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Abstract.--California riparian forests are dominated by
deciduous trees and are thus anomolous in a state where most
dominant woody plants are evergreen. Riparian zones pro-
vided refuges where riparian elements of the Arcto-Tertiary
Geoflora could survive when its upland elements were deci-
mated by the development of California's mediterranean-type
climate. Water and nutrients imported to California's dry
lowlands from wetter mountains by perennial streams permit
high summer primary productivity in riparian communities
while adjacent upland vegetation is severely drought stres-
sed. High riparian productivity makes the cost of annual
replacement of deciduous foliage affordable because such
foliage is more photosynthetically efficient than that of
evergreen upland dominants. Bird abundance and diVersity in
riparian communities are related to this high riparian pro-

ductivity.
INTRODUCTION however, than in ecosystems where light, warmth,
and water are all simultaneously available in
Much of California has a mediterranean-type - abundance. The productivity potential which is
climate. 1In such climates rainfall and snowfall frequently unfulfilled in California because of
are maximal in winter, when minimal solar radia- summer drought stress is revealed by the in-
tion limits plant growth. When the long days of crease in crop yield obtained there with irriga-
summer potentially maximize growth, rainfall is tion, and by the productivity of the riparian
minimal or nil and many plants are dormant or vegetation which lines or once lined perennial
under severe drought stress. Thus moisture and streams. These streams carry the part of the
solar radiation, two necessities for plant winter water surplus which is slowly released
growth, are exactly out of phase (Major 1977). from deep aquifers and melting mountain snow,
making it available to lowland riparian vegeta-
Even near the moist northwest coast of Cali- tion in summer when 1little water is provided by
fornia, fields of annual grasses in the hills the local climate. The resultant greater produc-
above Redwood National Park (Humboldt County) are tivity and biomass of this vegetation is fre-
dead by late summer. Summer drought is also a quently obvious when contrasted with that of
major factor contributing to the uniqueness of nearby communities which lack imported water.
California's alpine flora (Chabot and Billings Riparian forests in central Asia ecologically
1972). Only at a few desert localities in Cali- similar to those of California's Central Valley
fornia do some summer months have more rain than are among the world's most productive natural
any single winter month, but here rainfall is so ecosystems (Major 1977). When the current vacuum
scanty and unpredictable at all times that vege- in California riparian research is filled, it is
tation is sparse and the flora limited to spe- likely that riparian systems here will be found
cialized drought resisters or evaders. to be comparably productive.
Most California vegetation is maximally
productive in spring, when days are longer and BIOGEOGRAPHY OF RIPARIAN FOREST COMPONENTS
warmer than in winter, and some moisture is still
available. Stressful winter and summer conditions Axelrod (1973) has provided compelling
are thus both avoided. Productivity is less, paleobotanical evidence that California's
mediterranean-type climate is a relatively late
1 phenomenon which first appeared in the upper
Paper presented at the California Pliocene. This and other climatic perturbations
Riparian Systems Conference. [University of caused the Arcto-Tertiary Geoflora, a zone of
Calif%rnia, Davis, September 17-19, 1981]. rich and diverse forest which was once continuous
Glen Holstein is Lecturer, Botany around the Northern Hemisphere, to retreat and
Department, University of California, Davis. become impoverished. Destructive impoverishment




of the Arcto-Tertiary Geoflora by spreading
drought and cold was severe in western WNorth
America and Europe, but many of its elements
survived in major refuges 1in eastern Asia, the
Pontic region of southwest Asia, the Mexican
highlands, and the southeastern United States.
California's expanding mediterranean-type climate
caused the replacement of many Arcto-Tertiary
communities by drought-resistant vegetation known
as the Madro-Tertiary Geoflora, which had long
been adapted to local dry habitats (Axelrod
1975).

Riparian forests, as ecosystems in but not
under the control of a mediterranean-type cli-
mate, seem likely refuges for Arcto-Tertiary
elements within California, and Robichaux (1977)
has shown in a review of their fossil record that
most dominant California rtiparian forest taxa
have modern ranges reduced from more widespread
Tertiary distributions. These dominants all have
relatives which are common in the Arcto-Tertiary
derived deciduous forests of eastern North Amer-
ica (Axelrod 1960), and their dominance by deci-
dupus trees and shrubs gives these vegetation
types a similar aspect. Examination of the evo-
lution and biology of the taxa dominant in Cali-
fornia riparian forests provides further clues to
the origin, evolution, and relationships of
western North American riparian vegetation.

Acer (Maple)

This large genus, with 200 species of mostly
deciduous trees, is one of the most important
components of the temperate deciduous forests of
the MNorthern Hemisphere, aund its modern range
coincides closely with those communities which
are predominantly derived from the Arcto-Tertiary
Geoflora (Hora 1981). It is by far the largest
of the two genera in the Aceraceae and is the
only one occurring mnaturally in North America,
where it includes major upland dominaants such as
A. saccharum and widespread riparian species
such as A. saccharinum and A. negundo.

The Aceraceae are part of the Sapindales
{(Cronquist 1968; Dahlgren 1975) or the essential-
ly equivalent suborder Sapindineae of Thorne
(1976), taxa which are otherwise largely domi-
nated by entomophilous, evergreen, or drought-
deciduous tropical to subtropical woody plants
with compound leaves. The Hippocastanaceae are
probably the closest relatives of the Aceraceae,
and both of these families are unusual within the
Sapindales because of their winter dormancy and
largely north temperate distributions.

Acer consists mostly of winter-deciduous
trees, but it is otherwise quite diverse and
includes morphoclines both from compound to
simple leaves and from flowers which are corol-
late and entomophilous to those which are re-
duced, apetalous, and wind pollinated. In both
cases these clines reflect a shift from the pri-
mitive Sapindalean condition to a derived condi-
tion typical of the majority of dominant north
temperate forest trees.

The four California species of Acer, A.

glabrum, A. circinatum, A. macrophyl-
lum, and A. negundo var. californicum,
all can occur along streams, but only A.

negundo (box elder) is primarily riparian. The
other species are wore common in mesic upland
sites in the wetter parts of montane and coastal
California, where gradients between riparian and
upland vegetation are much more diffuse and less
distinct than in the drier areas of the state.

A. macrophyllum 1is a particularly common
and important tree throughout much of coastal and
montane California, and it is listed by Roberts
et al. (1977) alomg with Sequoia semper-
virens, Umbellularia californica, and sev-—
eral more strictly riparian species as one of the
common trees of California's north coastal ripar-—
ian forests. In this region A. macrophyllum,
(5 sempervirens, and u. californica all
occur from streambanks to the shaded, moist up-
land sites where they are most abundant.

4. negundo is frequent in riparian zones
throughout the Mississippi basin and the Great
Plains. Locally, it extends to the Atlantic
coast and occurs along scattered streams and
rivers in the southern Rocky Mountains, the
Southwest, and Califormia (fig. 1). Few other
North American trees are transcontinental.

Within California A. negundo is locally
common in riparian communities in the drier parts
of the Coast Ranges and in the lower parts of the
Sacramento and San Joaquin Valleys, where marine
airflow through the Carquinez Straits somewhat
moderates summer temperatures. Virtually nowhere
in California, however, is it dominant. It is
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Figure l.——Range of Acer negundo (AN) in-
cluding A. negundo var. californicum
(ANC) (after Little 1971).



normally a shade-tolerant subordinate tree in
dense riparian vegetation dominated by Populus

fremontii, B. trichocarpa, Salix ~ good-
dingii, S. laevigata, S. lasiandra, or
[ lasiolepis. Association with P. fre-

montii is especially frequent.

Dispersal of A. negundo is by wind
dispersed samaras, but these are produced in
smaller quantities and are less easily dispersed
than the lighter, comose seeds of Salix and
Populus. As a result, box elder is less effi-
cient at colonizing the new riparian habitats
which are frequently created on sandbars and
along ditches and canals. :

A. negundo appears to be in decline in
California since it is a relatively poor compe-
titor which has been restricted to the most

highly competitive riparian zones. It may now be
at an early stage of the process by which cli-
matic vicissitudes eliminated (e.g., A. sac-
charinum and Ulmus americana)  (Axelrod

1977) or almost eliminated (e.g., Juglans
hindsii) other riparian taxa from California
whose relatives are still common in the much more
extensive riparian systems of eastern TWorth
America, which receive summer rain.

A. negundo is taxonomically isolated
among North American maples since it 1s the only
member of section Negundo on this continent.
This section is distinct enough to be segregated
as the genus Negundo Boehm. by some (Willis and
Airy Shaw 1973). 1Its other species are Asian,
and it combines the putatively primitive charac-—
ter (within Acer) of compound leaves with
dioecy and inflorescences which are apetalous and
anemophilous in A. negundo but corollate in
at least some Asian species (Rehder 1940).

Alnus (Alder)

Alnus 1is a morphologically homogeneous
genus of 35 species of deciduous trees and shrubs
of the Northern Hemisphere and the Andes, and it

- has monocecious, anemophilous catkins and nutlets
which vary among species in the degree of devel-
opment of marginal wings and the resultant rela-
tive importance of wind, water, and gravity
dispersal (Sudworth 1908; Fowells 1965).

It shares a distinctive pattern of ecologi-

cal adaptation with some other important Califor-
nia riparian genera like Salix. These consist
primarily of large, obligately riparian trees in
warm temperate c¢limates but are increasingly
dominated by widespread shrubs which are only
facultatively riparian in colder Dboreal and
montane regions, Unlike other genera with large
California riparian trees, however, Alnus con-
tributes no important trees to North America's
eastern deciduous forest. The commonest alder
there is the shrubby A. serrulata. The adap-
tations needed by alders which are temperate
riparian trees and those which are boreal and
montane shrubs may not be greatly different since
snowmelt frequently saturates soils of cold
regions during the brief growing season and

creates conditions similar to those found only
along streambanks and lakeshores in warmer cli-
mates, Alders can symbiotically fix nitrogen,
which otherwise may be limiting in forest envi-
ronments and elsewhere (Spurr and Barnes 1980).

Alnus is a member of the Betulaceae, a
family of mostly north temperate deciduous and
anemophilous trees and shrubs which 1is in the
Fagales (Cronquist 1968; Dahlgren 1975; Thorne
1976), an order it shares with the Fagaceae, to
which it 1s linked by several intermediate genera
(Corylus, Carpinus, Ostrya, and Ostryop-
sis) sometimes placed in Betulaceae and some-
times 1in the segregate families Corylaceae and
Carpinaceae (Willis and Airy Shaw 1973). The
Fagales are the most important single order of
anglosperm trees in temperate regions and most
member taxa have Arcto-Tertiary distributions.

Alnus has four California species: A.
sinuata, A. tenuifolia, A. rubra, and
A. rhombifolia. The first two are largely

shrubs of the boreal/montane type mentioned pre-
viously, but they can occasionally grow large
enough along streams to be riparian trees (Sud-
worth 1908). The second two are among Califor-
nia's most important riparian trees. All Califor-
nia alders are in subgenus Alnus except A.
sinuata which is in Alnaster.

Alnus rubra (A. oregona), the red
alder, is assoclated with the North Coastal Coni-
ferous Forest (Munz 1959) from the Alaska pan-—
handle to the coast of San Luis Obispo County
(Little 1971: Griffin and Critchfield 1972).
Within its range (fig. 2) it is frequently the
dominant riparian tree. This largest of American
alders (Elias 1980) is also very common on moist
slopes, especially after conifers have been re-
moved by logging operations, but it is much more
likely to form dense and distinctive riparian
gallery forests which it overwhelmingly dominates
than are trees such as Acer macrophyllum,
which are also found from moist slopes to stream-
sides. A fine example of such a gallery forest
is protected along Prairie Creek in Humboldt
County at Prairie Creek Redwoods State Park.

Alnus  rhombifolia  (white alder) forms
similar gallery forests throughout much of the
rest of California south and east of the range of
A. rubra (fig. 2), but it much more obligate-
ly restricted to streamsides than 1its coastal
relative. As a result, it 1is the most reliable
indicator of permanent water among California's

riparian trees (Jepson 1910). A. rhombifolia
is the wusual dominant in California's montane
riparian forests up to about 1,600 m., but it

also 1s dominant near sea level along Alameda
Creek in Alameda County's Niles Canyon and numer-—
ous other similar places. It is most common
along fast-flowing mountain streams west of the
crest of the Sierra Nevada and near the coast
south of Sonoma County (Griffin and Critchfield
1972). White alders are absent from much of the
Central Valley floor but are common along the
Sacramento River in Shasta County (ibid.) and
further south (Conard et al. 1977). Such




Figure 2.--Ranges of Alnus rubra (ARU) and
A. rhombifolia (ARH) (after Little
1971, 1976). '

montane—coastal distributions suggest intolerance
for summer heat ({e.g., Populus trichocarpa),
but this is wunlikely in the case of A. rhom-
bifolia since it 1is common in the vicinity of
Redding, where summer temperatures are as high or
higher than in most of the area where it is ab-
sent. The ecological factor which most controls
the distribution of A.. rhombifolia seems to
be a need for constant saturation of its root
zone by cool, well-aerated water.

The total range of A. rhombifolia ex-
tends from southern California to cemntral Wash-
ington in the Peninsular, Transverse, Coast,
Sierra MNevada, Klamath, and Cascade ranges, with
an extension through the Columbia River Basin to
northwestern Idaho (Little 1976)}. It is most
common and 1ts range most continuous 1n the
Sierra MNevada, Klamath Mountains, and northern

Coast Ranges of California. A. rhombifolia

and A. rubra are morphologically similar and
closely related, but hybrids between them do not
seem to have been reported. They apparently
diverged from a common ancestor at an unknown
time in the Tertiary or Quaternary Periods and
adapted to wet and riparian sites within the
Sierran-Klamath and north coastal forests,
respectively.

Betula (Birch)

Betula is the second genus in the Betula-
ceae when that family 1is narrowly defined to
exclude the Corylaceae and Carpinaceae (Willis
and Airy Shaw 1973). Its characters are similar
to those of its sister genus, Alnus, which it
resembles in its deciduous habit, its anemophi-
lous catkins, its mnorth temperate range, and

its nutlets, which are more consistently winged
and wind dispersed than those of Alnus.
Betula also shares a similar range of
adaptations with Alnus since it 1includes both
temperate =zone trees and arctic and montane
shrubs, but Betula contributes many more
important upland trees to the deciduous forests”
of eastern North America than Alnus, which is
more important as a source of dominant trees in
western riparian forests than Betula.

California has two species of Betula:

B. occidentalis (B. fontinalis) and B.
glandulosa, but only the former reaches tree
size. B. occidentalis (water bireh) 1is a

large shrub or small tree of riparian sites which
is widespread im the cordilleran region of wes-
tern North America (Little 1976) but is restric-
ted to just a few parts of Califormia. = It is
relatively frequent in the Klamath Mountains and
on the east slope of the southern Sierra Nevada,
but much less so in the Warner, White, and Pana-
mint Mountains (fig. 3). The Klamath and Warner
Mountains have an abbreviated summer drought
because of their northern locations, and the
southern Sierra Nevada's east slope and the White
and Panamint Mountains all regularly receive
summer thunderstorms of tropical origin. As a
result, all California  populations of  B.
occidentalis receive quantities of summer rain
which are unusual for that state and which
approach the greater amounts received by the much
larger populations in states to the east and
north. Consequently, lack of summer rain must be
suspected as an ecological factor limiting the
range of this species despite its adaptation to
riparian  zomnes. Non~riparian Pinus balfour-
iana and other taxa have similar distributions
for similar reasons (Raven and Axelrod 1978).
Seedlings can be much more sensitive than mature
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Figure 3.--Range of Betula occidentalis (BO)
(after Little 1976). :




plants to environmental stresses like summer
drought (Grime 1979).

B. occidentalis is in series Albae
within Betula (Rehder 1940) and is thus a close
relative of the white birches such as B.
papyrifera, B. pendula, and B. pubes-
cens, which are very important early succes-
sional trees throughout the upland boreal forests
of North America and Eurasia.

Cephalanthus (Button Bush or Button Willow)

Cephalanthus occidentalis, an obligately
riparian small tree or shrub, is the single Cali-
fornia representative of this genus of 17 species
which is widespread in the warm regions of the
world and is one of only three California genera
in the very large (500 genera and 7,000 species)
family Rubiaceae, best known in temperate regions
for the large and wusually herbaceous genus
Galium. Most of the Rubiaceae, however, are
understory trees and shrubs in tropical forests.
The family is clearly of tropical derivation and
its placement in the Gentianales by Dahlgren
(1975) and Thorne (1976) and in the related
Rubiales by Cronquist (1968) reflects consider—
able consensus cocerning its evolutionary rela-
tionships. Cephalanthus is in the subfamily
Cinchonoideae, which is largely woody and tropi-
cal, rather than in the Rubioideae, which in-
cludes most of the family's temperate herbs and
its other California genera.

c. occidentalis 1is. primarily a deciduous
shrub and only rarely reaches tree size in Cali-
fornia. 1Its flowers are small but corollate and
probably entomophilous like those of most Rubia-
ceae, and the fruit is a dry schizocarpic
mericarp which lacks obvious . adaptations for
dispersal. :

Like A. negundo, C. occidentalis is
found naturally in both Atlantic and Pacific
coast. states (fig. 4). It is widespread in the
East and ranges south through Mexico to Honduras,
but it is restricted to a few.Arizona stations
and to the floor and adjacent watershed of Cali-
fornia's Central Valley in the West (Little
1976). In California and in most of the rest of
its range it is limited to areas with mean July
temperatures above 20°c where most of the root
zone is reliably saturated with water throughout
the year. Relatively poor dispersal has made it
a0 inefficient colonizer of the banks ofiartifi=
cial ditches and canals, but it is still common
along many permanent natural streams. In back-
waters where still, poorly oxygenated water
stands throughout the year, G. occidentalis
is best developed and can be dominant (Conard
et al. 1977), but such habitats in California
have been almost entirely destroyed by water
resource and agricultural development. Their
Button Bush Swamp Forest vegetatiom type is thus
among the rarest and most endangered 1in the
state. A particularly fine example of this vege-
tation is still extant along the Cosumnes River
in southern Sacramento County west of Galt, and
its continued preservation should receive high

Figure 4.-—Range of Cephalanthus occidentalis
(co) (after Little 1976).

priority from California's conservation commu-
nity.

It is clear that GC. _occidentalis in
california is a rvelict which has survived the
loss of a warmer and wetter climate because of
the fortuitous juxtaposition of the hot Central
valley and the high mountains which surround it
and keep it continuously supplied with abundant

‘water.

Fraxinus (Ash)

This genus has a range which matches almost
exactly that of the Arcto-Tertiary Geoflora, and
it shows a range of adaptations including decid-
uousness, anemophilous catkins, and wind-dis-—
persed samaras which is typical of the flowering
trees in the modern forests derived from it.
Fraxinus clearly evolved these characters by
convergence, however, since 1its probable ances-
tors had few if any of them.

It is a member of the Oleaceae, whose place-
ment in the Oleales by Dahlgren (1975) and Thorne
(1976) and in the Scrophulariales by Cronquist
(1968) only hints at the lack of consensus among
plant evolutionists about its origin. Most other
members of the family have entomophilous flowers
with well-developed corollas, and many are tropi-
cal species with evergreen leaves and fleshy
fruits adapted to internal dispersal by birds.
Fraxinus itself includes a floral reduction
series which suggests the mode of evolution of
its apetalous, wind pollinated catkins since
several species along the southern periphery of
its range, including F. cuspidata in the
southwestern United States and northern Mexico
and F. ornus in southeastern Europe, have




fragrant entomophilous flowers with conspicuous
corollas. Evergreen leaves are less common, but
they occur in F. gooddingii of southern Ari-
zona and northern Sonora (Elias 1980).

Most ash species 1like F. cuspidata and

F. ornus which have primitive characters
typical of the Oleaceae are included in section
Ornus. Section Fraxinaster, however, in-

cludes many species of upland (F. americana,
F. excelsior, E. quadrangulata) and L=
parian (E. nigra, F. Eennszlvanica) trees
which are important in north temperate deciduous
forests and share many characters with the trees
most highly adapted to that ecosystem in other
families (Rehder 1940).

California 1is wusually considered to have
four Fraxinus species (F. dipetala, F.
anomala, F. latifolia, and F. velutina)
(Munz  1959). F. dipetala is interesting
among these as a Fraxinaster species with a
corolla (Rehder 1940) and F. anomala for its
frequently simple leaves, but only F. lati-
folia and F. wvelutina are important ripar-
ian trees in California (F. anomala is a
riparian species of the Colorado Plateau with a
few relict populations in the mountains of the
eastern Mojave Desert). These are only nominally
species, however, since the riparian ashes of
California (fig. 5) are part of an attenuated but
essentially continuous cline between more impor-—
tant ash populations in Arizona (F. velutina)
and in Oregon and Washington (F. latifolia)
along which species can be separated only artifi-
cially and arbitrarily (Griffin and Critchfield
1972).

The Pacific Northwest has a relatively short
summer drought because of its northerly latitude,
and Arizona regularly receives heavy summer thun-
derstorms of tropical origin, so both areas have
much more summer rain than California. There
ashes must rely almost entirely on riparian water
during the growing season, and probably as a
result, they are a very subordinate component of
the state's riparian forests except unear its
northern border, where F. latifolia becomes
more important as the climate becomes more like
that of Oregon. In the rest of California F.
latifolia/F. wvelutina occurs sparsely as a
non-dominant riparian tree in the northern Coast
Ranges, the Central Valley, the west slope of the
Sierra Nevada, and in southern California, but it
is rare or absent in the southern Coast Ranges,
where summer drought is especially strongly de-
veloped and very few streams are naturally perma-
nent. The Tehachapi Mountains and the western
Transverse Range are conventionally used to se-—
parate these '"species" in California (Griffin and
Critchfield 1972).

The biology and distribution of California's
riparian ashes suggest that they are declining
relicts 1like Acer negundo wvar. californicum
which are probably somewhat more tolerant of heat
and low humidity but less tolerant of summer soil
moisture deficits than that taxon. On a larger
scale, Arizona and the Pacific Northwest

Figure 5.-—Ranges of Fraxinus latifolia (FL),
F. velutina (Fv), and F. pennsyl-
vanica (FP) (after Little 1971, 1976).

appear to be relict nodes where populations of a
once more widespread (Robichaux 1977) and proba-
bly continuously transcontinental riparian ash
have successfully survived Quaternary climatic
perturbations that eliminated it im much of the
West and greatly reduced it in California. F.
velutina and F. latifolias s are; = in. fact,
both similar enough to riparian F. pennsyl-
vanica of the eastern United States (fig. 5) to
be considered its subspecies (Miller 1955).

Juglans (Walnut)

This genus of deciduous trees has a largely
Arcto-Tertiary distribution like many of the
other important California riparian genera, but
its distribution within the Arcto-Tertiary =zomne
is incomplete because of its absence from large
areas, including much of Europe. It 1is best
developed along the southern margins of this zone
and extends far south of it to Argentina along
the Andes.

Juglans and Carya are the only genera in
their family, the Juglandaceae, which still in-
clude widespread and important north temperate

forest trees. Both have distributions which
suggest reductions from formerly more complete
Arcto-Tertiary ranges. The other genera of the
family, Pterocarya, Engelhardtia, Oreomun—

nea, Platycarya, and Alfaroa, are all re-
stricted to much smaller warm temperate to tropi-
cal Arcto-Tertiary refuges in Middle America or
Asia.

The Juglandaceae have often been treated as
a distinctive order, the Juglandales, and associ-
ated (in the subclass Hamamelidae or Amentiferae)




with other families of temperate trees which
share their characters of large-seeded woody
fruits and anemophilous catkins (Cronquist 1968),
but much current opinion (Dahlgren 1975; Thorne
1976) interprets these similarities as conver-
gence and places the Juglandales cleose to or in
the Sapindales/Rutales, the order of compound-
leaved tropical trees from which the Aceraceae
were also derived through a separate lineage.

The United States has six of the world's 15
species of Juglans, but J. cinerea 1is the
only strongly distinctive species among these
six. The other five include J. nigra, an
important upland to weakly riparian forest tree
of the eastern deciduous forest (Fowells 1965),
and four species of wvarious refuge areas in the
West (fig. 6). The western species closely re-
semble J. nigra and suggest the same pattern
of Late Tertiary to Quaternary reduction in the
range of a formerly transcontinental species
which we have seen 1in Fraxinus. These four
include the two California species of Juglanms,
J. californica and - J. hindsii, both  of
which are endemic to the state.

J. californica is a mostly non-riparian
tree of southern California which is depauperate
relative to J. nigra and J. hindsii but
is not greatly different from them morphologi-
cally. It is restricted to deep, friable Ter-
tiary marine shales with high water-holding
capacity which permit it to survive as a local
dominant on wupland sites since the warm spring
temperatures of southern California allow summer-

—

Figure 6.-——Ranges of Juglans hindsii (JH),
californica (JC), J.  major (JMA),

microcarpa (JIMI), and J. nigra
JN) (after Little 1971, 1976).
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wet conditions to be simulated earlier in the
year wherever soil storage capacity is adequate
to hold surplus water from winter rains.

J. hindsii was apparently restricted to
a very few sites in central California when Euro-
pean settlement began there, and at least some of
these sites were riparian (Griffin and Critch-
field 1972). Since this species was probably
derived from ancestors which were adapted to a
summer-wet climate and were only weakly riparian,
it 1is likely that J. hindsii was escaping a
mediterranean—~type climate to which it was com-
pletely unadapted in a riparian zone to which it
was poorly adapted. Its large, nutrient-rich
seeds in heavy nuts with little obvious capacity
for dispersal are a more appropriate adaptation
for reproduction in a stable forest (Grime 1979)
than in the highly unstable, frequently flood-
prone riparian environment that existed in Cali-
fornia before most of its streams were dammed.

J. hindsii was clearly on the verge of
natural extinction when California was first
settled by Europeans and was at the midpoint on a
continuum between those taxa with similar his-
tories such as Nyssa and Ulmus which are now
known only from California's fossil record (Axel-
rod 1973) and those such as Acer negundo and
Fraxinus latifolia which survived wuntil the
settlement period with greater but still decli-
ning ranges and abundances (Robichaux 1977).
Ironically, since European settlement, J.
hindsii has been widely planted and subsequent-
ly commonly naturalized in California's now
largely stabilized riparian systems at a time
when its once much wmore abundant congener J.
californica 1is declining rapidly because of the
urban expansion of Los Angeles.

Platanus (Sycamore)

Platanus, even more than Juglans, is an
example of an o0ld, declining Arcto-Tertiary
genus, since it 1is now largely restricted to warm
temperate to tropical refuges along the southern
periphery of the Arcto-Tertiary zone despite an
extensive and diverse fossil record from as far
north as Greenland (Engler and Melchior 1964).
Only P. occidentalis of the eastern United
States 1is still an important forest tree in a
ma jor north temperate forest biome.

Platanus 1is traditionally placed 1in the
monotypic family Platanaceae, which 1is widely
agreed to belong 1in the order Hamamelidales
(Cronquist 1968; Dahlgren 1975; Thorne 1976), a
relationship which links it to several other old
families of Arcto-Tertiary trees and shrubs. The
Hamamelidales show ancient tendencies toward the
deciduous tree habit, unisexual wind pollinated
flowers, and wind dispersed fruits, characters
which are typical of the modern dominants of
north temperate forests and of all 10 living
species of Platanus, a taxon which culminates
one of probably several floral reduction series
within the order and its relatives (Thorne 1976).




Platanus in the United States includes

P. occidentalis and two closely related
species of the Southwest, P. wrightii of
Arizona, New Mexico, and northwesterm Mexico, and
P. racemosa of California (fig. 7). All

three species are strongly riparian, but the two
southwestern species are more similar to P,
orientalis, a riparian tree native from south-
eastern Europe to the Himalayas, than to the
geographically closer P. occidentalis (Hsiao
1973). This may reflect ancient relationships
and patterns of extinction within Platanus, but
the very close relationship between P. race-
mosa and P. wrightii suggests rthey were
separated relatively recently when expanding
deserts separated woodlands that were continuous
between Arizona and California in the Miocene
(Axelrod 1975; Raveu and Axelrod 1978).

Figure 7.--Ranges of Platanus racemosa (PR)
and P.  wrightii (PW) (after Little
1976).

P. racemosa is a common riparian tree in
northwestern Baja California, southern Califor-
nia, the southern Coast Ranges, the southern
Sierra Nevada foothills, and the Sacramento
Valley, but it is scarce in the San Joaquin
Valley and absent from the northern Coast Ranges ,
where much seemingly suitable habitat occurs
(Griffin and Critchfield 1972). P. racemosa
is an important secoundary component of the mixzed
riparian forests of the Sacramento Valley, where
it is often associated with sites higher and
drier than those where dominant Populus fre-
montii is found (Conard etratl B0 but
it is particularly conspicuous as frequently the
single dominant tree along the intermittent
streams of the southern Coast Ranges and southern
California. Very large sycamores form an open
woodland along such streams, and fine examples of
this distinctive vegetation-type can be seen
along Pacheco Creek in southern Santa Clara

County and along Orestimba Creek in Stanislaus
County.

Intermittent streams are general in southern
California and the southern Coast Ranges because
of their mediterranean-type climate and lack of
extensive highland snowfields to provide summer
runoff, and sycamore woodlands are particularly
characteristic of those with beds of coarse,
porous sand and gravel. Such substrates are
common in the region where sycamore woodlands
occur because it has been subjected to very rapid
and recent Plio-Pleistocene wuplift which may
still be continuing and to massive erosionm which
has inevitably followed (Page 1981). The small,
comose achenes Qi P racemosa are easily
carried long distances by wind, enabling the
rapid reestablishment of these woodlands after
the flood damage which was frequent before Cali-
fornia streams were dammed.

The obligate restriction of P. racemosa
to riparian zones indicates a need for access to
groundwater within 1its root zone, but its pre=
ference for dry, porous sites within riparian
zones suggests that for a riparian species it
also has a rather high requirement for aeration
of at least part of its root zone. The reasons
for its complete absence from the northern Coast
Ranges are not obvious since seemingly suitable
intermittent streams with coarse beds are fairly
common there. Along some of these streams on the
dry east slope of the northern Coast Ranges
native riparian trees are replaced by halophytlc
graminoids and an introduced Tamarix species,
probably because their flows are made brackish by
salts 1leached from the Cretaceous marine. sedi-
ments which dominate their watersheds, but
many other northern Coast Ranges streams have
fine riparian gallery forests along their banks.
The clay-rich Franciscan Formation dominates the
northern Coast Ranges, but the same formation
yields enough sand and gravel to support major
stands of sycamore woodland in parts of the
southern Coast Ranges. Temperature does not pro-
vide a simple explanation for the absence of
sycamores from the northern Coast Ranges because
summers there are not necessarily hotter or
cooler nor winters colder or milder than those at
places well within the range of P. racemosa.

A possibly significant factor limiting the
capacity of sycamores to invade the northern
Coast Ranges is that region's cool, wet spring.
The collective mean precipitation for May is 43
mm. among the climatie stations of both the
northern Coast Ranges and the Sacramento Valley,
but that month is 1°C warmer at the Valley sta-

o high Mg/Ca ratio may be important in

these streams as well since many have much ser-—
pentlnlte in their watersheds. This ratio is 1.6
in Cache Creek, which has many tributaries which
have always lacked riparian trees. The Mg/Ca
ratio, electrical conductivity, and dissolved Na
are, respectively, 87%Z, 628%, and 975% greater in
Cache Creek than in the Sacramento River into
which it flows.



tions. In the southern Coast Ranges tQF collec-
tive May mean temperature is also 1 C warmer
than in the northern Coast Ranges, but the col-
lective mean precipitation for that month is 28

mm, less (US Department of Commerce 1970).
Anthracnose  (Gnomonia  platani) is a very
serious and prevalent disease which can cause

complete spring defoliation of Platanus species
including P. racemosa, and it 1is known to be
promoted by cool and wet spring weather (Fowells
1965; Collingwood et al. 1974; Pirone 1970).
This fungus is currently severely stressing wild
populations of P. racemosa in Alameda and
Contra Costa Counties at the northwestern limit
of the range of that species, and it must be
suspected of limiting the further expansion of
sycamores northwestward in California.
Populus (Cottonwood)
Populus is the most important riparian
genus in California, and one of the twe major
genera of the Salicaceae, probably the most
important riparian family in the world. This
family was traditionally placed close to the

Hamamelidales and Fagales in the artificial taxon
Amentiferae because of its unisexual catkins, but

it is now recognized to be misplaced there. Its
characters, which include capsular fruit with
many seeds, suggest a much closer relationship to
the small, largely halophytic Tamaricales and to

the large and diverse assemblage of plants vari-
ously known as the Violales or Cistales. It is
distinctive enough, however, to be retained in
its own monotypic order, the Salicales (Cronquist
1968; Dahlgren 1975; Thorne 1976).

The Salicaceae,
widespread genus

which include the large and
Salix and the monotypic East

Asian Chosenia in addition to Populus, are
deciduous woody plants which are dioecious and

have very light and easily wind dispersed comose
seeds, They share the pattern seen in the Betu-
laceae of adaptation to riparian zones in temper-
ate climates (as well as tropical in the case of

Salix), with much wider extension into upland
habitats in boreal, montane, and arctic climates
where late snowmelt saturates the soil during
part or all of the growing season. Unlike
Alnus, Betula, and Salix, however, Popu-
lus  consists entirely of trees. Unlike
Salix, which is secondarily entomophilous

(Thorne 1976), it is entirely wind pollinated.

Populus consists of 35 species and ranges
throughout the North Temperate Zone into parts of

the Arctic. Four species (P. tremuloides,
P. trichocarpa, P. fremontii, and E.
angustifolia) are native to California. P.

tremuloides (aspen) is a largely upland species
which 1is widespread 1in the boreal and montane
parts of North Amnerica, and extends south to
some of the higher California mountains. P.
angustifolia is a riparian species of the Rocky

Mountains, which occurs in a few colonies in the
area east of the southern Sierra Nevada crest
where summer thunderstorms of tropical origin

also permit larger but still relict populations
of Betula occidentalis to survive.
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P. tremuloides is the most taxonomically
distinctive Populus species in California, and
others in section Leuce.

is set off from the
E. trichocarpa and P. angustifolia are
close enough to share placement in section
Tacamahaca, but even though P. fremontii is

set off from these species in section Aegeiros

(Rehder 1940), it can hybridize with P. tri-
chocarpa (Little 1953). Such hybrids seem to
be rare in California, but hybrids between P.
angustifolia of Tacamahaca and B. sar-
gentii of Aegeiros are abundant in the Great

Plains (Elias 1980).

125 fremontii (Fremont cottonwood) and
P. trichocarpa (black cottonwood) are the two

principal riparian species of Populus in Cali-
fornia, and P. fremontii is the single most

important riparian species in the state since it
dominates the great riparian forests of the Cen-
tral Valley (Conard et al. 1977) as well as
many of those elsewhere in cismontane and trans-
montane California  (Roberts et al. 1977).
Most of these magnificent forests have been de-
stroyed (Thompson 1977), but small good examples
have been preserved by the Nature Conservancy on
the Kern River, by the California Department of

Parks and Recreation at Caswell State Park, and
by a few other groups and agencies elsewhere.
Because of their great ecological significance
(Sands 1977; Hehnke and Stone 1978) every effort

should be made to preserve what remains of these
rapidly vanishing natural communities. Particu-
lar attention should be given to these in the
Sacramento and lower San Joaquin Valleys, where
preservation opportunities are greatest, and to
what remains of those along the Colorado River,
where destruction has been most complete.

P. trichocarpa 1is one of the largest
broad-leaved trees in North America, but it 1is a

less conspicuous riparian tree than P. fre-
montii in California because it is most common
in the cooler, wetter parts of the state, where

it frequently associates with highly competitive

riparian species such as Alnus rhombifolia,
and often grows near upland forests dominated by
giant conifers. Magnificent riparian forests
dominated by P. trichocarpa do occur in coas-

tal and montane California, however, and a fine
example remains along the Carmel River in Mon-
terey County.

The California ranges of P. trichocarpa
and P. fremontii overlap (Griffin and Critch-
field 1972), and individuals of the two species
frequently grow sympatrically without hybridiza-
tion. P. trichocarpa 1is essentially limited
to those parts of California with July mean tem-
peratures cooler than 2500, while California
populations of P. fremontii grow at sites

.with a range of jﬂly means approximately between

17%¢c and 36°C. The cood'ers. P. fremontii
sites are limited to coastal areas around San
Francisco Bay and from San Luis Obispo County

south where winters are mild and

season long.

the growing




The total ranges of these species and their
closest relatives outside California (fig. 8 and

9) reflect a pattern similar to that

of their

ecological relationmships in the state. P.

trichocarpa is common throughout the

cool, wet

Pacific Northwest north to southern Alaska and

east to the northern Rocky Mountains

1971), and its closest North American
are P. angustifolia of the Rocky
and P. balsamifera, a frequently upland

(Little
relatives
Mountains

Figure 8.--Ranges of P. trichocarpa

|ra

. balsamifera (PB) (after Little 1971).

(PT) and

=y

Figure 9.--Ranges of Populus

fremontii

(pF), P. deltoides (PD),
sargentii (PS) (after Little 1971).

and P.

il

species which 1is widespread in the continent's
boreal regions (Rehder 1940). P. trichocarpa
is considered conspecific with the latter by
Eckenwalder (1980).°

P. fremontii, in contrast, is found east
to Trans-Pecos Texas in riparian sites throughout
the Southwest, and it is most closely related to
the riparian species P. arizonica of the
Southwest, P. deltoides and P. sargentii
of warm temperate eastern North America, and i
nigra of warm temperate Europe (Axelrod 1975).
Macrofossils intermediate between P fre-
montii and P. deltoides are known from the
then warmer and wetter Miocene Ellensburg Flora
of Washington, where neither species occurs today
(Robichaux 1977).

These relationships suggest that both B

trichocarpa and P. fremontii are western
derivatives of formerly transcontinental Arcto-
Tertiary entities within Populus. P. tri-

chocarpa and its relatives within section
Tacamahaca are derivatives of a cool temperate
to boreal species complex, and P. fremontii
and the other species of section Aegeiros are
of warm temperate ancestry.

Quercus (Oak)

This huge genus of 450 species dominates the
upland deciduous forests of the North Temperate
Zone, but it also includes many riparian,
shrubby, and evergreen species, and extends south
through the American tropics as far as the Colom-
bian Andes. Quercus is in the Fagaceae, which
it shares with several other major tree genera,
and thus in the Fagales, which it shares with the
Betulaceae, Corylaceae, and Carpinaceae (Willis
and Airy Shaw 1973).

Quercus and other Fagaceae are wind polli-
nated and frequently deciduous like the Betula-
ceae, but their heavy, nutrient-rich fruits, like
those of Juglans, are poorly dispersable and
better adapted to germination in mature forests
than in the regularly disturbed riparian zoaes to
which -the light, easily wind dispersed fruits of
Alnus  and Betula are well adapted (Grime
1979).

The 16 California species of Quercus in-
clude most of the range of morphological diver-
sity in the genus, and all of its three subgenera
(guercus,_ Erythrobalanus, and Protobal-
anus), but Q. lobata (valley oak) 1is the
state's only major riparian oak. The other
species are primarily or exclusively upland trees
and shrubs, and even Q. lobata is somewhat
more common in upland than in riparian zones. 1In
the upland oak woodlands of the Coast Ranges it
is common in sites which have heavy, poorly
aerated soils with high water-holding capacity.
Such ecological conditions are similar to those
of the riparian sites where it occurs since these
tend to be both drier and less well aerated than
sites dominated by the other principal riparian
trees.




In addition to its occasional dominance of
upland oak woodland in the Coast Ranges when
ecological conditions are suitable, Q. lobata
can dominate two kinds of riparian communities:
1) riparian forest adjacent to streams when aera-—
tion is too poor for Populus fremontii, the
typical riparian forest dominant. Q. lobata
can form gallery forests in a matrix of treeless
grassland in such situations, which were once
common in the area of excessively heavy soil in
the Sacramento Valley where rice is now exten-—
sively grown. The grasslands have almost entire-
ly been converted to rice fields in this area,
and many gallery forests of Q. lobata lost as
well, but a Ffine example 1is still extant along
Honcut Creek in northern Yuba County; 2) forest,
woodland, and savanna on alluvial plains and
terraces, usually above and toward the wupland
edge of typical riparian forest dominated by
Populus  fremontii  (Conard et  al. 1977).
In these communities oaks must have access to
water throughout the growing season, and their
field relationships suggest that the accessi-
bility of their water supply determines their
density. Closed forests overwhelmingly dominated
by Q. lobata can occur where water is abun-
dant at relatively shallow depths, but progres=
sively more open woodland and savanna communities
in which oaks are scattered in a matrix of
grassland are found as water apparently becomes
more limiting. One of the very few field studies

of the water relations of California oaks was
done at such a Q. lobata community 1im Mon-
terey County. It suggested that while Q.
lobata had access to a reliable water table,
Q. douglasii of adjacent uplands probably did
not (Griffin 1973). However, since Q. lobata

can also occur on upland sites similar to those
of Q. douglasii (Griffin 1977), it should not
be assumed that all its populations have the

ready access to groundwater of its alluvial
communities.

California's alluvial Q. lobata communi-—
ties were once fairly common in parts of the

Central Valley and in many Coast Ranges valleys
as well, but since they were indicators of some
of the world's best agricultural soils, most have
long since been converted to farmland (Rossi
1980). A very few small but good examples of
California's alluvial Q. lobata forests are
still extant in Mendocino, Butte, Yolo, and Sac-
ramento Counties, and perhaps elsewhere. Every
effort should be made to permanently preserve
them while the opportunity still exists.

All oaks need water, and several other up-—
land species share some of Q. lobata's toler-
ance of poor soil aeration, so it is not surpri-
sing that they occasionally dominate riparian
communities as well. Riparian Q. douglasii
occurs along Mitchell Creek in Contra Costa
County; riparian Q. engelmannii is  found
along Pala and other similar creeks in San Diego

County; and Q. agrifolia forms a fine but
very unusual riparian forest along the lower
Mokelumne River on the floor of the Central
Valley. Since the latter species is ordinarily
restricted to the Coast Ranges and southern
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California, it must be assumed that marine air-
flow through the Carquinez Straits permits its
survival in this part of the lower San Joaquin

Valley. It is hoped that this rare and unstudied
natural community will also soon receive adequate
protection.

Q. lobata is a distinctive species
endemic to California (fig. 10) of subgenus
Quercus, the only one which extends to Eurasia
(Tucker 1980). This subgenus is quite diverse

and includes many large deciduous and evergreen
trees as well as a number of evergreen shrubs in
the Southwest and northern Mexico, but Q.
lobata does not seem to be particularly clesely
related to any of these. As a large deciduous

tree it is superficially similar to Q. garry-
ana, but it stands somewhat apart from the
series of increasingly drought-adapted species
which Q. garryana forms with Q. douglasii
and Q. engelmannii. it can occasionally
hybridize with each of these, however. Surpri-
singly, it naturally hybridizes most abundantly
with .the shrub Q. dumosa (ibid.), and it 1is

interesting but perhaps not significant that
several other small white oaks of the Southwest
have similarly elongated acorns with shallow
cups. Since it is not particularly close to any
of the eastern North American white oaks either,

it is perhaps best to view Q. lobata as a
distinctive derivative  of subgenus Quercus

which shares a complex pattern of interrelation-
ships with other species of that taxonm, and which
has been a recognizable entity at least since the
Miocene, when it was more widespread in western
North America (Robichaux 1977).

—_s
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Figure 10.--Range of lobata (QL)

(after Little 1971).

QEE rcus




Salix (Willow)

Salix, the second major genus of the
Salicaceae and Salicales, consists of about 500
species of trees and shrubs. The trees are very
important components of riparian communities of
the North Temperate Zone, and have invaded simi-
lar habitats in the tropics and South Temperate
Zone as well, but the shrubs are largely restrict-
ed to the Northern Hemisphere and tend to be
smaller and more associated with upland zones as
high latitudes and altitudes are approached, a
pattern of adaptation similar to but more well-

developed than that seen in Alnus and Betula.
Willows are typically deciduous and share the
dioecious catkins and easily dispersed comose
seeds of other Salicaceae, but they are usually
secondarily entomophilous (Thorne 1976), and can
be almost evergreen in the tropics (e.g., S.
bonplandiana).

California has about 32 Salix species
(Munz 1959, 1968); the exact number is uncertain

because of the difficult and controversial taxon-
omy of the genus. Which of these species should
be considered trees is almost as controversial
since the state's willow species are a continuum
between large trees and dwarf shrubs, and several

of the species which are wusually shrubs can
develop into small trees when conditions are
favorable. The California willows which most
frequently reach tree size are §. exigua,
gooddingii, hindsiana, hookeriana, laevi-
gata, lasiandra, lasiolepis, rigida
(mackenziana), scouleriana, sitchensis
(coulteri), and tracyi. All of these are
riparian, but 5. hookeriana, rigida,
scouleriana, and tracyi are small local or
northern species largely limited to riparian
zones within montane or northwest coast conifer-

ous forests, and are of little importance in the
riparian communities of the rest of California.

Salix gooddingii is the most important
willow of the great riparian forests of Califor-
nia's Central Valley, and it frequently shares
dominance there with Populus fremontii, par-
ticularly at intermediate successional stages.
It is a better pioneer than P. fremontii, if
not as good as S. hindsiana, and it usually
dominates the new riparian forests which often
form in the Valley along neglected ditches and
canals. Since it 1is generally more weedy and
tolerant of stress than P. fremontii as long
as water is abundantly available, it is parti-
culaly important in the depauperate riparian
forests along the lower San Joaquin River, where
high salinity and poor development of mnatural
levees have probably long limited maximal ripar-

ian community development (Kahrl 1979). £l
gooddingii is limited to riparian =zones of the
Central Valley, southern California, and the
desert Southwest (Little 1976; Elias 1980), a

distribution which suggests a need for long, hot

growing seasons as well as abundant groundwater
(fig. 11). The relationships of this species are
not in doubt since it is so similar to 8.
nigra, the most important large willow of

eastern North America, that it is still some-
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Figure 1l.--Ranges of Salix gooddingii (SG)
and S. mnigra (SN) (after Little 1971,
1976).

times included within it as S. mnigra var.

vallicola (Little 1953, 1976).

5. lasiandra and il laevigata are

similar enough to one another that Hoover (1970)

doubted their distinctness. Their ecological

niche seems similar as well since both are large
riparian willows which grow along streams in the

Coast Ranges and the lower foothills of the
Sierra WNevada. S. laevigata 1is reported to
prefer well-aerated, rapidly flowing streams
(Elias 1980), and it has been mapped as absent

from most of the Central Valley by Little (1976),

who also excludes §S. lasiandra from most of
the San Joaquin Valley. Conard et al. (1977)
and Roberts et al. (1977) report both species

to be common components of Central Valley ripar-
ian forests, however. What is clear about these
two species at this time is: 1) they are more
common along streams in the highlands surroun-—
ding the Valley than along the Valley floor; 2)
they occur on the Valley floor; and 3) the
details of their distribution and ecological
relationships in GCalifornia need ¢to be much
better understood. 5. lasiandra may have
less tolerance for habitats along intermittent
streams than S. laevigata and thus may have a
greater need for permanent water, but this obser-
vation needs verification.

The total ranges of these species do suggest
that S. laevigata may be the more drought-
adapted of the two since §. lasiandra extends
down the mountains and coast of California from a
wide range in the cool and wet parts of the Paci-

fic Northwest, the northern Rocky Mountains,
western Canada, and central Alaska while S.
laevigata is restricted to mediterranean Cali-



Arizona,
(Little 1976).

fornia and a few relict stations 1in
Nevada, and Utah (fig 12 and 13)
S. lasiandra 1is reported to be closely rela-
ted to 8. lucida of the boreal forests of
eastern HNorth America (Rehder 1940), and 8.
laevigata is similarly reported to be related
to S. bonplandiana, a semi-evergreen species
of southern Arizona and tropical western Mexico
(Elias 1980), but a critical reexamination of
their relationships to each other and to other
species which they resemble would be desirable.

Figure 12.--Ranges of Salix lasiandra (SL)
and S. lucida (SLU) (after Little 1976).
-]
[ 4
Figure 13.-—Ranges of Salix laevigata (SLV)
and S. Dbonplandiana (SsB) (after Little
1976).
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S.  hindsiana and S.  exigua (fig. 14)
are largely shrubs, but they are both major com-
ponents of California riparian vegetation because
they are usually the first woody plants to colo-
nize sandbars and other newly-formed riparian
habitats when these are relatively fine-grained
and shallow to groundwater. The dominance of
such sites by these willows produces a distinc-
tive and common riparian shrub community (Conard

et al. 1977), ©but Baccharis viminea and
B. glutinosa can become more important when

alluvium is coarser and the water table deeper.

5.  hindsiana 1is largely cismontane and
endemic to the California Floristic Province
while S.  exigua is  mostly transmontane in

California and widespread in the rest of Korth
America (fig. 14) (Little 1976). Both are eco-
logically and morphologically similar, however,
and difficult to distinguish when sympatric
(Hoover 1970; Smith 1970). They are part of a
complex of closely related and ecologically
similar western willows which also includes 8.
fluviatilis, S. sessilifolia, and S.
melanopsis.

S. lasiolepis is a common small willow
of much of the California Floristic Province, and
it also occurs at scattered, possibly relict sta-

tions throughout the West (fig. 15) (Little
1976). It becomes an important vegetation compo-
nent in the fog belt of the California coast,
however, because there it dominates a distinctive
forest community on alluvial bottomlgnds and in
dune slacks. Myrica californica is an impor-
tant associate in these forests, and a rare
thistle, Cirsium  loncholepis, is entirely
restricted to them. Most of this apparently

previously undescribed community was lost early

Figure 14.--Ranges of Salix hindsiana (SH)

and S. exigua (SE) (after Little 1976).




Figure Salix (SLL)

15.--Range of
(after Little 1976).

lasiolepis

to agriculture since it frequently dominated wide
coastal plains in the Arroyo Grande, 0Oso Flaco,
and Santa Maria Valleys, which are now rich vege-
table disfficts. A small remnant of it is now
protected at Pismo State Beach in San Luis Obispo

County, and a larger stand, which includes criti-
cal habitat of the endangered Unarmored Three-
spine Stickleback (Gasterosteus aculeatus
williamsoni), could be saved along San Antonio

Creek in Santa Barbara County.

8. lasiolepis is  closely related to 5.
hookeriana and S. tracyi (Elias 1980), two
small trees of north coastal riparian communi-
ties, and probably to a number of northern and

montane shrubs as well. It is less close to S.

sitchensis, a small tree which also grows along
fog belt streams as far south as Santa Barbara
County (Smith 1976) but seldom forms extensive
forests.

RIPARIAN ORIGINS

When the Arcto-Tertiary Geoflora was deci-
mated throughout western North America in the
Late Tertiary and Quaternary by spreading drought
and cold, it is clear that some of its elements
which were already strongly adapted to riparian
conditions were able to survive along Califor-
nia's permanent and intermittent streams (Axelrod
1977). Their descendents dominate the state's
riparian forests today. Some Arcto-Tertiary
elements which were weakly adapted to riparian
conditions such as Juglans hindsii were also
able to precariously survive to the present in
riparian refuges. Riparian forests are not among
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California's major refuges for Arcto-Tertiary and
other relicts, however (Stebbins and Major 1965).
This 1is partly because most riparian taxa are
still too successful to be considered relictual
but primarily because riparian envirounments are
too competitive and frequently disturbed to pro-
mote high plant species richness and thus the
survival of many marginal, relict species. Grime
(1979) has shown that plant species density 1is
highest in envirouments of intermediate producti-
vity in which neither competition nor stress are
excessive.

Before
floods

California streams were dammed,
periodically disturbed riparian communi-

ties, renewing nutrients -and understory light in
an environment where warmth and soil moisture
were already ideal for maximal productivity.

Such conditions of regular but relatively infre-
quent disturbance when resources are not limiting
are conducive to maximum plant competition and
thus low species richness (ibid.). In con-
trast, California's concentrations of relictual
species are in areas of intermediate productivity
where plant species density is not limited by
extremes of either stress or competition.

RIPARIAN DOMINANCE AND ENVIRONMENT

Populus fremontii is the most common
dominant of central California's riparian for-
ests, but as discussed previously, environmental
factors can shift dominance to other species.

The most obvious of these factors are frequency
of disturbance, air temperature, root zone aera-

tion, and depth to groundwater, but others are
probably important as well. It has been shown
that when disturbance is high, dominance 1is

shifted to Salix hindsiana and when somewhat
less severe to S. gooddingii. Cool growing
seasons favor ©P. trichocarpa, and hot envi-
ronments sites with a high water table and low
root aeration promote Cephalanthus occiden-
talis, but when turbulent, well-aerated water
is close to the surface, Alnus rhombifolia
can become dominant. When water tables are
relatively deep, Platanus racemosa is the

usual dominant when aeration of the
soil is high and Quercus lobata
low.

intervening
when it is

Q. lobata, the only major California
riparian tree which 1is probably not of riparian
origin, is most frequently dominant in riparian
systems when two stressing factors, deep ground-
water and low soil oxygen, are both present.

This suggests that it 1is a relatively more
stress—-tolerant competitor than other riparian
dominants. It is interesting that this species

is probably derived from drought-stressed upland
climax forests and woodlands, where trees with
the stress-tolerant competitor adaptive strategy
would be expected to dominate, rather than from
riparian communities, which are more frequently
dominated by trees with a simply competitive
strategy (Grime 1979).



DECIDUQUSNESS AND PRODUCTIVITY

Mediterranean-type climates, with their
mild, wet winters and dry summers, are well known
for their sclerophyllous evergreen vegetation
(Mooney et al. 1977; Cody and Mooney 1978;
Walter 1979), but the presence of seemingly ano-
malous winter—deciduous riparian vegetation well
within such a climate in California has generated

relatively little comment. Air temperature ob-
viously does not exclude evergreens from the
Central Valley since they are common there in
non-riparian zonmes. This led Stebbins (1974) to

suggest that winter-deciduousness is favored when
a highly productiﬁe growing season alternates
with a cool season which is much less favorable
but not necessarily extremely cold. He further
postulated that it arose in riparian zones be-
cause wet roots aggravate winter cold stress and
thus deciduousness.

The first hypothesis is undoubtedly correct,
but the second is unlikely since evergreen woody
angiosperms are more common in riparian than in
upland zones on the Atlantic Coastal Plain in
South Carolina, where summers are hot, wet, and
highly productive, and winters are about as cold
as those of the Central Valley. Evergreen angio-
sperm trees common in some riparian zones on the

South Carolina Coastal Plain include Gordonia
lasianthus, Ilex cassine, I. coriacea,
T myrtifolia, T opaca, s vomi—
toria, Magnolia virginiana, Myrica
cerifera, M. heterophylla, Persea
borbonia, P. palustris, and Quercus

laurifolia (Elias 1980).

In January Columbia, South Carolina, at the
inner edge of(}he coastal plain, has a mean tem-—
perature of 7 C and a mean minimum temperature

of 1°%. Sacramento 1in January has the same
mean temperature and a mean minimum of 3%¢).
Despite the similarity of these temperatures,
however, Sacramento has a mean frost-free growing
season of 307 days and Columbia of only 248.

Charleston, on the coast at the outer edge of the
coastal plain, has milder winters than Columbia

or Sacramento since it has a January mean of
o e o

9°C and mean minimum of 3°C, but even here
the mean frost-free growing season is only 285

days, fully 22 days shorter than at Sacramento
(US Department of Agriculture 1941).

The shorter growing season and greater
spread between winter mean and mean minimum tem-—
peratures of these South Carolina cities relative
to Sacramento are caused by the much more fre-
quent penetration of outbreaks of cold arctic air
to the coastal plain than to the Central Valley,
which is usually protected from them by the Rocky
Mountains and the Sierra Nevada and Cascade
Ranges. The riparian evergreens of South Caro-
lina must cope with these regular cold outbreaks
as well as with their mean winter climate, so it
is unlikely that the winter-deciduousness of the
California riparian community is a general phe-
nomenon which occurs wherever winter cold and wet
soil interact.
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Rundel (1980),
adaptive
oaks, supported
deciduousness 1is

in a comparative study of the
strategies of mediterranean-climate
Stebbins' wview that winter-
favored when highly productive
summers alternate with winters which are much
less productive but not necessarily highly
stressful. Rundel assembled evidence which
showed that deciduous oak leaves are considerably
more photosynthetically efficient than those of
evergreen oak species. For this extra efficiency
to be profitable, however, a growing season
which is sufficiently leong, warm, and stress-free
must be predictably present to compensate for the
energetic cost of producing a new crop of leaves
each year.

There 1is every reason to believe that Run-
del's generalizations about the adaptive stra-
tegies of oaks apply equally well to those of
other taxa. Deciduousness is clearly an example
of the ability to rapidly respond to environ-
mental change, a characteristic which Grime
(1979) considered central to the competitive
adaptive strategy. As discussed above, riparian
environments, with their high productivity,
minimal stress, and regular but infrequent dis-
turbance, provide just the conditions which Grime
predicted would most favor this strategy.

Major (1963) has shown that the activity of
upland plant communities can be estimated from
readily obtainable climatic data by using Thorn-
thwaite's water balance concept (Thornthwaite
1948; Thornthwaite and Mather 1955). Thorn-
thwaite's potential evapotranspiration (PE) is a
function of temperature and day length and Cthus
of warmth and light. His actual evapotranspira-
tion (AE) predicts the evapotranspiration which
can take place at a site if no more water is
available to it than that received from precipi-
tation. Since AE is a function of warmth, light,
and precipitation (as well as soil water stor-
age) and these are three of the most essential
ingredients of plant productivity, Rosenzweig
(1968) pointed out that AE can provide a reason-
ably good estimate of this as well.

In mediterranean—type climates AE 1is de-
pressed far below PE because lack of summer rain
causes severe drought stress and suppresses plant
productivity just at the time when warmth and
light are maximal. At Sacramento, for example,

in the heart of California's mediterranean-type
climate, annual PE is Bl5 mm. but annual AE is
only 458 mm. (Mather et al. 1964). AE and PE

are both 15 mm. in January, but while PE climbs
as high as 140 mm. in July, AE peaks at 72 mm. in
May and then declines because of summer drought.
If less soil moisture storage were assumed than
the 300 mm. used to calculate these figures, AE
would peak even earlier and its annual sum would
be even less.

Grassland 1is
type at
are sparse
species,

the dominant upland vegetation
Sacramento. Upland broad-leaved trees
and consist almost entirely of two
evergreen sclerophyllous Quercus
and deciduous but semi-sclerophyl-

lous Q. douglasii.




At Columbia, South Carolina, however, summer

rain is abundant, and the annual AE of 915 mm.
almost matches the annual PE of 952 mm. Both AE
and PE are 13 mm. in January, and both rise to
similar peaks in July, when PE is 172 mm. and AE
is 162 wm. Columbia 1is surrounded by a rich
upland forest which can be dominated by pines or

by several species of deciduous broad-leaved
trees.

When rivers flowing from distant mountains
import far more water to an area than would be

available from local precipitation,
saturated at shallow depths
AE, in effect, becomes
exactly what happens in the riparian forests of
California's Central Valley. As a result their
de facto AE, their activity cycle, their
productivity, and even their physiognomy are all
very similar to those of the upland deciduous
forests of South Carolina's coastal plain.

keeping soil
throughout the year,
equal to PE. This is

It can be
experiment has
hypothesis.

seen that a gigantie natural
confirmed Stebbins' and Rundel's
Deciduousness is promoted wherever a
long, very productive growing season is paired
with a minimally productive but not necessarily
very stressful cool or cold season. Like human
beings with high incomes and low expenditures,
deciduous trees can afford to rest during the
season when their income would otherwise be
lowest., The poorer evergreens do not have this
luxury.

(black oak) is found
County to central Oregon and 1is
California's most abundant broad-leaved
trees (Bolsinger 1980). Since Q. kelloggii
is a non-riparian tree with deciduous, non-
sclerophyllous leaves, theory predicts that it
should occur where the local climate promotes
maximal productivity during a well-defined
growing season. Table 1 validates this predic-—
tion. Maximum monthly AE, and thus seasonal
productivity, is considerably higher within the
black oak's California range than in those parts
of the state where it does not occur.

Quercus kelloggii
from San Diego
one of

Table 1l.--Maximum monthly actual evapotranspira-
tion (AE) in mm. (water balance data from
Mather et al. 1964 ; Q- kellog-
gii range from Griffin and Critchfield
1972).

California climatic stations (N) X + SE

Outside Q. kelloggii range (43) 47.9 + 3.66

Inside Q. kelloggii range (14) 83.1 + 1.66
AE is high within the range of Q. kel-

loggii because this species is limited to moun-

tain slopes too low and too far inland to have
cool summers but of relief sufficient for high
orographic precipitation. Summers are dry, but

where soil storage 1s good, surplus water from
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winter and early spring rains can promote high
productivity during the warm days of late spring

and early summer and thus favor this upland
tree's deciduous habit.
MINERAL NUTRITION
Monk (1966) found that forests in north-

central Florida are much more likely to be domi-
nated by evergreen than deciduous trees when
mineral nutrients and pH are low, and he general-
ized that relative soil sterility promotes ever-
greenness. Rundel (1980) also noted that ever-
green leaves are more nutrient-use efficient. It
is clear that nutrient losses from the regular

shedding of deciduous 1leaves represent a cost
which can only be made up during a long and pro-
ductive growing season 1in a reasonably fertile

environment . Since nutrient deficiencies lower
productivity (Kramer and Kozlowski 1979) they, in
effect, lower AE and promote evergreenness indi-
rectly as well as directly.

California riparian forests receive imported
nutrients as well as water from their rivers and
streams {(or did before dams stopped floods and
became nutrient traps). Thus their productivity
and deciduousness are doubly promoted. L 1's
interesting that the Sacramento and the Stanis-
laus, the two Central Valley rivers with the most
limestone in their watersheds and thus the most
calcium, are also those with the best developed
riparian forests along the banks of their lower
reaches.

It was noted earlier, however, that some
riparian communities on the Atlantic Coastal
Plain are evergreen while surrounding wupland

communities are deciduous. These riparian commu-
nities occur because the low relief of the Coas-
tal Plain does not permit rapid drainage of the
heavy precipitation which it receives. They are

nutrient-poor because their water is of local,
meteorological origin, and can only leach and
carry away mineral nutrients, not deposit them
(Wharton and Brinson 1979). In this climate,

where abundant summer rain makes AE maximal, the
water available to riparian communities can not
raise their productivity much above that of adja-
cent upland vegetation. It can only lower it
through leaching. The result is evergreen vege-
tation in riparian communities on the Coastal
Plain when the water is of local origin, but

deciduous riparian forests dominated by species
of Salix, Populus, Quercus, Platanus, and
Fraxinus ~ similar to those of California occur

These flow out of the
nutrients to the Coastal

along the major rivers.
Appalachians and import

Plain to replace those lost by local leaching
(Braun 1950; Hosner 1962; Wharton and Brinson
1979).

PRODUCTIVITY AND COMMUNITY ECOLOGY

California's riparian communities are its
most productive because they receive abundant
water during hot, cloudless summers which are




ideal for maximum photosynthesis. Their high PE
thus becomes a high AE. Everywhere else in Cali-
fornia except on the highest mountain summits
summer drought suppresses AE below PE and plant
productivity below its potential. Outside of
alpine areas AE approaches PE most closely among
California's upland communities in the coastal
redwood belt of Del Norte and northwestern
Humboldt Counties, but summers are too cool and
cloudy there for productivity and either AE or PE
to be extremely high. Crescent City, in the
center of this area, has an AE of 597 mm. and a
PE of 650 mm. while Davis, in the Central Valley,
has an upland AE of 420 mm. and a PE and thus
riparian ,AE of 810 mm. (300 mm. soil storage
assumed).

The riparian systems of California are
clearly far more productive than any of that
state's communities which are dependent on their
local climate can be. Maximal riparian producti-
vity more closely approaches that of ~eastern
deciduous forests in summer and of tropical rain

forests throughout the year. It is not surpri-
sing, then, that California's riparian forests
share some features with exotic ecosystems which
are absent, rare, or poorly developed elsewhere
in the state.

Herbs with tropical affinities, such as
Hibiscus californicus and Fimbristylis
vahlii, occur in California riparian communi-
ties, and riparian Vitis califorpnica 1is a

well-developed liana, a growth form 90% confined
to tropical forests (Walter 1979) and very poorly
developed in upland California. Abundant warmth
and water are apparently essential to large
lianas, and the inability to tolerate even a
brief winter rest period is probably what con-
fines most taxa to the tropics. Notoriously high
root pressures have undoubtedly helped Vitis

cope with this problem and survive in seasonally

highly productive temperate habitats like Cali-
fornia riparian zones (Kramer and Kozlowski
1979).

Despite their small overall area Califor-

nia's riparian forests are especially well known
for the abundance and diversity of their bird
fauna (Small 1974; Gaines 1977). Their breeding
avifauna 1is particularly important because it
includes many species which occur in virtually no
other California habitat. Gaines (ibid.) has
shown that these birds are very frequently insec-
tivorous foliage gleaners which winter in tropi-
cal forests and have vicariant populations in
eastern deciducus forests, two habitats which
share the high productivity of western riparian
communities,

Insects, as poikilotherms which are largely
primary consumers, are expected to increase in
abundance with 1increasing warmth and primary

productivity, and in California upland vegetation

4Hajor, J. No date.
California climatic
manuscript.

Water balances for
stations. Unpublished
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insect biomass does, in fact, peak in spring and
closely fluctuate with primary productivity
throughout the year (Cody et al. 1977). Com-

parable data do not seem to be available for any
California riparian community, but the extremely
high productivity of such communities
undoubtedly induces similarly high summer peaks
of insect biomass. These in turn act as magnets
for insectivorous migratory birds. Gaines (1977)
was ambivalent about this since at more than one

sSummer

point he noted the connection between riparian
insect and insectivorous bird abundance but also
yielded to Willson's (1974) view that bird den-

sity is not dependent on habitat productivity.
Willson reached this conclusion after field work
in what were apparently mostly various succes-—
sional stages of wupland forest and woodland
vegetation within a single local climate in east
central Illinois. Her studies showed that avian
biomass was similar at all these successional
stages and bird density greatest at intermediate

ones. Willson concluded that her data showed
these parameters of bird populations are unre-
lated to either plant or insect productivity
since she assumed plant productivity is highest
in early successional stages and insect produc—

tivity highest in late stages. Her first assump-
tion ignored the very important stem and root
components of primary productivity, however, and
the second was the result of a literature review

which, in effect, assumed that vegetation in
different climates--and thus productivity
regimes——can represent stages of and thus show
the ecological effects of a single successional

sequence. Her data do not support her conclusion
that bird populations are unrelated to community
productivity, but they do suggest that bird den-—
sity may be highest at intermediate successional
stages. These are just the successional stages
when primary productivity is greatest (Larcher
1975).

Bird abundance does appear to be positively
related to community productivity, and riparian
bird populations can be expected to be augmented
most relative to those of upland habitats when
contrasts between upland and riparian producti-
tivity are greatest. Such contrasts occur when-
ever perennial streams reliably bring water to
arid or semiarid lands. In deserts with summer
rainy seasons, however, vegetation along ephem-—
eral streams which merely carry away the flood-
waters of rare storms may actually be less pro-
ductive of plants and animals than nearby uplands

which are less disturbed and no drier (Wauer
1978). The biotic effects of riparian environ-
ments are much less conspicuous in areas such as

the Atlantic Coastal Plain where upland vegeta-
tion is highly productive, but even here the
variety of drainage conditions typical of ripar-
ian zones produces edaphic diversity and result-
ant habitat and species diversity. (Hosner 1962;
Hair et al. 1974).

Bird populations are not simply a function
of primary productivity, however, since highly
productive irrigated cropland supports bird popu-
lations which are less diverse and frequently
less abundant than those of natural riparian




communities within the same local climate (Hehnke
and Stone 1978). MacArthur and MacArthur (1961)
demonstrated

that bird species diversity is
greatest in tall, highly stratified vegetation,
and this can only occur when community phytomass

universal in
limited to

is high. High phytomass is not
productive environments, but it is
them (Walter 1978).

It 1is rich bird fauna of
California's riparian communities has declined
drastically within just the last few decades.
Gaines (1977) cited reports which attribute this
decline to brood parasitism by the recently in-
troduced Brown-headed Cowbird, but he also noted
that its introduction to Arizona occurred long
before a similar decline in the riparian avifauna
there. The cowbird has been especially frequent-
ly 1linked to the wirtual extirpation of the
riparian and insectivorous Bell's Vireo from
California and Arizona, and yet these two species
coexist in abundance in the less agricultural Rio
Grande Valley of Texas (Wauer 1977). The ripar-
ian communities of Califorina and Arizona are
frequently surrounded by agricultural areas where
massive quantities of insecticides are used, but
there seems to have been little comment about or
investigation of their potential impact on a
largely insectivorous riparian avifauna.

tragic that the
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