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Abstract

Comimunities of mosses and lichens below high water mark on the Salmon River in Idzho are
viewed as distinet associations. These zones may be as much as several meters in depth, Based on
the species present and on fluctuating warter Jevels, four zones are found. Results from paired
transects indicate that stability of the subscrate, force of the carrent, and distance above the low
water level determine species dominance. Compared w the headwaters, the lower reaches of the
river have more favorable condirions for growth of mosses and lichens and for development of
zonation patterns.

The Salmon River is unique because it is the largest river in the western United States
that does pot have regulatory dams. Its headwaters are protecred by Wilderness and
Wild and Scenic River designations. The Salmon River originates in the granitic
Idaho Batholith in central Idaho, and the lower section flows over basale. The zonation
described in this paper occurs on both granite and basale along the course of che river.

Lichens and other torms of vegetation can be used for flood frequency analysis and
for calculating river channel capacity (Gregory 1976). Lichens may alse be useful
in water quality studies ( Hawksworth 1974). The zonation of plants aleng a river
can be used for che prediction of discharge from channel geometry at ungauged sites
tGregory 1976). Furthermore, absence of lichens from suitable habitats may indicate
river channel disturbance or modification.

Crytogam zonations along streams have been reported by Hale (1950), Glime
(1970}, Pentecost (19775, and Craw (1976). These zones were no broader than 10
cm per zone and less chan 40 cm total (Craw 1976). In comparison, zonation along the
Salmon River is higher and therefore more significanc for use in management. Since
the Salmon River fluctuates as much as several meters in depth, these broad zones may
be useful indicators of floud frequency and flood levels (Fig 17,

The purpose of this study is o deseribe the lichen and moss associations found
along the Salmon River and to relate differences in species composition to hydraulic
charactreristics of the channel and to substrate stability. Also of interest is the way in
which plant associations changed over the river's course.

Study Area

The study acea included the Main and the Middle Fork of the Salmoen River. Idaho,
USA. The Middle Fork was studied from Dagger Falls (1767 m) downstream o ics
confluence with the North Fork of the Salmon. The main Salmon River was studied
from its confluence with the Middle Fork woe its meuth at che Snake River (335 my.

Spring snowmelt . the mountainous headwaters resules in maximum flows, and
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Figure 1. An overview of vegetation zones on the lower reaches of the Salmon River in Idaho:
A. Low Water Zone; B. Normal Fleod Zone; C. High Flood Zone; D. Extreme Flood
Zone.

minimum flows occur in winter (December). Measurements for Whitebird, Idaho
(lowet main Salmon) are as follows: 64 year average discharge, 320 m*/sec (11,290
cfs); maximum recorded discharge 3,680 m?®/sec (130,000 cfs) 17 June 1974, mini-
mum recorded discharge, 44.7 m®/sec (1,580 cfs) 11 December 1932 (U.S. Geological
Survey 1976).

The topography of the study area varies from steep hills to a narrow canyon with
vertical walls. The river channel is usually controlled by bedrock and thus is narrow
and rarely meanders.

The surrounding vegetation varies from mesic forests in the upper reaches and
on north-facing slopes to xeric grasslands in the lower reaches and on south-facing
slopes. The forest habitat types are in the Psewdotsuga menziesii (Douglas fir} and
Pinus pondevosa (Ponderosa pine) series (Steele ez al. 1981). Shrub steppe com-
munities occur on steep open slopes and rocky areas: these include Arzensisia, Purihia,
and Cercocarpus. Amelanchier, Rbas, Alnus, and Populus are the ripatian shrubs and
trees in the side draws and drainages. The grasslands have the potential to support
Agropyron spicatnm (Bluebunch wheatgrass) and Festuca (fescue) habitar type series
(Tisdale 1979).

Methods

Sampling consisted of ten paired trunsects at intervals of approximartely 70 km along
the course of the river. Paired transects allowed compatison of species responses to
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Figurc 2. Effect of current force in the normal flood zone on the Salmon River in Idaho: A, The
upstream side of the rocks which receive the stronger current are covered by Dermato-
carpon reticutatum; B. The protected eddy side of the rocks are covered by Sconferia
aguatica,

hydraulic conditions unaltered by elevation or by other changing eavironmental con-
ditions along the river’s length. At each site, individual transects were selected to
include variation in stream hydraulic conditions, For example, a transect pair might
have one transecr in a direct current and a second transect at the same rapid on a
similar rock type but in an eddy current. River rocks that were altered by man, with
a known disturbance date, were nored hut were not used for transect sites.

Sampling was done in a low water period, allowing easy access to seasonally flooded
areas. Line transects ran perpendicular to the shoreline from water level through the
high flood level, as marked by the occurrence of strictly terrestrial vegetarion. For each
decimeter point along the transect line, species presence was recorded. The Iintervals
berween points were narrow enough to detect such small-scale topographic changes
as the top or side of a small boulder.

At each decimeter point on the ctransects, the following data were recorded:
1) location in the current, 2) rock type, 3) degree of siltation, 4) percent slope, and
5) species. Species that occurred in fewer than four transects are not reported here,
nor are occasicnal vascular plants occurring beneath sample points, Instead, the nearest
non-vascular species were recorded if they wete present within 1 dm® Perceat cover
was calculated by species presence at sampled dm points over the retal dm points in a
LIALSECt.

Species of Verrmcaria were not separated in the sampling. Barbula rubiginosa and
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Grimmia montana are often difficule to destinguish in the field without sporophytes,
and flood waters physically batter the leaf awns, so they were counted together in the
transect data.

Nomenclature of lichens and mosses follows lists of Hale and Culberson (1970)
and Crum e . (1973). Nomenclature of vascular plants follows that of Hitchecock
and Cronquist (1973). Voucher specimens for the cryprogams are at MONTUL

Photographs were taken at various sites along the river. Since these may be useful
for comparison in further studies of the area, 18 of the photographs are on file at the
Idaho Historical Society Library, Boise, Idaho.

Results and Discussion

The results from transect pairs placed in contrasting cusrrent forces indicate the im-
portance of current to community composition {Fig. 2 and Table 1). As current force

TABLE 1. The average percent Irequency (with 955 confidence interval) of species in the normal
flood zone from 10 palred transects contrasting stream hydraulic condittons,

Transecis in Transects in

Strong Current Weak Current

Scouleria aguatica 8.7% + 1.3 8U.6% £ 9.5
Dermatoearpon retieulatum 28.7% = 10.4 9.4e. + 0.6
Verrncaria spp. 40.0%, =10.1 0.0% = 0.0
Bare rock (no species present) 21.5%% * 14.2 1.27, = 0.0

decreases, species dominance shifts from Verrucaria spp. to Dermatocarpon reticulatum
and finally to Sconleria agunatica,

Several distinct zones of vegetation cotresponding to recurrent flood parzerns were
found along the Salmon River: Jow water zone, normal flood zone, high flood zone,
and extreme high flood zone. The characteristic species in each zone are as follows
(Fig. 4):

1. Low water zone—Verrgcaria spp. and algae.

2. Normal flood zone—Dermatocarpon reticulatum ot Scouleria aguatica,

3. High flood zone—Barbula rubiginosa and Grimmia moniana.

4, Extreme high flood zone——barren of vegetation or occupied by terrestrial
vegetation.

For wascular plancs associated with seasonal flooding along the Salmon River see
Appendix A.

Irregular and recurrent distutbances ate a part of many climax communities; for
example, fires are a part of some climax Ponderosa pine communities (Steele et al.
1981). The moss and lichen zones are apparently adapred to and mainmined by dif-
ferent flood frequencies and durations. These communities do not appear to be suc-
cessional states leading to other vegetation types, nor do they accumulate soil. Two
ald photographs from the early 1900s (60-52.869 and 60-175.19 in the Idaho Hisrtorical
Society Library) show the presence of these vegetational zones, proving their prolonged
existence.

Zones on smooth vertical walls were distinct at a resolurion of 1 dm. However,
zones on broken topography did not have distinct divisions. These irregularities can
be explained by physical configuration and are comparable to the vegetational zones
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Figure 3. Hypothertical model for the effect of current velocity and substrate stability in controlling
species composition in the normal flood zone.

found on a mountainside with broken topography. Sampling at decimeter intervals
recorded irregularities that caused some noise in the zonation patterns; a larger sampling
interval might avoid this. Nevertheless, what appears as noise in the results may be
explained at a finer level of analysis as substrate stabilicy, orientation of microsites to
the current, and sheltering by other rocks.

Low Water Zone

The low water zone containing Verrnearia spp., ctustose lichens, was poorly sampled
in transects because much of the zone was submerged. Verrucaria is adapted to and
occurs on submerged rocks in many regions of the world (Swinscow 1968).

Normal Flood Zone

The normal flow zone contained Dermarocarpon reticulatwm, an umbilicate lichen,
and Scouleria aguatica, a moss. Species dominance is apparently determined by sub-
strate stability, current force, and height above the water level.
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Figure 4. Species composition within zones and actual heights (= 1 dm) of each zone taken from
the average of rwo eddy transects at Telcher Creek on the lower reaches of the Salmon
River in Idaho.

Sites with increasingly stable substrate had a higher proportion of §. agwatica,
less of I3, reticulatum, and least of Verrucaria spp. (Fig. 3). Unstable substrates were
often in the same locarion as strong current; in such cases the factors controlling the
vegetation were not clearly distinguishable. An unstable substrate may be a soft, easily
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eroded rock type (Swinscow 1968) or a hard rock type that moves as pare of the bed
load. River banks must contain stable rock material to support a moss or lichen flora
(“a rolling stone gathers no moss”). Bed load formulae {Hebertson 1969, Einstein
1950) are based on the principle that the capacity of the stream to transport sediment
along its bed varies directly with the difference between the shear stress acring on the
bed parricles and the critical shear stress required for iniriation of particle motion. The
bed load is related to the amount of water, the stream’s profile, and the hydraulic
gradient; therefore, the greater the bed load capacity, the larger the rock which can
be transported (U.8. Bureau of Reclamation 1973).

Colenization by aquatic lichens is slow (Swinscow 1968). For example, large
boulders (1 m®), which were moved in 1930 for road conscruction, show no moss or
lichen flora calenization now, although a rich flora is adjacent to the boulders.

Currene velocity controls the vegerational distribution in several ways. Increased
current velocity is directly related to an increased ability to carry greater suspended
loads. The type, size, speed, and amount of the suspended load in a river appears to
determine distribution of mosses and lichens in its channel For example, the Grand
Canyon of the Colorado River carries large amounts of course sand and silc in its
suspended load and has no moss or lichen flora (personal observation), whereas a river
such as the Salmon, with a moderate suspended load, can support an aquatic moss and
lichen flora.

The structure of the river channel creates differences in current force and, in con-
sequence, differences in species dominance. Results from the transect pairs indicate
that, as current increased, the vegeration became structuraly more compact and tougher
in texrure. Transeces located in stronger currents consistenly contained 13, reticalatum,
which has a more compact growth habit and is apparently tough-textured, rather than
the soft-textured S. agmatica (Fig. 2 and Table 1). Compact growth habits were less
susceptible to destruction by hydraulic pressure. The textural difference may reflect
selection by the abrasive forces. The less abrasive the forces occurring at a site, the
softer the texture of the species than can occupy these sites. Therefore, the force of
current, size, speed, and amount of sediment load within a river’s cross-section de-
termines the species composition at any given site,

High Flood Zone

The high flood zone contained two mosses, Barbwla rubiginosa and Grimniia montana.
This zene occurs along the river’s course more consistently than any other zone. Heighr
above mean warter level was the only factor that appeared to relate to the high flood
zone. Given a long period without a high flocd, terrestrial vegetation probably could
remporarily invade this zone.

Extreme High Flood Zone

The extreme high flood zone is an area that usually supports terrestrial vegeration.
In 1974, an extremely high flood occurted which clearly marks this zone (Fig. 1).
At present, this zone is predominantly batren of vegetation. The aquaric mosses and
lichens in the other three flood zones are strongly atcached to the rock substrate.
Therefore, these species resisted the destructive hydravlic and abrasive forces of the
extreme high flood, whereas terrestrial species were dislodged. The age of terrestrial
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species present in the excreme high flood zone could be used to date the occurrence
of the last previous extreme high flood (Gregory 1976).

Patrerns of presence and absence of vegetation suggest conditions required for the
survival of aquatic moss and lichen communitics. These requiremenrs are a stable
substrate, lack of strong abrasive forces, fluctuating water levels, and high dissolved
carbon dioxide levels (Ruttner 1963, Gessner 1950,

The Salmon River is ideally suited for an aquatic moss and lichen flora zonation.
Much of the stream channel is composed of solid stable bedrock or large stable boulders;
the abrasive forces are moderate and decrease in areas not in the direct current; the
Salmon is undammed and naturally exhibits a large recurrent seasonal fluctuarion; and
it is rapid chroughout its lengrh, which results in an abundant supply of dissolved
carbon dioxide. Mosses are unable to photosynthesize using only bicarbonate ions as a
carbon source (Ruttner 1963, Hynes 1970). Therefore, they are confined to water
where there is an adequate supply of dissolved carbon dioxide. Rapids also protect
streamside vegeration by restricting destructive winter ice floes to the midstream.

Comparison of Zonation between Headwaters and Lower Reaches

The headwaters had an average total height (&= 95 percent confidence interval) of
screamside lichen and moss zones of 1.9 m (== .3 m), compared to that of over 80 m
(= 1.1 m} for the lower reaches. Headwater transects had an average of only 80
percent (= 32) cover compared to 99 percent (= 2) cover in the lower reaches.

These differences may be explained as follows. First, the headwaters have a more
open canyon topography with less stable rocks. The river gradient is steeper and thus
the suspended load can be of a larger size and speed than in the lower reaches. Flooding
of the headwaters is of short duration because of the small size and narrow elevational
range of its drainage. By comparison, the lower reaches of the river drain a much
larger area and a broader elevational range, resulting in more frequent floods of longer
duration. The aquatic moss and lichen flora in the lower reaches is therefore con-
sistentliy flocded for a longer period of time than those in the headwater reaches.

Since the climate is wetter in the upper reaches, there are more seepage areas thac
are not dependent on flooding for moisture. In comparison, the lack of moisture in the
xeric climate of the lower reaches makes more of the flora dependent upon flooding.
These differences may account in part for the greater development of zonation patterns
in the lower reaches.

Information from this study could be used in several ways. The Barbula-high flood
zone could be used as an indicator of channel capacity and of high flood level at un-
guaged sites. At any given site and date, the water level could be compared to the vege-
tationa] zones, thereby evaluating the flood state. The frequency of high fiood rhar de-
termines the Barbula-high flood zone could, in a future study, be calculated by correlating
the Barbula level to flood levels at a gauged site. Species composition ar any given
site could tell us abour the stability of that sabstrate and the force of the currenc ac that
site.
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Appendix A
Vascular plants agsociated with geasonal flooding along the Salmon River.

Genus Species Common Name Common Site

Corydallis caseana (lorydalis
Dodecatheon Jefireyi shooling star
Artemisia lindleyans riverbank woodworm

(headwaters only) silt
(headwaters only) sil
rock or sandy areas

Aster hesperius willow aster rocky silted areas

Equisefum variegatum
E. arvense
E. hyemale

Juneus spp.
Eleocharis spp.
Sallx sp.

Carex mmdata

Elymus innovatus

Mentha spp.

Rhus trilobata
Melllotus oificinalis
Flyeyrrhiza lepidota

Chrysopsis villosa
Tanacetum vulgaris

Conyza eanadensis
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variegated horsetail
field horsetall
commen horsetail

rush
spike-rush
willow

torrent sedge

riverbank wildrye
mint

poison ivy

vellow sweet clover
licorice-root

golden hairy aster
tansey

horseweed

water seeps (partial shade)
water seeps
wialer seeps

water seeps
standing water
variable

in silt

rocky silted areas

variable
disturbed and variable
variable
{lower reaches} sand

rounded river rocks
(lower reaches) deep silt

dry




Panicum serthnerianom gcribner witchgrass water seeps

Bromus teclorum cheatgrass variable to dry sites
Chenopoedium boyires feather geranium (lower reaches) sand
Apocynum androsaemiiolinm dogbane rocky, sand/silt areas
Celtis reticulata hacKberry {lower reaches}) variable
Zanthium sirumarium cocklebur {lower reaches) sand
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