigrade

COy = free carbon dioxide

TC = total soluble inorganic carbon
G = gradient

V = current speed

D = depth

ST = substrate texture

L
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by the thermal spring discharge mentioned previously, with the same delayed
mixing. From station 5 through station 11 there is a‘progressiée decline
in mean free carbon dioxide (Table I).

The pH changes vary inversely with the free carbon dioxide changes,
with the highest pH occurring at the station with the lowest amount of free

carbon dioxide (Table I).
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The mean concentration of total soluble inorganic carbon at 1500 hours
was higher in the Gibbon_(sgation 3) than in the Firehole‘River‘(stations
1 and 2). The concentration of total soluble inorganic carbon in the
Madison River was enriched in the same manner as the other parameters by
the previously mentioned thermal spring. Thus station 5 had the highest
value; there was then a progressive decline from station 5 to station 7

with no significant change from station 7 through station 11 (Table I).

Gradients

The elevation and gradient of each station are presented in Table II.

Current Speed, Depth and Substrate Texture

.'The mean current speed, mean depth, and mean substrate texture of
each station are given in fable I.

According to Leet and Judson (1965), .the speed of a stream should
increase and the deptﬁ of é stream should decreasé with increasing gradient’
.(especially if the discharge is constant). These relationshiﬁs should 5e
apparent, if Table I is examined. Thus if station 1 is compared to station
2, the gradient increases, the speed increabes; and thg depth decreases.

In all poésible comparisons of all stations, this reiationship holds in
about two-thiras of the comparisons. Some possible.reasons for the non-
correspondencés are: (1) the_spéed and depth measurements are nof neces-
sarily representative of the entire reaches between stationé while the
gradients were calculated over the entire réaches, (2) current spee& mea-

surements were not made so as to be representative of the actual mean speed
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TABLE II. ELEVATIONS, DISTANCES AND GRADIENTS AT EACH STATION
Distance Elevation Gradient
Station No. Between above MSL m/km
(Location) km (miles) m (ft) (ft/mile)
Pt. above No. 1 2170
(7120)
No. 1 v 97 2169 .62
(.60) (7118) (353)
No. 2 241 2065 43532
(1550) (6775) (228.7)
Pt. above No. 3 2097
(6880)
No. 3 4,83 2064 6.87
(3.00) (6771) (36.3)
No. 4 1.93 2059 2622
L) (6757) GLPL7)
No. 5 167 2054 3.09
(1.04) (6740) (1653)
No. 6 2457 2052 72
(1.60) (6734) (3.8)
No. 7 327 2049 <93
(2.03) (6724) (4.9)
No. 8 1593 2046 S D7
(1.20) (6714) €853
No. 9 SR Y 2037 o))
(1.99) (6682) (16.1)
No. 10 274 2016 77458
¢1.70) (6614) (40.0)
Nos" 11 235 2011 2.20
(1.46) (6597) (1146)
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ofithe streams, and (3) the gradient-speed-depth rélationship may be influ-
enced by the width of a stream.

| There should be a direct relationship between substrate texture and

" the speed of a stream because as the speed of a stream increases, its abil-
ity to transport sediment also incregses as does thé size of the particles
which may be transported. Therefore, the finer textured substrates should

be coincident with lower speeds. Due to the method of coding substrate tex-

ture (high number equals fine substrate texture), this is seen as an inverse.

relationship when mean speed is compared to mean substrate texture (Table
I). This relationship does mot hold for some comparisons of stations. For
example, in comparing station 1 to statiom 3, the velocity is higher at 3

.and the substrate is finer textured at 3. The probable reason for this

anomaly was that most of the scouring and deposition in a stream takes place

in a short period of time during and after peak discharge (Leet and Judson
1965) and that the velocities reported here were obtained after peak dis~
charge for the season had occurred. The anomalies in the other comparisons.
may also have been due to the deposition occurring at a time other thén
when the velocitieé were measured. However, these other anomalies may also
be due to the method of measuring tﬁe velocities, i.e., it was méasured 15

cm above the bottom or above any plants present and the plants present at

a station may slow the current and thus promote a deposition of fine tex-

tured materials (Butcher 1933).
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Plant Data

Within the study area 16 angiosperms, 2 mosses, 1 liverwort, and 1
alga were encountered. Because of difficulty in identifiing genera and
species of the family Characeae in the field, all members of this family
were treated as a single taxon.

In order to determine the effects of changes in abundance and/or size
of the plants during the course of this study (28 June - 25 August), one
transect was sampled three times, once on 28 June and twice on 25 August.
These observations (Table III) indicate there was as much variation due to
sampling methods as there was due to more than two months time. It was
concluded that seasonal changes had little effect on the validity of the

sampling methods used, within the time interval during which the data was

collected.
- TABLE III. PER CENT OF COVER

i June 28 Aggusgagzs August 25
Characeae Le75 3.84
Myriophyllum exalbescens Fern. 16 .00 17:54 17 ¢30
Fissidens grandifrons Brid. el o 1592
0. virens 6.00 10.52 %269
Berula erecta (Huds.) Cov. 18.00 24,56 17.30
Glyceria borealis (Nash)

Batchelder 2.00 185D
TOTAL COVER 52 ST 8, 48.05
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The per cent of a subStraée that is covered by plants should be a re-
flection of that substrates suitability for habitation. The mean per cent
canopy cover of each taxon for each station is given in Table IV.

The mean total per cent canopy cover for all taxa was much lower at gtg- -
- tdiomn., 2 thaﬁ at station 1 (Table IV). This decrease was due to. the large

~decrease in the per cent canopy cover of Characeae and an absence of

Potamogeton filiformis, P. strictifolius, and Ramnunculus aquatilis at sta=-

tion 2., The per cent canopy cover of Myriophyllum exalbescens was very

similar at the two stations (Table 1IV).

Three taxa, Characeae, Potamogeton strictifolius, and Rannunculus
aquatilus had their highest per cent canopy cover at station I but also
occurred in the Madison River.

Eight taxa, Eleocharis acicularis, Glyceria borealis, Jungermannia,

Mimulus guttatus, Oncophorus 'virens, Potamogeton gramineus, Sparganium

angustifolium, and Utricularia vulgaris, were found only in the Madison

River.




TABLE IV,
EACH STATION

PER CENT CANOPY COVER OF EACH TAXA AT EACH STATION AND TOTAL PER CENT CANOPY COVER AT

TAXA STATION NO,

1 2 3 4 5 6 7 8 9110 gt
Berula erecta (Huds.) Cov. 6.0 13437513565 143:6.1:2523.1 15.9 128741 9.8 7
Carex rostrata Stokes 4.4 055
Characeae SO/ Gl 2956 114 7 578l b, R 3 LoDt A0 T 100 el 13, T ot
Deschampsia caespitosa (L.) Beauv. 9.9 3. 294%5.2 Eifs) 0.4
Eleocharis acicularis (L.) R. & S. 0.8 4.1} 0.8
Fissidens grandifrons Bird. 0.8 5.0 6.1| 4.8| 0.7
Glyceria borealis (Nash) Batchelder G 2NV 125, 6.1 15, 8 S5 5 10,9 30 8]
Juncus ensifolius Wiks. 23912301 *0. Y 1.8} 0.4
Jungermannia 2,8
Myriophyllum exalbescens Fern. 8.3 6.1 ol 33 7kl 16 S0, 111340 1371 -145.4
Mimulus guttatus Fischer 0.5 ['=ks3
Oncophorus virens 4.2 153 6.3 k&3]0t

LE




Potamogeton filiformis Pers. 21.6 9.5 1 1.1 }26.4 |17.9 [18.6

P. gramineus L. 0.8 | 0.5 ] 2.0 0.5

P. natans L. 1L 3pgs9 El.5=1 1.9 5.9

P. nodosus L. 1.3159.2 | 8.6 |24.5 | 4.8 | 6.1

P. strictifolius Benn. 37.0 3.1 0.9°11.9 1.0.4

Rannunculus aquatilis L. 10.5 0.5

Sparganium angustifolium Michx. 2.2 ~ 4 W B 1 LEN o |

Utricularia vulgaris L. 2.0 253 520 253 S18 0.5

TOTAL 134.1 1 11.6157.41201.01122.91221.11119.41114.2176.0137.0| 43.1

8T
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PHYTOSOCIOLOGICAI CONSIDERATIONS

Index of Similarity

Indices of similarity were computed for all pairs of species using the
formula described by Curtis (1959) whiéh he sfates was first proposed by
Czenkanowskdi in 1913:

= 2e 100
L= a+b X

Where:

I = index §f similarity

a = number of transects in which the firét taxon was found

b = ﬁumBer.of transects in Which the second taxon was found

¢ = number of transects in which both taxa were found

Attempts were made to arrange these indices as, described by MécFadyen ,
(1957) in order to determine if separate floristic¢ groups could be delimited.
However, no arrangement of the indices was found that Would justify desig-
nating separate floris?ic groups (Table V). . Accordingly this assemblage of
taxa should be considefed as one community (MacFédyeﬁ, 1957). The studies
of Rasmussen (1968) and Roeder (1966) Which dealt with the macrophytes of
the Firehole and the diatoms of the upper Madison River sysfem respectively,
also indicated that in partsof their study area which were coincident with

the area of the present study, there was only one community.




TABLE V.
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INDEX OF SIMILARITY

ME

FG

ov

PS

PF

EA

SA

MG

PG

D
RA

42

35

34

82

43

23

48

ME

FG OV J DC CR BE PNA PNO UV JE GB PS PF EA SA MG PG RA

69

22

7k

w1
o

12

47

3 47

9

22

50

(@)

15

47

O

14

L4

Y

29

28

37

21§

36

27

21

24

17

15

33

0

37

83

28

17

34

13

27

77

53

58

53

68

42

67

24

38

10

77

40

60

26

30

46

55

35

60

19

38

21

43

43

27

30

15

12

33

66

22

[aa

18

32

(0] SRS

33

26

25

10

63

31

54

20

40

g b

L7:598%0

851 35000




7l

Index of Diversity

An index of community diversity was calculated for each statiom by

using the formula suggested by Gleason (1922) and cited by Margalef (1958):

m=1

To T o oy
log n
e

Where:

d = index of diversity
m = number of taxa present at the station
n = number of occupied points at the station

These indices (Table VI) give a comparative measure of the floral vari-
ety at each station. In general the stations with high diversity indices
have more taxa present and a higher per cent canopy cover than the stations
with low diversity indices. (If m=1 and n=100 then d=0. If m=100 and
n=100 then d=4.6 .)

TABLE VI. DIVERSITY INDICES FOR STATIONS 1-11

Station Diversity Index
L 0.84
2 0.74
, 1537
4 1593
5 2.40
6 23
7 YALTES
8 2320
9 0.92

10 1.60

A 1.05
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Relationships Between Diversity Indices and Environmental Factors

'Simple correlation coefficients were calculated between thé diversity
indices and the considered environmental factors. The significant correla=-
tion coefficients were as follows: total soluble inorganic carbon and di-
versity index (all statioms); r = O.él**, free carbon dioxide and diversity
index (without the Gibbon statiom): £ = 0.79%, total alkalinity and diver-

. sity index (without the Gibbon station): r = 0.88%%, None of the other
possible combinations of the considered environmental factors with the

diversity index had significant correlation coefficients.

Statistical Analvyses

A disk loaded '"library' program was used with an IBM 1620 Model 2
computer. This program computeé the mean, standard deviation, variance,
and the sum of the.squares of each variable. It also computes the simple
linear regression coefficients for all pairs of variables and multiple linear
regression coefficients, coefficients of determination, standard error of
the estimates, t values, partial correlation coefficients, and F ratios once
using the total per cent canopy cover and once using the per cent canopy
cover:of each taxon as the dependent variable and all of the measured enviw
ronmental factors as independent variables.

‘The independent variables in this study were mean depth, current speed,
and substrate texture measured at each transect; and the mean concentratioﬁ

(as ppm) of free carbon dioxide, total soluble inorganic carbon, the mean

o

*significant to 5% level
*¥gignificant to 1%:level
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total alkalinity, specific conductance, and hydrogen ion concentration.

In order to make possible comparisons with the data of Todd‘(19675
and Wright and Mills (1967), the various statistical parameters were com-
puted twice, once using only the data from the stations on the Madison
River (4~11) and once using the data from all stations.

When cqnsidering the various statistical parameters obtained when the

. .
data from all stations are wused it should be kept in mind that these para-
meters will be greatly affected by the extremes found in the Gibbon and
Firehole Rivers. The Gibbon is charactefizedfby low temperatures, low con-
centrgtions of dissolved materials and pH, high concentration of free carbon
dioxide and a relatively low plant cover. The Firehole in contrast has
higher temperatures, higher concentrations of dissolved materials and pH
values and lower concentrations of free carbon‘dioxide.

On the other hand when just the data from the Madison Riverare' used
in computing the statisticai parameters, these parameters reflect the effects
of concurrent but not necessarily copnected downstream changes in pH, the _
concentration of free carbon dioﬁide, temperatﬁre, velocity, depth, and

substrate texture.

Simple Correlations of Environmental Factors and Total Per Cent Canopy Cover

Table VII contains the simple correlation coefficients obtained by
using the various environmental variables and the total per cent canopy
cover of all plants. The ubper of egch pair of correlation coefficients
are those obtained when all data were used,~and the lower of each pair are

those obtained when only the data from the Madison River were used.
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At this point, the correlation coefficients in Table VLI which were
significant at the 1% level of probability will be briefly discussed by

columns, except that all correlations with per cent canopy cover will be

discussad togethex at Ehe end of this section.

Correlations with Free Carbon Dioxide

The positivg‘correlations with total soluble inorganic carbon could be
expected in view of the action of the carbon dioxide-bicarbonate=carbonate
equilibrium.

Positive correlations of free éarbon dioxide with total alkalinity
would be expected in omne water mass‘because the total alkalinity in these
rivers is essentially a measure of bicarbonate ion concentration (Rainwater
'and'Thatcher 1960) and the bicarbonate ion concentratioﬁ is related to the
concentration of free carbon dioxide concentration through the equilibrium
mentioned above. However, 1f all data are considered the correlgtion is
negative. This is probably due to the different levels of free carbon dio#-
ide and total alkalinity in the Firehble, Gibbon and Madison Rivers which
have been mentioned previously.

The ﬁegative'correlation'with sbecific conductance when all rivers
were considered was- probably dﬁe to the éxtreme values of free carbon diox-
ide and specific éonductance in the Firehole and Gibbon ﬁiﬁerg. The posi-
tive correlation with specific conductance when just‘the Madison River was
considered may be due to the effects of bicafbonaté diminutioﬁ déwnstream

or to a downstream decrease in other "ions.
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TABLE VII. SIMPLE CORRELATION COEFFICIENTS BETWEEN PHYSICAL AND CHEMICAL
TOTAL PER CENT CANOPY COVER (ALL COMBINATIONS)

FACTORS AND
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TCi <91

TA -.59
TA# «50
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T # .81

D .007
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-.055

53 %%
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.58%%
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-.05
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«24%
.18
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# indicates Madison River stations only
%-gignificant to 10% level
*%-gignificant to 1% level
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The negative correlations with pH could bé expected in view of the
.carbon dioxide~bicarbonate=carbonate equilibrium and.the conseqﬁent effécts
on the hydrogen and hydroxide ién concentrations,

The nega;ive correlation with temperature when all rivers were consid-
ered is due to the high carbon dioxide concentration of the Gibbon River which
éISO«Eas a low temperature. The pOsitivé correlation when only the Madison
River was considefed was undoubtedly due to the concurrent but unrelated
cooling and loss of_free carbon dioxide downséream from station 4.

The positive correlation with depth when jﬁst the Madison River was
considered was also probably due to concurrent but unrelated changes down-
stream from station 4.

The positive correlations with substrate texture %re‘probably ééindi4
dental although it is.possible that there may have been some trapping of
fine textﬁred material by plants and that the amount oﬁ plants present may

be related to the concentration of free carbon dioxide available.

Correlations with Total Soluble Inorganic Carbon

The positive correlations with total alkalinitf could be expected be-
cause at the pH's encountered in this study most of the inorgaﬁic carbon
will'be pfesent as bicarbonate (Hutchinson 1957) and as previously mentioned
total alkalipity in these rivérs is essentially a measure of bicarbonate ion
concentre;tionu

The positive correlation with specific coﬁductance in the Madison River
may have been due to the effects of bicarbgnate ion diminution downstream or

to the downstream decrease in other ions.




27

The negative correlations with pH are expected for the same reasons as
for the correlations between free carbon dioxide and pH.
The correlations with temperature are expected for the same reasons as

those discussed for free carbon dioxide with temperature.

Correlations with Total Alkalinity

The ﬁositive correlation with specific conductance could have been
expected because bicarbonate ion concentration is one of the major ions
contributiné to spgcifiC‘conductance and is essentially the only factor de=-
termining the total alkalinity.

The positive correlation with temperature when all rivers were consid-
ered was probably the result of the extreme vaiues of total alkalinity and

temperature in the Gibbon and Firehole Rivers.

Correlations with Specific Conductance

The positi&e correlation with pH when all rivers were considered was
probably due to the extreme values-in the Firehole (high pH, and high
specific conductance). and Gibbon (1oW pH, and low specific conductance)
Rivers. .The negafive correlation with specific conductance in the ﬁadison
River may have been due to the downstream diminﬁtion in bicarbonate ion of
the correlation ma& ﬁave been the result of a downstream decrease in the
concentration of other ioms and a coincidental increase in pH.‘

The positive correlations with temperature could have been expected
because the various thermal discharges these‘streams recelve are also.chem-
ically enrichedo o

e
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The positive correlations with depth were undoubtedly coincidental.

The positive correlations with substrate texture in the Madison River

'was probably also coincidental.

Correlations with pH
The positive correlation with temperature when all rivers were consid-

ered was probably due to the great contrast between the Firehoie'(high tem-

~ perature, high pH) and the Gibbon' (low temperature and low pH). The nega=

tive correlation with temperature in the Madison River was prébably.due to
the concurrent but unrelated changés in these parameters downstream from
station 4,

~ The correlations with depth and substrate texture were almost certainly

meaningless.

Correlations with Temperature
The correlations of temperature with depth, velocity, and substrate
texture were almost certainly the meaningless results of concurrent but un- -

related changes.

Correlations with Depth

The negative correlations with current speed could have been expected

_ for the reasons previously discussed.

- The positive correlations with substréte could also have been expected

for the reasons previously discussed.
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Correlations with Velocity

The correlations with substrate texture could have been expected for

the reasons previously discussed.

Correlations with Total Per Cent Canopy Cover

When all rivers were considered only free carbon dioxide, specific
conductance, and temperature were not significantly correlated with total
per cent canopy cover at the 1% level of probability. However, the latter

two variables were significantly correlated with total per cent canopy cove

er at the 10% level., The largest correlations were with depth, substrate

‘texture, and velocity.

When only the Madison River was considered, only total alkalinity was
not'significantly correlated with total per cent canopy cover at the 1%
level of probability. The highest correlation coefficients were with sub-

strate texture, depth, pH, -and temperature.

MULTIPLE CORRELATIONS WITH TOTAL PER CENT CANOPY COVER

The coefficient of determination (Rz) when all rivers were considered
was 0.781 (Table VIIIL). This indicates:that about 78% of the variation of
the total per cent canopy.covef Was\associated with the niﬁe'environmental
factors considered in this part of this study. The factors which had the
largest partial correlation coefficients with total per cent canopy cover
were (in descending order) current speed, temperature, pH, substrate tex=-

ture, and total soluble inorganic'carbon.

When only the Madison River was considered the coefficient of ‘deter-
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mination was 0.903 indicating that about 90% of the variation in the total
per cent canopy cover was associated with the envirommental factors con-
sidered. Only substrate texture and total soluble inorganic carbos had

slgnificont pariial covrrelatlon ecoefficients with to#al per cemt gaﬁopy

cover (Table VIII).




TABLE VIII.

3k

PARTTIAL CORRELATION COEFFICIENTS BETWEEN TOTAL PER
COVER AND PHYSICAL AND CHEMICAL FACTCRS

CENT CANOPY

‘ Madison River Only (N = 40)

All Rivers

T | Par R ¥ | Par R
ol .04 .009 .06 g .009
o 1.60% gy 2.24% | .317
é =599 =179 -1.22 % -.179
g - .48 -.088 -1.26 g -.186
? - .45 i -.084 AT .348
| -. 329 i -.054 2 1 5% e37:9
% PYFC .023 80 .119
; - bl i -.081 -3.38%%* -.451
E 3.88%% 578 2e31% .326
| 2 2
R =903 R = .781
ST error of est = 2430 ST error of est - 1088
F = 31.10%* F = 17.81%%
* significant to 10% level T = value for 'Student's'" t

nt
%% gignificant to 1% level

distribution




32

'FACTORS AFFECTING THE DISTRIBUTION AND ABUNDANCE OF TAXA

The relationships between the considered environmental factors and the
distribution and abundance of the taxa, as well as the relationships between
taxa, will now be discussed in an attempt to determine how the environmen=

tal factors are related to the distribution and/or abundance of each taxon

and to elucidate some of the competitive relationships between taxa.

Berula erecta

As previously mentioned, B. erecta occurred in varying amounts at each
statién except stations 1 and 2 (Table I), both of which were located on
the Firehole River. However, the reasons for its mon-occurrence at these
stations were probably different.

The coarseness and unstability of the substrate at station 2 (Table I)
. was the most ﬁrobable reason for the nom-occurrence of B. erecta at this
station., The partial correlation coefficient between the per cent canopy
cover of B. erecta and the substrate texture indicated (Table IX), that
when all other factors were held statistically constant, substrate texture
was one of the most important factors affecting the distribution and abund=-
ance of B. erecta throughout the study area. (Bear in mind -that due to tﬁé
method of'coding, a high number indicates fine substrate téxture, sé‘the
foregoing impiies.more §.'erécta on the finer teXturedﬂsubstrates.)

- The partial correlation coefficient of B. erecta with velocity in the
. Madison River was ppsitive‘ané sigﬁificant, but when all rivers were con-

sidefed, the partial correlation coefficient was not significant (Table IX) .




TABLE IX. CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH BERULA ERECTA

O

Cco TC D v ST £ SC TA pH

2

Simple correlation coefficients

Madison River only

r= 0.602%% 0,627%% 0.395*% =0.111% 0.551%% 0.633%% 0.581%% 0.231%* -0.669%%

e 0.139 0.736%%* 0.114 -0.300% 0.297% 0,017 0.208* 0.522%%  «0,495%%

Multiple correlations
Madison River only
t = 0.44 LSlad o w2l 1.66 * 2.41% -0.23 -0.78 1.06 0.11
par. r = 0.08 0.28 -0.04 0.29  0.40 -0.04 0.14 0.19 0.02
multiple R = 0.842 R? = 0.709 F ratio = 8.10% standard error = 858
All Rivers
£ -3.20 ** 2,99 %% 0.69 Q84" 2070 ¥ 0 2,05 % 0,71 2.06 * 0.16
par, r = =0.43 0.41 0.10 0.13 = . 0.37 0.29 -0.11 -0.29 0.02

multiple R = 0.887 R2 = 0.787 F ratio = 18.50% standard error = 810

w-significant to 10% level; #*%=significant to 1% level; *%*%-gignificant to 5% level

e
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These two facts together indicate that the higher velocities in the Madison
‘River were moré favorable for‘the establishment and maintenance of B,

erecta than the slower velocities in the Madison River an& that the velocity
at station 2 may have been beyond its tolerance.

Other physical factors possibly limiting for B. erecta at station 2,
and at station 1, were the relatively small amounts of free carbon dioxide
‘and total soluble inorganic carbon, the relatively high temperature, and
the.rélatively high specific conductance (Table I).
| It is possible that the relatively great depth at station 1 (Table I)
was'limiting the occurrence of B. erecta, as this station ﬁad the greatest
mean depth 5f all stations. However, the oﬁly significant correlation co~-
efficient between depth and the per cenf canopy cover of B. erecta (Table
iX) éeems to indicate that the per cent canopy cover of B. erecta increased
with increasing depth at least down to the maximum depth in the Madison
River. This together with the occurrence of mgch shallower depths near the ;‘
banks at station 1 seems to discredit the possibility that the occu?rence‘of
B. erecta at stétion.l was -limited by depth.

Rasmussen (1968) found B. erecta growing upstream in the Firehole
River at higher témperatures, at nearly the same.specific conductance, at
considerably higher levels of free carbon dioxide, and judging from her
reported totéi alkalinities, considerably higher levels of total soluble
inorganic carbon than the values found for these parameters at stations 1
and 2. Thus it’appears unlikely thaf either temperature or specific conduc-
tance were limiting to B. erecta at stations 1 or 2. This leaves free car-

bon dioxide and total :soluble inorganic carbon as possible limiting factors
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for B. erecta at stations 1 and 2. The partial correlation éoefficient
bgtween free carbon dioxide and the per cent canopy cover of B. erecta when
just the Madison River data was considered was positive. However, when all'
data were considered, it was not significant. The'partial correlation co~
efficient between these factors for the Madison River data was not signifi-
cant while it was negative when all data were considered (Table IX). Thig
negative partial correlation coefficient was probably dué to the extremely
large amount of free carbon dioxide and relatively small amount of B. erecta
in the Gibbon River at station 3 (Tables I and IV) and thus should not be
seriously considered when thinking about stations 1 and 2.

In contrast to these véried correlation coefficients between free can-
bon dioxide and per cent canopy cover of B. erecta, all of the siéble and
partial correlation coefficients between total soluble inorganic carbon and
per cent canopy cover of B. erecta were positive and significant. Thus it
appears that the most likely physical limiting factor for B. erecta at sta-
tion 1 (and disregarding substrate texture, at sEation 2) was the relatively
small amount of total soluble inorgaﬁic carbon present at this station.

The abundance of B. erecta at station 3 maj have been limited by the
relatively low temperature or the relatively low specific conductance
(Table I). However, Rasmussen (1968) reports this taxon growing at a
much lower specific conductance so it is not likely that the specific
conductance at station 3 was limiting.

Although there were many Significant simple.correlation coefficients

v

between the per cent canopy cover of B. erecta and the considered physical
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factors for the remaining stations, there were only three significant par-
tial correlation coefficients, those with 'soluble inorganig'earbon, current
speed, and substrate texture (Table IX). From the values of these partiél
correlation coefficients it appears thét the most important factor affecting
the distribution abundance of B. erecta in the Madison River (stations 4=11)
was the téxture of the substrate.
Thus far nothing has been said about the effects of competition with

other taxa on the occurrence and abundance of B. erecta. . Only the per cent

canopy cover of Potamogeton strgcﬁifolius and Rannunculus aquatilis were
negatively correlatediwith the per cent canopy cover of__]§° erecta (Table.
XXIX) , .Both of these taxa had their highest per cent canopy cover at sta-
tion 1 where B. erecta did not occur. As both 6f these taxa did occur at
some stations where B. erecta also occurred, iF could be inferred that.

competition with one or both of these taxa was responsible for the non-

‘occurrence of B, erecta at station 1. However, it must be emphasized that

this is only a possibility as it is not known if coﬁpefition was actually
océurring. The otEer taxa which had positive correlatioﬁ coefficiéﬁts when
their per cenf'caﬁopy cover was compared to the per cent canopy cover of

B. erecta (Table XXVIII) were probably responding similarly to the same

limiting factors as B. erecta with little if any competition occurring.




37

Carex rostrata

Because the highest per cent canopy cover of C. rostrata was slightly
less than 5 ﬁer cent and it only occurred at stations 3 and 6 (Table IV),
it is felt that any infergnces about factors limiting its occurrence will
be of doubtful validity. However, as it had its greatest per cent canopy‘
cover at station 3, it appears té have significant correlation coefficients
with those factors which were relatively extreme at this station, i.e.,
high free carbon dioxide, low velocity, fine substrate texturé, low temper-~
ature, low specific conductance, 1o§ total alkalinity, and low pH (Tables X
and I).

The per  cent canopy cover of (. rostrata was positively correlated

with the per cent canopy cover of Characeae, Deschampsia caespitosa, and

lecerié borealis (Table XXIX) which may indicate some overlapping of envi-

ronmental suiltability for these taxa.




TABLE X, CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH CAREX ROSTRATA
COZ TC D v ST TO SC TA pH
Simple correlation coefficients
Madison River only
r = 0.076 0.182 0.161 -0.255* 0.084 0.082 0.078 0.091 -0.126
All Rivers
r = 0.506%* 0,077 =-0.038 =0.202 0.219 =0.461%% =0.545%* =0,512%% =~0,353%%
Multiple correlations 2
o
Madison River only
t = -0.42 -0.07 0,305  =1.15 -0.38 =0.24 0.36 0527 0.05
par. r = =0.08 0.01 0.06 =0.21 0.07 0.04 0.07 0.05 0.01
multiple R = 0.499 R2 = 0.249 F ratio = 1.10 standard error = 37
All Rivers
t = 0.45 0.93 0.48 =0.03 0.40 0.42 -0.49 -0.91 .05
par. r = 0.07 0.14 0.07 =0.01 0.06 0.06 ~0.07 -0.13 0.155
multiple R = 0.604 RZ = 0.365 F ratio = 2.87% standard error = 187

*-gignificant to 10% level; *%-gignificant to 1% level; %*%%*-gignificant to 5% level
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Characeae

The largést simple correlation coefficients, both in the Madison
River'and when all rivers were considered, were between the per cent canopy
cover of the Characeae and current speed, indicating that members of this
. taxon do best in slow water (Table XI). The other significant simple corre-
lation coefficients indicated that the depth, temperature, and the substrate
texture were also important in determining the abundance of the Characeae..

The partial correlation coefficients obtained when alllrivers were
considered indicated that current speed was thé most important physical
factor affécting the abundance of the éharaceae and that the amount of
total soluble inorganic carbon, the substrate texture, and the temperature
were also important. The partial correlation coefficients between the per ‘
cent cgnopy cover of the Characeae and the various physical factors when
just the Madison River was considered seem to indicate that temperature was
the most important, but that 6nly speed and substrate texture were not
important, in affecting the abundance of the Characeae (Table.XI).

Thus there were indications that the speed, the amount of total soluble.
inorganic cargon, the substrate texture and the temperature were affecting
the abundance of the Characeae‘when‘all'riQers were considered and in the
Madisen Riwver . the speed and the substrate texture were not affecting the
abundance-of the Characeae. There are several possiblé.reasons for these
apéarent contradicfionsm

One of the most obvious possibilities is that the range of some of the

physical factors in the Madison River (fqr example, the speed and the sub-




TABLE XI. CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH CHARACEAE

o, TC D v ST TO SC TA pH
Simple correlation coefficients
Madison River only
r = 0.087 0.123 0.503%* =0.799%* 0.571% 0.370%% =-0.018 -0.019 -0.287
All Rivers
r = -0.159 -0.192 0.673%% =0.726%% 0.543%*% 0.380%* 0.234%* 0.130 0.105
Multiple correlations %
Madison River only 5
L= 3.95 ®*% 4,86%* 28 1T ERGEED 053 0.67 6.82 *% 5.49 %% 4,52 *% 3.12 &%
par =059 0.66 0.44 0.09 0.12 -0.78 -0.71 -0.64 -0.49
multiple R = 0.972 R? = 0.945 F ratio = 57.01 %%*  standard error = 509
All Rivers
t = 0.06 2.24 * 0.80 =3.38 %% 2,31 * 2005 % -1.26 -1.22 2.49 *
pare.x .= 001 032 0.12 -0.45 0.33 0.38 -0.19 -0.18 0.35
multiple R = 0.884 R2 = 0.781 F ratio = 17.81% standard error = 10.88

%-signifikgﬁfnto 10% level; %%-gignificant to 1% level; ***-significant to 5% level
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strate texture) were SO narrow éompared to the range tolerated by the
Characeae that these factors were 1imitiﬁg gnly when the larger and more
diverse sample was considered.

Another possibility is that more than one speéies of Characeae was
present. If this were so these different species would probably have had
different optimum ranges of the various factors considered and would have
been more abundant in different parts of the study area. Thus these differ-
ent speciés would have had significant correlation coefficients with differ-

ent factors.
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Deschampsia caespitosa

This taxon was most abundant at station 3 on the Gibbot River and was
less abundant at stations 4~6 and 8 on the upper Madison River. It was not
present at stations 1 and 2 on the Firehole River or at stations 7 and 9-11
on the lower Madison River (Table IV).

The F ratio obtained for the multiple regression when only the Madison
River was considered was not significant (Table XII). This indicates that
the populatlon means were not different and ttat any consideration of
possible limiting factors based on. thls analysis probably-mnot be valid.

. The F ratio for the multiple regression analeis of all data was signi-
ficant, The coefficient of determination for this aﬁal&sis indicated that
about 78 per cent of the variation of the per cent canopy cover of this
taxon was associated with the physical factors which were considered.

The magnitude of these partial correlation coefficients indicated that
the amounts of total soluble inorganic carbon and free carbén dioxide, cur-
rent speed, the substrate texture, and the total alkallnlty were the most
important factors affecting the distribution of this taxon (Table XII)

These were all possible limiting factors for this taxon at stations 1
and 2. However, this taxon was abundant at stations 6 and 8 where speed
and substrate texture were comparable to those at station 1 (Tables I and
IV). Thus it is doubtful the tolerance limits of ttis taxon for either of
these factors were exceeded at ttation 1. The values of thése two factors.
Wete extreme at station 2 so it is 1ikely:the tolerancé limit of this taxon

for speed and substrate texture were exceeded,; This leaves.the low-total




COZ TC

Madison River only

All Rivers

r = 0.821%% 0,249%*

Multiple correlations

Madison River only

t = -0.53 -0.22

par. r = =0.09 -0.04
multiple R = 0.551
All Rivers

t = 1.86 "% | B

par. r = 0.27 025

multiple R = 0.885

TABLE XII., CORRELATION

r = 0.390%%  0.425%%

R

COEFFICIENTS OF

Simple correlation coefficients

0.254%

-0.051

-0.71

-0.13

2

R™ = 0.303

=0.59

-0.09

2

ONMENTAL FACTORS WITH DESCHAMPSIA

*=gignificant to lO%Wlevel;

*%-gignificant to 1% level; *%%-gignificant to

0.193 -0.405%%

-0.687%% -0.640

0.45 0.05

0.08 0.01

standard error = 529

-2.21 * 1.89 *

-0.31 0.27

standard error = 496

CAESPITOSA

5% level

{3
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(Table XXIX). Thése two taxa, Fissidens grandifrons and. Oncophorus virens,

were probably not competing with D. caespitosa as both of these taxa
apparently had different environmental optima than D. caespitosa

(Table XXX). !
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Eleocharis acicularis

This taxon was present at stations 4, 7 and 8 and was most abundant at
station 7.

The F ratios of both analyses were significant and the coefficients of
determination indicated that when juét the Madison River was considered
about 48 per cent, and when all rivers were considered about 42.per cent,
of the variation in the per cent canopy cover was associated with the.con~
sidered factors (Table XIII). Since these two values are so similar it
seems best to consider all data when diséussing limiting factors in order
to take advantage of the larger variation of the factqrs considered which
were inherent in the larger sample.

- The magnitude of the partial corre;ation coefficients indicated that
oply the variation in substrate texture was not associated with a comparable
variation in the per cent canopy cover of E. acicularis (Table XIII).

fhus it is possible tﬂat.any of the other factors were 1imiting-for‘§.
acicularis at the stations where this taxon did not occur.

However, as this taxon was relatively rare it is thought that the con-
clusions as to limiting factors and the limits of tolerance of E. acicularis
are of doubtful validity_;nd accordingly Table XIII is presented but will
not be discussed.

The per cent canopy cover of this taxon was positively COrreiatedeithf
the per cent éanopy covér of many of the other”planté (Table XXIX). The
positive correlations seem to indicate siﬁilar responses to the ;ame factors

but may be an indication that competition was occurring. .

.




TABLE XIII. CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH ELEOCHARIS ACICULARIS

co TC D v ST T° sC TA pH

2

Simple correlation coefficients

Madison River only

= -0.026 -0.109 0.184 -0.209%* 0.125 0.230% <=0.127 -0.063 -0.069

All Rivers

Te= -0.054 0,073 0.112 & ~=0,135 0.085::0.059 0.014 0.133 -0.077

Multiple correlations

Madison River only

t = =T 31 % = i=1.53"%3 1 .22 12505 % =062 20283 0.78 1.30 * =2,50 %%
par.sr = =023 -0.27 0.22 0.26 ~O-SHE0,. 15 0.14 0.23 -0.42
multiple R = 0.692 R2 = 0.479 F ratio = 3.07%% standard error = 167
All Rivers
t = -2.58 **% -1,90 * 1,80 * 2,79 ** ~0.65 2,24 * =3,63 ** 2,62 **% 3,15 %%
par. r = -0.36 -0.27 0.26 0.38 =009 =50, 32 ~-0.48 0.37 ~0.43
multiple R = 0.646 R2 = 0.417 F ratio = 3,57%% standard error = 147

*-gignificant to 10% level; significant to llﬂievel; ***-sighificant'to 5% level

9%
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alkalinity and the relatively small amounts of free carbon dioxide and
total soluble inorganic carbon as pfobable 1ﬁni§ihg factors at station 1.
These were also po;sible limiting factors at station 2 but current speed
and substrate texture were probably more important.

The same 5 factors were also the probable limiting factors at the
sta;ions on the lower Madison River. In this case the values of total
alkalinity, spéed, and the amounts'of free carbon dioxide and total
soluble inorganic carbon at station 7 were exceeded at other stations
.where D. caespitosa was present and the values of total alkalinity and
current speed at stations 9-11 were exceeded at stations where this.taxa
was present. This leaves the amounts of free carbon dioxide and total
soluble inorganic carbon as possible limiting factors at stations 9-11
and the very fine textured substrate at station‘7 as a possible 1imiting
factor.

..From the magnitude of the partial correlation coefficients,-it'
appears total alkalinity was the most important faétor affecting the;
per cent canopy cover of this taxon.

The values in Table XXX in@icate the approximate tolerance limits
- of D. caespitosa to the factors considered in.this study.

Although there wgre'many'significant positive simple correlatipn
coefficients between the per cent canopy cover of this taxon and the per
cent canopy c§ver of other také indicating similar fesponsés to the
physical factors considered, only two taxa were negatively correlated

(Table XXIX).
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Fissidens grandifrons

This taxon was present at stations 2, 5, and 9~11 and its highest
per cent. canopy cover was at statiom 9 (Table IV).

The F ratios for both of the analyses were significant. The co-
efficients of determination indicated that oﬁly about 39 per éent and 32
‘per cent of the variation of the per cent canopy cover of F. grandifrons
was agsociated with the variation of the factors which were considered in
the Madison River and all rivers respectively. These low values in~
dicate that much of the variation of the per cent canopy cover of this
taxon was associated with some undetermined factor(s).

The only significant partial correlation coefficients when all
rivers were considered were between the per cent canopy cover of F.
grandifrons and the amount of free carbon dioxide and the substrate tex-
ture (Table XIV).

If these factors ére considered at each station,' it appears that the
substr;te texture was too fine at sfations 1, 3, 4, and 6~8 for this
taxon to tolerate. Thus it seeﬁs the substrate texture was the factor
which determined whether or not this taxon would be present at a station
but that the amount of free carbon dioxide at a station was related to
the abundance of this taxon at that station. The tolerance limit of F.
grandifrons for substrate appeared to be exceeded at coded substrate
values between 1.92 and 2.5. These values correspond to a mean substrate
textﬁre between gravel and sand (Table .

The per cent canopy'cqver of F. grandifrons was negatively corre-

lated with the per cent canopy cover of five other taxa but was positively




TABLE X1V, CORRELATION COEF¥ICIENTS OF ENVIRONMENTAL F

’ACTORS WITH FISSIDENS GRANDIFRONS

C02 TC D V ST T

Simple correlation coefficients

Madison River only

0.008 0.089 =0.434%% 0.410%*% =-0.464%%

H
Il
1

o

All Rivers

r = -0.077 0.199% =0.354%%* 0.344%% =0.418%%

!
o

Multiple correlations

Madison River only

t= -0.56 -0.64 -1.26 -1.24 -0.99 1.
par. r = =0.10 -0.12 -0.23 -0.22 -0.18 0
multiple R = 0.632 Re = 0.399 F ratio = 2,21%%%

All Rivers

t = 2.09 % =028 -0.95 -0.64 -1.50 * =0,

par. r = 0.298 =-0.04 -0.14 -0.09 -0.22 -0.
multiple R = 0.569 R2 = 0.324 F ratio = 2,39%%%

*-signiffgg;E to 10% level; **-signifi&éﬁf”Egiig?iz;cf?:5;7

?réignificant to 5% level

.148 -=0.009 0.276*% 0.123

.346 0.086 0.267* 0.040

22 0.90 ~ 0.71 0.87

e22 0175013 0.16

standard error = 311

59 0.60 0.98 0.62

09 0.09 0,15 0.09

standard error = 300

6%
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correlated with only ome, 0. virems, which is.also a moss. There may
have been some competition between F. grandifrons and these other taxa
but the taxa which were negatively correlated were probably responding
differently to the considered factors and the taxon wﬁich was positively

correlated was probably responding to the considered factors in the same

manner as was F. grandifrons.
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Glyceria borealis

This taxon was present at every station exceplt stations 1-3. 'It was

most abundant ‘at station 6.

| The F ratios were both significant. The coefficients of determina-
tion both indicated that about 66 per cent of the variation in the per
cent canopy cover of G. borealis was associated with the factors con-
sidered in this study.

The partial correlation coefficients which were obtained when éll
rivers were considered indicated that the amount of total soluble in-~
organic carbon, the current speed, the temperature, and total alkalinity
were the most important factors affecting the distribution and abundance
of G. borealis (Table XV).

If the values of the factors above at the stations where G. Bofealis
was not ﬁresent are examined, it appears that the possible limiting
factors at station 1 were the relatively small amount of total soluble
;inorganic carbon and the relatively low total alkalinity. The pbssibie
limiting factors at station 2 were the relatively high velocity, small
amount of total soluble inorganic carbon,.and the reiatively low total
alkalinity. The.possible limiting factors at station 3 wére the re=~
latively low total alkalinity and temperature.

The lower tolerance limit of G. borealis for temperature seemed to be
between 17.500 and 14.50C, for total alkaliﬁity between 2,34 and 2,23
meq/1, for total golubie inorganic carbon between 28.1 and‘26.3ﬂppm and

for speed between 0.35 and 0.32 meters per second,




TABLE XV, CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH GLYCERIA BOREALIS

CO2 TC D )Y ST T SC TA pH
Simple correlation coefficients
Madison River only
E S 0.368*% 0,526%* 0.023 -0.196 0.074 0.487%% 0.232% 0.456%% =-0.428%%*
All Rivers
o= 0.057 0.539*%* -0.036 =0.093 0.014 0.108 Q.175 0.448%% =-0,313%%
Multiple correlations
Madison River only
Eos -0.58 0.23 g i T S k50 =% 0537 0.18 D.12 -1.31 *
par. r = -0.11 0.04 -0.37 -0.20 -0.27 0.07 0.03 0.02 -0.23
multiple R = 0.814 R? = 0.662 F ratio = 6.53% standard error = 752
All Rivers
t = -0.83 2,08 ** =1.20 =2.33 % ==1.29 3.74 ** =1,27 -1.68 * 1Y
par. r = -0.12 0.39 -0.18 -0.33 -0.19 0.49 -0.19 -0.24 0.18
multiple R = 0.818 R2 = 0.668 F ratio = 10.08%% standard error = 678

49

%=gignificant to 10% level; %%*=-significant to 1% level; *%%*-gignificant to 5% level
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s

The upper limits seemed to be above 30.1 ppm for total soluble inor=
ganic carbon, above 2.41 meq/l for total alkalinity, between 17.9 -and
18.8°C for température, énd'between 0.72 and 0.82Imeters pet second for
velocliy (Table XXX).

From the magnitude of. the partial correlation coefficients it appears
temperature was the most important factor affecting the pér cent canopy
cover of G. borealis throughout the study area (Table XV).

Only one taxon, Potamogeton strictifolius, was negatively correlated

with G. borealis. . Competition may have been occurring with this taxa or
with the many other taxa which were positively correlated with G. borealis

(Table XXIX).
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Juncus ensifolius

'This taxon had its highest per cent canopy covér at station 3 but was
also present at stations 4=7 (Table IV).

The F ratios of both analyses were significant. The coefficient of
determination for the analysis of the Madison River was .49 and for the
analysis of all rivers it was .31. These relatively small coefficients of
determination indicate that 51 and 69 per cent of the variation in the per
cent éanopy cover of J. ensifolius in the two respective analyses was not
associated with the factors comsidered in this study. Therefore, it is
likely that some undetefmined factors were important in détermining the
distribution and abundance of this taxon (Table XVI).

Current speed was thg only factor wﬁich had a significant partial
correlation coefficient with the per cent canopy cover of J. emsifolius
when all rivers were considered. This taxon occurred at Velocitigé ranging

from 0.39 to 0.71 meters per second (Table XXX).

Several taxa were positively correlated with J. ensifolius but only

Deschampsia caespitosa was negatively correlated}with J. ensifolius. How~
ever, the environmental optima of these two taxa appear to .be different

(Table XXX) and thus it is doubtful fhat competition was occurring.




TABLE XVI,

CORRELATION COEFFICIENTS OF

ENVIRONMENTAL FACTORS

WITH JUNCUS ENSIPOLIUS

€O, TC D \Y ST To
Simple correlation coefficients
Madison River only
r = 0.337*% 0.268*% 0.456%% =0.137 0.115 0.350%
All Rivers
r = 0.491%% 0.186 0.066 -0.176 0.155 -0,358%%
Multiple correlations
Madison River only
t = 099 1.48 * 1.47 * 1.61 * =3.05 #* -1.,38 *
par. r = 0.18 0.26 0.26 0.28 -0.49 -0.25
multipie R = 0.702 R? = 0.492 F ratio = 3.23%%
All Rivers
t = -0.65 0.47 0.69 -0.15 -1.38 * 0.04
par. r = -0.09 0.07 0.10 -0.02 -0.20 0.01
multiple R = 0.563  R” = 0.317  F ratio = 2.32%*

SC TA
0.406%*% =0,119
-0,397%% =0,383%%
-1.34 * -1.46 *

-0.24 -0.26

standard error = 126
0.10 -1.08
0.02 -0.16

standard error = 246

pH

-0.408

-0.431%%

-0.57

-0.10

=0.31

-0.05

*-gignificant to 10% level; #¥%-significant to 1% level; ¥%%-gignificant to 5% level

GS
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Jungermannia

This taxon occufred only at station SWand had‘only 2.8 per cent canopy
cover at that station (Table IV).

Because of this limited occurrence and low per cent canopy cover, it
is .doubtful the statistical analyses were valid. However, the results of
these analyses. (Table XVII) indicate‘significant correlations between the
per cent canopy cover of this taxon 'and several of the parameters considered.

As this‘taxon occurred only at station 5 which had a relatively large
amount of free carbon dioxide (5.77 ppm) and a relatively coarse substrate
(code value 1.92), it is possible that this favorable combination was neces=~
sary for this taxén to occur. This combination of factors occurred at none
of the other stétions'(Table D.

. The per cent camopy cover of this taxon was positively correlated with

the per cent canopy cover of Juncus ensifolius, Glyceria borealis, and

Oncophorus virens. This probably indicates an overiapping of environmental

optima for these four taxa, but may'be an indication that competition was

occurring.




TABLE XVII.

CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH JUNGERMANNIA

co, TC D

Simple correlation coefficients

Madison River only

r = 0.430%* 0.433*%* -0.089
All Rivers

r = 0. E79 0.287* =0.077

Multiple correlations
Madison River only

t = 0.89 0.41 -1.10

par. 't =..0.16 0.76 =0.20
multiple R = 0.674 R? = 0.454
All Rivers

t = B304 %% =159 % - =1,35%%

par. r = 0.41 -0.23 -0.20
multiple R = 0.639 R? = 0.409

\Y

0.27

0.20

0.02

0.01

-0.89

-0.13

ST
6% =-0.215%
8% =0.187%
2.39 %
-0.40

F ratio = 2

ok

-2.20

-0.31

F ratio = 3

0.246%*

0.069

-1.04

-0.18

o 1T %%

-0.71

-0.11

SC TA pH
0.369% 0.429%% -0,335%
0.129 0.183*% =0,215%
-0.79 -0.71 -0.37
-0.14 -0.13 -0.07
standard error = 145

1.07 1.99 * =0.74
0.16 0.29 -0.11

standard error = 123

*-sign{fizénk“lé”io% level; %%-gignificant to 1% level; *;%asignificaﬂﬁ to 5% level

LS
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Myriophyllum exalbescens

This taxon 6ccurred at every station except station 3, It had its
highest per cent canopy cover at station 4 (Table IV).

The coefficients of determination indicated that about 92 per cent
(Madison River) and 84 per cent (all rivers) of the variation in the per
cent canopy cover of this taxon was associated with the envirommental
variables which were considered.

+ The magnitude of the paftial correlation coefficients, obtained when
all rivers were considered, indicated speed, temperature, substrate tex-
ture, and the amount of total soluble inorganic carbon were, in descending
order, the most important factors affecting the per cent canopy cover of
this taxon (Table XVIII). Of these factors it is probable that temperature
or a combiﬁation of temperature with the other factors was responsible |
for the absenég of this taxon at statiom 3.

The per cent canopy cover of this taxon was positively correlgtéd
with the per cent canopy cover of several other taxa. . Again it is thought
this indicates an overlapping of environmental ppfima and does not neces=
sarily indicate competition was occurring. The per cent canbpy cover -of

one taxon, Potamogeton gramineus, was negatively correlated with the per

cent canopy cover of M. exalbescens (Table XXIX).




TABLE XVIII,

C02 TC D

Simple correlation coefficients

Madison River only

CORRELATION COE

0.599%%

0.395%

2.44 %%

= 0.843

R™ = 0.781

T 0.494%% 0,287%
All Rivers

s 0.054 0.340%*

Multiple correlations
Madison River only

t = -1.34 * =1.04

par. r = -0,24 -0.19 0.41
multiple R = 0.918 R?
All Rivers

£ = 0.06 2.24 *  0.80

par. r = 0,01 0.32 0.12
multiple R = 0.840 s

FFICIENTS OF ENVIRONMENTAL FACTORS WITH MYRIOPHYLLUM EXALBESCENS

v ST T e TA pH
.0.010 0.583%% 0.396%% 0,626%% =0,214% =0.496%%*
0.046 0.423%% 0,175 0.339%*% 0.306% =-0,269%
0.28 5.69 %% 3,13%% 2.10 * 1.43 * 3.09 %%

0.05 0572 0.49 0.36 0%25 0.49

F ratio = 17.87%% standard error = 984
=3 38K 3V kT 2575 ke =] .26 -1.22 2.49 **
-0.45 0+33 0.38 -0.19 -0.18 0535

F ratio = 17.81%% standard error = 1088

0

W‘

#-gsignificant to 10% level; *¥%-significant to 1% level; #%%%-gsignificant to 5% level
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Mimulus guttatus

This taxon was present only at stations 5 and 6 and had a maximum
per cent canopy cover of 1.3 at station 6 (Table- IV).

Because of this limited occurrence and small per cent canopy cover,
it is doubtful the statistical analyses were valid. However, the partial
correlatipn coefficients may be viewed as indications of the true re-
lationships. It appears the amount of total éoluble inorganic carbon,
the substrate texture, and the tofal alkalinity were related to the per
cent canopy cover of this taxon (Table XIX).

The per cent canopy cover of many taxa were correlated with the per
cent canopy cover of M. guttatus (Table XXIX). This may be an indication
of similar environmmental preferences or a result of the limited occur=~

rence of this taxon.




TABLE XIX,

CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH MIMULUS GUTTATUS

€O, IC

D v

Simple correlation coefficients

Madison River only

e 0.248% 0.382%%
All Rivers
r = 0.084 0.286%

Multiple correlations

Madison River only

t = -0.24 0.34
par. r = =0.05 0.06
multiple R = 0.583

All Rivers

t = -0.01 3.09 **
par. r = -0.00 0.42
multiple R = 0.559

0.136 =0.140
0.082 -0.089
0. 265 =064
<0505 - =0, 12
RZ = 0.339

016 - 1,15
~0.025. 2017
RZ = 0.312

(e}
ST i i
0.273% 0.189
0.211%* 0.049
$.338%% —=0.01)
0.24 -0.00
F ratio = 1.71
1.54 * 125
0.22 0.18

F ratio = 2,21%%

SC TA pH
0.229*% 0.265*% =-0,277
0.099 0.174 -0.188
0.14 0.06 0.00
0.03 0.01 0.00

standard error = 73

0.34 -2,70 %% 2,70 %%
0.05 -0.37 0.37
% standard error = 62

e ———

*-significant to 10% level; %%-gignificant to 1% level; **%-significant to 5% level
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Oncophorus virens

This taxon was present at stétions 5, 7, 9, 10, and 11, and was most
abundarit at station 11 where it had 7.4 per cent canopy cover (Table IV).

The F ratilos for the multiple analyses were significant and the co=-
efficients of determination indicafed that about 40 per cent of the Vériation'
in the per cent canopy cover of this taxon was associated with the consid=-
eéred variables (Table XX). Free carbon dioxide was the only factorlwhich
had a significant partial correlation coefficient with the per cent canopy
cover of -this taxon and thus was presumably the most important physical
factor affecting the distribution of 0. virens.

The per cent canopy cover of Q. virens was positively correlated with
the other Bryophyta (F. grandifrons and Jungermannia) and negatively corre=
lated with many of the other taxa (Table XXIX).

The environmental optima - of these taxa appeared to be different (Table

XXX) so it is doubtful that competition was occurriﬂg.




TABLE XX, CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH ONCOPHORUS VIRENS
co, TC D v ST T° SC TA pH
Simple correlation coefficients
Madison River only
r = -0.214% =0,102 -0.569%*% 0.,506%%* =0.516%** =0.349%% =0.204 0.161 0.340
All Rivers
r = -0.170 0.180% =0.432%% 0.373*%% =0.434%*% -0.120 0.035  0:.299% 0:119
Multiple correlations
Madison River only
t = -0.02 0.07 -0.78 01> =-0.49 0.59 0.19 0.02 0.9%
par. r = -0.00 0.01 -0.14 0.03 -0.09 0:11 0.04° 0.00"  0.17
multiple R = 0.649 R? = 0.421 F ratio = 2,42%%% standard error = 385
All Rivers
t = 1.49 * =0.09 -0.23 0.32 -0.67 -0.56 =017 =l 16 0:88
par. r = 0,22 0.01 -0.04 0.05 -0.09 -0.08 =0.02 o 027 - 013
multiple R = 0.614 R? = 0.37% F ratio = 3,02%% standard error = 346

*=-gignificant to 10% level; *%-significant
g 5

to 1% level; *¥%-significant to 5% level
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Potamogeton filiformis

This taxon was present at stations 1, 4-8 and was most abundant at
station 6 where it had 26.4 per cent canopy cover (Table IV),

The multiple regression analysis of the data from all rivers indicated
that about 60 per cent of the variation in the per cent canopy cover of
this.taxon was associated with the variations of the considered environ-
mental factofs (Table XXI). Only two factors, current speed and substrate
texture, had significant partial correlation coefficients with the per cent.
canopy cover of P. filiformis. Thus it is probable these two factors were
the most important factors affecting the distribution and abundance of P.
filiformis, |

At the stations where this taxon was presenff the codea substrate
value ranged from 1.92 to 2,94 and the velocity ranged from 0.32 to 0.71
meters per second. The taxon was generally more abundant at the stations
with higher 'substrate values (finmer textured substrates) and slower veloci-
ties (Table I). At stations 2, 9, 10 and 11 thé ;ﬁbstrate textures and/or
the velocities were not within these ranges of tolerance for this taxon
under these conditions. However, at station 3‘the-velocity and substrate
texture were within these ranges but'this taxon was not present. It is
possible temperature, specific conductance, or ﬁotal alkalinity or some
combination of these faétoré with speed and/or éubstrate‘texture, were
limiting at station 3 as the values for thé three former factors were all

extreme at this station (Table XXX).

The per cent canopy cover of this taxon was negatively correlated with




TABLE XXI. CORRELATION COEFFICILENTS OF ENVIRONMENTAL FACTORS WITH POTAMOGETON FILIFORMIS
C02 TC D A ST TO SC TA pH

Simple correlation coefficients

Madison River only
r = 0.112 0.119 0.470%% -0.702%* 0.599%* 0.378*% 0.330 =-0.066 -0.308

All Rivers

r = -0.169 =0.053 0.547%*% =0,608%*% 0.466%% 0.349%% 0.265 05207% 2 £0,033
Multiple correlations

Madison River only
t = 0:59 1.01 -0.44 0.03 1.39 * =2 48 FX -1 47 %" 106 =3.15%%*
par.arae 0 1t 0.18 =0.08 0.01 0.25 -0.41 -0.26 -0.19 -0.49

multiple R = 0.888 R2 = 0.789 F ratio = 12.43%% standard error = 594

All Rivers
t = -1.00 0.60 =0.71 -2.85 *¥* 1,38 * 1.04 0.07 0.62 0.00
par. r = =0.15 0.09 =0.11 -0.39 0.20 0.15 0.01 -0.09 0.00

multiple R = 0.776 R2 = 0.602 F ratio = 7.54%% standard error = 811
§T§f§3£552é;£ng~io% level; **%-significant to 1% leQel; ***—signifiéi%i:ngSZ 1ev;i 3
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EF. grandifrons and Q0. virens and positively correlated with many other taxa
(Table XXIX). The negative correlations are with Bryophytes and probably
indicate different responses to similar environmental factors while the
positive correlations probably indicate that all of these taxa were respond=

ing similarly to the environmental factors.
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Potamogeton gramineus

This taxon was present at stations 6, 7, 8 and 10 (Table I). It had
its highest per cent canopy cover (2%) at station 8 (Table IV).

Only about 34 per cent of the variation in the per cent canopy cover
of this taxon in all the rivers was associated with the considered environ-
mental factors. The largest partial correlation coefficient (negative)
was with depth. Current speed and temperature also had significant nega-
tive partial correlation coefficients (Table XXII). Thus it appears these
four factors were the most important of the measured factors in deter-
mining the distribution and abundance of P. gramineus. The absence of
this taxon at the other stations could be explained on the basis of the
values of these factors as one, or more commonly several, of these
factors were outside the range(s) in which this taxon was found (Table I).
It is probable, in view of the small coefficient of determination pre=-
viously mentioned, that some factor(s) unmeasured were actually more im=

ant than the ones measured.

rt

por

There were numerous positive correlations between the per cent canopy
cover of this and other taxa but only 2 negative correlations, that with
M. exalbescens when just the Madison River was considered, and with

Potamogeton nodosus when all rivers were considered (Table XXIX). These

correlations probably indicate similar (positive correlations) and dis-
similar (negative correlations) reactions to the same environmental

gradients.




TABLE XXII, CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH POTAMOGET(GN GRAMINEUS

Co, TC D \Y ST TO SC TA pH
Simple correlation coefficients
Madison River only
r = -0.143 =-0.164 0.021 -0.402%% 0,175 =-0.059 =0.195 =-0.078 0.084
All Rivers
r = =0, 116 :-20,073 " =0.010 =~0.276% 0,121  0.031 0.007 0.160 0.003
Multiple correlations
Madison River only
t = 055 =012 -2.35 % - =2,14 * 0,58 <=1.46 * <-0.48 -0.33 =-1.03
parsx = 0,100 - 3=0002 -0.39 -0.37 0:11 - =0.26 -0.09 -0.06 ~-0.19
multiple R = 0.673 R2 = 0.453 F ratio = 2,76%%% standard error = %1
“All Rivers
t = B.14 T=1.71 % '=3,33 %% "=3,26"%% 0,81 " =2.26 * - 2.,287% ' 0,95 ' =1.69 *
pars-r-= 0,02, =0,26 -0.45 -0.44 0.12° ~0.32 0.32 0.14 -0.24
multiple R = 0.580 R2 = 0.337 F ratio = 2,53%%% standard error = 85

*-significant to 10% level; *¥%-significant to 1% level; *%%-significant to 5% level

89




69

Potamogeton natans

The highest per cent canopy cover for this taxon was 11.5 per cent at
station 6. It was also present at stations 2, 3, 7 and 8 (Table IV).

The F ratios were not significant for either of the statistical analy=-
ses (Table XXIII). This indicates the population means were not different,
and, hence, the results of these analyses could not be considered valid.
However, the only significant simple correlation coefficients were with
current speed and were negative. Thus speed could be considered as an
important factor affecting the per cent canopy cover of P. natans. However,
the coefficient of determination indicates that only about 25 per cent of
the variation in the per cent canopy cover of this taxon was associated with
the variables considered (Table XXIII)., Therefore, some factor(s) not
considered must be important in affecting the per cent canopy cover of this
taxon or the assumption of linear relationships between (and among) the
environmental factors and the per cent canopy cover were unrealistic. This
possibility of non-linear relationships applies to all of the statistical
analyses for all taxa and in particular for those with small coefficients of
determination.

P. natans had significantly positive simple correlation coefficients
with G. borealis and P. filiformis when just the Madison River was consid-
ered. When all rivers were considered, in addition to the two taxa already

mentioned, 0. virens, Utricularia vulgaris, and Sparganium angustifolium

were positively correlated with P. natans (Table XXIX).
The environmental optima of these taxa appeared to be different (Table

XXX) so it is doubtful that competition was occurring.




TABLE XXIII. CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH POTAMOGETON NATANS

COy TC D

Simple correlation coefficients

Madison River only

r = -0.064 0.002 0.024
All Rivers

r = -0.041 0.153 =-0.011

Multiple correlations

Madison River only

= -0.,15 0,23 -1.01

par..r. = =0.03 0,04 -=-0:18

multiple R = 0.511 R2
All Rivers
Ce= -1.12 P A9 k=11

par. . =i=0.,17 == 0,25 %=0.16

multiple R = 0.496 R2

-0.318%

-0.221

-1.70 *

-0.29

= 0.261

=2.12 **

-0.30

= 0.246

0
ST i & SC

0.126 0.088 =0.087

0.098 =-0.019 =-0.006

TA pH

-0.045 -0.002

0.124 -0.070

0.61 0.61 0.24 0.02 0.92
0. 11! 0.11 0.05 0.00 Del7
R ratioi= 1,17 standard error = 994

0.39 0.69 0.44

0.06 0.10 0.07

-1.96 * 0.9

-0.28 0.14

F ratio = 1.62 standard error = 840

;:significant to 10% level; **-gignificant to 1% level; *¥%%-gignificant to 5% level
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Potamogeton nodosus

This taxon was present at stations 3-8 and was most abundant at station
4 (Table IV).

The coefficients of determination indicated that about 86 per cent
(Madison River) and 84 per cent (all rivers) of the variations in the per
cent canopy cover of this taxon was associated with the considered environ-
mental factors (Table XXIV).

When just the Madison River was considered, substrate texture was the
only factor which had a significant partial correlation coefficient with
the per cent canopy cover of P. nodosus (Table XXIV). However, when all
rivers were considered, the amount of total soluble inorganic carbon, the
current speed, and the substrate texture were the only factors which did
not have significant partial correlation coefficients with the per cent
canopy cover of P. nodosus (Table XXIV).

Only stations 1 and 2 had smaller amounts of free carbon dioxide than
did those stations having P. nodosus in the study of Rasmussen (1968).

The highest velocity at which Rasmussen found P. nodosus was 0.38
meters/second while in this study 0.71 meters/second was the upper limit
for the occurrence of P. nodosus.

Thus it appears P. nodosus was excluded from station 1 by the small
amount of free carbon dioxide present, and from station 2 by either the
small amount of free carbon dioxide present or by the high velocity=coarse
substrate texture or a combination of these factors. The high velocity-

coarse substrate texture at stations 9-11 was the most probable limiting




TABLE XXIV. JORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH POTAMOGETON NODOSUS

CO, TC D \Y ST TO SC TA pil
Simple correlation coefficients
Madison River only
ro= 0.449%% 0,228% 0.776%% =0,294% 0.618%% 0.497%% 0,605%% 0.432%% ~0,563%%

All Rivers

L
]

0.151 0.323%% 0.504%% =0,105% 0.,466%* 0,111 0.221*%% 0.136 -0.386

Multiple correlations

Madison River only

L= -0.30 0.40 0.82 0.70 1.42 * 0.30 0.31 -0.47 -0.29
par. r = -0.07 0.07 0.15 0.13 0.25 0.06 0.06 ~0.09 -0.05
multiple R = =.929 R2 = 0.863 F ratio = 21.04%% standard error = 883

All Rivers

E 2 ~7.36 ** 0.62 1.78 * 0.73 1.26 =2,92 %% 3,92%% 4,38 %% 4,24 *%
par. r = -0.74 0.09 0.26 0.11 0.18 -0.39 0.51 -0.55 -0.54
multiple R = 0.916 R2 = 0.838 F ratio = 25.90%% standard error = 823

*-significant to 10% level; *%-significant to 1% level; **%-significant to 5% level

cL
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factor at these stations. As both the amount of free carbon dioxide and
the velocity-substrate texture appeared favorable at station 3 while in fact
there was very little P. nodosus present, it is possible that the relatively
low temperature was near the limit of tolerance for this taxon (Tables I
and XXX).

While the per cent canopy cover of many taxa was positively correlated
with the per cent canopy cover of P. nodosus, only F. grandifrons, O.

ens, and P. gramineus were negatively correlated (Table XXIX). F.

indifrons and 0. virens are both mosses and both were most abundant where

the velocity was relatively high and the substrate relatively coarse.
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Potamogeton strictifolius

This taxon was present at stations 1, 4 and 6-8 and was most abundant
at station 1 (Table IV).

The coefficients of determination indicated that about 44 per cent (in
the Madison River) and 81 per cent (in all rivers) of the variation in the
per cent canopy cover of this taxon was associated with the variation of the
considered envirommental factors (Table XXV).

When all rivers were considered, the largest partial correlation co-
efficient (positive) was between the per cent canopy cover and the amount
of free carbon dioxide. There were also significant partial correlation co-
efficients with depth (positive), speed (negative), and total alkalinity
(positive) (Table XXV)-.

When all rivers were considered, the simple correlation coefficients
indicated that the per cent canopy cover of this taxon was most closely
correlated with depth, total soluble inorganic carbon, temperature, and
velocity (Table XXV).

Rasmussen (1968) found P. strictifolius growing at considerably lower

levels of free carbon dioxide and total alkalinities than any found in this
study. Therefore, it is doubtful that either of these factors were limiting

the occurrence of P. strictifolius in this study area.

The factors most probably limiting at station 2 were the high velocity,
:oarse substrate texture, and the shallow depth.
The following factors were extreme (or outside the range in which this

taxon was found) at the stations noted and as such were probably limiting




ABLE XXV,

CORRELATION CO

FFICIENTS OF

ENVIRONMENTAL FACTORS WITH POTAMOGETON STRICTIFOLIUS

COy TC D v
Simple correlation coefficients
Madison River only
e 0179 0.007 0.500%% =0.270
All Rivers
L = -0.023% =0.590% 0.624%*% =-0.405
Multiple correlations
Madison River only
= -1.46 %* =1,31 * 0.26 0.41
par. r = -0,26 -0.23 0.05 0.08
sultiple R = 0,660 R? = 0.435
All Rivers
t = 5.64 *%* 0,82 1298 % ==1395
par., r = 0,64 -0.12 0.28 -0.28
multiple R = 0.901 R? = 0.812

(o]
ST &
* 0.487%% 0.348%
*%  0.194%  0.499%%
PP RasN=] ok
0525 0.23
F ratio = 2,56%%%
*=1.05 0.07
-0.16 0.01
F ratio = 21.6%*

SC TA pH

0.230% =0.337* =0.294%

0.309%% ~0.095 0.418%%
l.24 ifse 2l =1 .35
0.22 222 -0.24
standard error = 150

0.08 1.98 * 2,89 %%

0.01 0.28 0.40

534

standard error =

*-significant to 10% level;

*%-gignificant

to 1% level; *¥%*-gignificant to 5% level

SL




TABLE XXVI,

CO2 TC D
Simple correlation coefficients
Madison River only
r = -0.026 -0.039 0.226%
All Rivers
r = -0.237% =0,601%% 0,545%%
Multiple correlations
Madison River only
t = =2 .04 e el 598 aRS C 0N 63
par. r = =0.35 -0.34 0.43
multiple R = 0.655 R% = 0.429
All Rivers
t = 6.38 ** ~0,39 3.47 %%
par. r =

multiple R = 0.920

2

R™ = 0.846

CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH RANNUNCULUS AQUATILIS

v ST 7° sC TA
-0.248%  0.066  0.118 -0.098  0.030
-0.379%% 0,120 0.484%% 0.288% -0,101
-0.64 -0.06 2.46 %% At e 2232
-0.12 -0.01 0.41 0.35 0.39

F ratio = 2.51%%% standard error =
-1.32 * 2407 #E 51015 -1.23 234

F ratio = 27.54%%

standard error =

pH

-0.023

0.438%%

* 0,17

-0.03

35

ot alaate
% 3,84 %%

139

*-gignificant to 10% level;

*%-gignificant to 1% level; *%*%-gignificant to 5% level

8L
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in excluding R. aquatilis from these sites as the envirommental optimums
for these taxa appear to overlap and there were significant correlations
between the per cent canopy cover of these taxa (Tables XXIX and XXX) .

It is probable that R. aquatilis was excluded from stations 2 and 9-11

by unfavorable velocity and/or substrate texture (Table XXX).
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Sparganium angustifolium

This taxon was present at stations 2 and 6-8 and was most abundant at
station 8.
When just the Madison River was considered there were significant

simple correlations between the per cent canopy cover of S. angustifolium

and speed, depth, substrate texture, and temperature (Table XXVII).

When just the Madison River was considered there were significant par=-
tial correlation coefficients between the per cent canopy cover of this
taxon and depth and speed (Table XXVII). The coefficient of determination
for this analysis indicated that about 50 per cent of the variation in the

per cent canopy cover of S. angustifolium was associated with the varia-

tions of the conmsidered environmental factors (Table XXVII).

Thus, although this taxon does best in slow deep water about 50 per
cent of the variation in its per cent canopy cover was not due to the con-
sidered environmental factors. Some of this variation was probably due to

competition with the Characeae, P. filiformis, P. gramineus, and R. aquatilis

whose environmental optimums seemed to have some overlap with those of S.

angustifolium (Table XXX).

This taxon was probably excluded from stations 2, 5, 9-11 by the un=-

favorable depth and/or velocity (Table XXX).




TABLE XXVII. CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH SPARGANTUM ANGUSTIFOLIUM

Simple correlation coefficients

Madison River only

r = 0.045 =0.045 0.512%% =0,614%%

All Rivers

R = ~-0.037 0.154 0,333%% -0,411%*

Multiple correlations

Madison River only

A -0.09 =-0.24 1.79 * -1.62
par. r = -0,02 -0.,04 0.31 -0.29
multiple R = 0.708 R2 = 0.501

All Rivers

th= -2.46 0227 10357 -1.24
Par. r = =0,35 0.04 0.09 -0.18
2
multiple R = 0,600 R¥ =1.0.359

0.222% 10.022

0.051 0.073

0.19

0.04

standard error

0012

0.02

standard error

*-significant to 10% level; *¥%-significant to 1% level; *%*-significant to 5% level

18
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Utricularia vulgaris

This taxon was present at stations 4=-8 and 10 and was most abundant at
station 6.

The coefficients of determination indicated that only about 44 per
cent (in the Madison River) and 34 per cent (in all rivers) of the varia-
tion in the per cent canopy cover of this taxon was associated with the
variations of the considered envirommental factors (Table XXVIII).

When all rivers were considered the simple correlation coefficients
indicated that this taxon had its highest per cent canopy cover where there
was a large amount of total soluble inorganic carbon, a low current speed,
a silty substrate, and a high total alkalinity (Table XXVIII).

The partial correlation coefficients indicated that this taxon should
have done best where there was a slow current, silty substrate, and a high
specific conductance, if the other factors were constant (Table XXVIII).

U. vulgaris was probably excluded from stations 2, 9 and 11 by the
unfavorably high current speed at these stations. It may have been exclud-
ed from station 1 by the small amount of free carbon dioxide present at
that station. None of the considered factors appeared to be unfavorable at
stations 3, 9 and 11 (Tables IV and XXX).

It is possible that competition from other taxa may have been wholly
or partially responsible for approximately 60 to 70 per cent of the varia-
tion in the per cent canopy cover that was not associated with the consider=-

ed environmental factors (Tables XXVIII and XXIX).




TABLE XXVIII. CORRELATION COEFFICIENTS OF ENVIRONMENTAL FACTORS WITH UTRICULARIA VULGARIS

C02 TC D \Y ST 1Y SC TA pH
Simple correlation coefficients
Madison River only
r = 0.202 0.194 0.243% «0,387%*% 0,381*%% 0.275% 0.141 0.069 =-0.289%
All Rivers
r = 0.015 0,321 %%y 0,129 5 =() ;239% "% 0.267% 0.060 0.125 0.283% =0.226%
Multiple correlations
Madison River only
t = 1o 33E X1 1530 -1.49 * «0,16 0.27 oA e T s S Ry T R - B R 1 .
par: v = 2027 0523 -0.26 -0.03 0.05 -0.42 -0.31 -0.28 -0.20
multiple R = 0.664 R2 = 0.441 F ratio = 2.,65%%% standard error = 289
All Rivers
t = -0.73 -0.43 =2 L Rlak = =211 1.06 -0.68 1.:350% =-0.05 -1.22
par. r = =0.11 -0.01 -0.30 -0.30 0.16 -0.10 0.19 -0.10 -0.18
multiple R = 0,583 R2 = 0339 F ratio = 2,57%%% standard error = 272

%-gignificant to 107% level; #*%-gignificant to 1% level; **%-gsignificant to 5% level

€8
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TABLE XXIX, MATRIX OF CORRELATION COEFFICIENTS BETWEEN TAXA, ALL RIVERS

C C ME FG ov J DC CR BE PNA
ME -.060

FG =.344%% =_,083

(0)Y -.368%% «,030 3T

J -.149 -.124 102 439%

DC .082 - .05 - LUL? -.213 -.030

CR -.146 -.158 -.100 = Ld3 -.037 Jalb%%

BE . 109 .565%% .060 061 .070 .002 -,158

PNA <144 031 SO .199%  -.064 -.016 .021

.

o
o
N

PNO $097 «7135%% «,245% =-,265*% =-,090 .058 -.047 .520%% 07

JE 077 .028 -.138 -.078 . 104 439%% =-,071 .052

GB .186% -.000 -.086 . 104 .376%% =,152 -.066 «528%% ,388%%

PS «534%% =,116 -.168 -.178 -.062 -.149 -.069 =.346%

tn

MG 212% - 176 -.111 -.125 -.041 «193% .026 .339%% 070

PG .239% =_,141 -.092 -.094 -.063 .026 -.076 .082 .

RA J463%%  -,172 -.149 -.169 -.055 -.136 =-.,065 =.373%*% -,109

ov <285% .076 -.006 =.273% -.096 -.009 -.114 .360%% ,201%

O

1%% =,013  =.349%% =.342%k =,092 =.064 =-.142 .229%  ,198%
219% 1 027 00 w443 ca 0060 wi052. 0 =096 .54 %, 063" ¢ ,112. 4" ,004

«315%% sl e 199% 0 = (22 5 RN =SS -.000 -.063 <142 s21l3®

PS

+35

-.036

-.09%

=121

RV

-.070

-.023

-.049




\BLE XXIX, OF ¢ ATTON 'FICIENTS BETW Ji RIVER ONLY
& C ME FG ov J DC CR BE PNA PNO uv JE GB
ME -l e
FC =.418%% =,204

- 69N 17 395 %%

v 50 v - s o ~
. - e LU k’glj_,)‘_‘_ E ‘L‘«!\".\‘
D( s 185 . 339% -.195 -.202 .018
CR «334% - 017 -,089 ~ )8 - -.059
BE .335% o -.139 - ~,002 494 %% o 1:26
PN «239% - .033 -, 047 -.087 .085 .010 -.098

NC .181 o/ -.347" -, 405%% =,128 . 346% s 32 4 53%% .008
U} oG 058 -.096 - 431%% =,140 «2406% -.108 .198 « 148 232%

E .20 «287% -.186 -,055 o2 D2% « 181 -.068 272% 071 JL489%% il
Gb 332% -,203 -,025 -.050 «369% 021 «353% « 34 -.052 .085 D75
P . 166 2557 - -.210 -.094 -, 100 R -,019 056 o 556%% .102 .212% =,023
E 839 - -. = 473%% -, «346% -,027 «330% 239% .230% e 2L6% . 195
¥ e 84 -, 046 -,199 -.072 - -.061 -.057 -.,013 -,033 035 -.087 . 137 -.019
S 460 022 - 281% -.339% -, 104 «196 .081 -.039 . L .066 .028 .058
MG 298 «136 - -.185 -.057 . 509%% J52%% e 334% 044 « 257 .351% 042 «263%
BG 9% ATk -.156 -,182 -.089 W226% -,069 -,090 -.169 .268% -.064 -.104 -

27 - -.089 -.108 -.033 -.060 -.026 -,238" -,025 -,018 -.109 -.068 -.114

-~ 4 cicant to 10% level

Viegignd 1t o 1% level
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SUMMARY AND RECOMMENDATIONS FOR FURTHER STUDY

Five transects were run across each of eleven stations, two on the
Firehole, one on the Gibbon, and eight on the Madison River. Physical
factors and plant taxa present at one meter intervals were determined.

Some chemical factors were determined at three hour intervals for a 24 hour
period on each of the 10 weeks of the study period (6 July to 7 September).

Simple and multiple regression analyses of all data were performed.
Significant correlation coefficients were found between depth, current
speed, and substrate texture (all combination) and between most of the
chemical factors, i.e., total soluble inorganic carbon, free carbon dioxide,
pH, and specific conductance.

It was established that only one community was pre;ent, and that the
per cent canopy cover of this community was primarily determined by current
speed and substrate texture. The diversity indices of this community were
correlatgd with the amount of total soluble inorganic carbon present when
all stations were considered and with the amount of free carbon dioxide
and the total alkalinity when all the stations except the Gibbon station
were considered. The per cent canopy cover of the community was also
affected by temperature and by the amount of total soluble inorganic car-
bon. The per cent canopy cover of most of the taxa making up this community
was also primarily affected by these same factors but some (the bryophytes)

by the amount of free carbon dioxide and some (the taller taxa) by depth.

The per cent canopy cover of at least one taxon (P. strictifolius) appeared

to be primarily determined by competition from other taxa. The per cent
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canopy cover of some taxa (in general those with a relatively low per cent
canopy cover) appeared to be determined by some undetermined factor(s).
It is recommended that in any further study the time period be ex-
panded to include at least ome full year to include seasons during which
other factors may be limiting. It is also recommended that a plant

sampling method be used which takes into account the effects of the micro-

habitat and does not assume the plants are randomly distributed across the

stredins.
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