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Abstract: This study assesses Aood impacts on riparian \•egetation in two watersheds
within the Tram:,,1Prse Ranges. Dati.l coll('(ted in 1993 were compared to baseline data

from 1990 to measure the cffl]ct of a 1992 flood. Hests were use,d to test for significant
pm,t~flood changes in overall vegetation characteristics, and vegetation c.:hange- was
n~gres!ied 0n drainage ama tn t~st for spatial variation in flood impacts. Results of means
c.ompari!it'ltis for the overall d.11a set suggest that the impact"> of the flood wure insignifi·
cant. However, these results In part are artifacts of data agglomeration, as regression

results suggest that changes in total cover and diversity are sp,11ially v;tried, w1th profound
impacts at some downstream sites. The relative cover of most species remained constant,
reflecting an environment in which frequent floods help to maintain a wgl;'tJtion a$si:_,,m.

blagc that is not entirely flood reslstant1 but at least unUorm across species in its degree of
[Key words! riparian vegetation, floods, disturbance, equilibrlum, California.}

re$i'iitiln,e.

INTRODUCTION
The biogeographic and ecological literature is replete with studies of the effects
of floods on riparian vegetation (see reviews in Malanson, 1993, and Parker and
Bendix, 1996). The majority of these have pursued questions that were either time
independent, stressing patterns of vegetation as quasi-equilibrium responses tc, the
distribution of flood severity (Hupp and Osterkamp, 1985; Harris, 19tl7; llendix,
1994a; Birkeland, 19%), "'successional, stressing posJ.flood seral changes in veg
etation and resulting species distributions (McBride and Strahan, 1984a, 1<JH4h;
Agee, 1988; Baker and Walford, 199.5). Relatively few studies have addressed the
immediate impact of floods-namely, the degree and kind of difference in the
vegetation in the aftermath of a flood (Stromberg et al., 1993). The reason is largely
practical: since there is no way to know when a flood will occur, there is no way to
plan in advance to gather baseline data shortly before a flood for comparison with
the post-flood vegetation. These studies can be conducted only if a flood occurs for
tuiwusly where the vegetation has already been surveyed. This paper results from
such a coincidence: a large storm that occurred in 1992 (Raphael et al., 1994)
afforded the opportunity to examine the impacts of a moderate (-10-year recur
rence interval) flood on vegetation that had been previously surveyed (Bendix,
1994a) in two watersheds within the Transverse Ranges of southern California.
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F/ood Impact.<

On short-term time scales (i.e,, ;; 5 years), riparian vegetation may be expected
to reflect the impact of a flood via two processes: (1) the destruction of pre-existing
vegetation by the flood and (2) the colonization by new vegetation of substrate
either cleared or deposited by the flood. Successional processes, the focus of much
flood-impact research, are less likely to influence post-flood riparian vegetation
over short time scales.
The fact that floods can destroy plants is central to the study of riparian vegeta,
tion, and has been well documented (e.g., Yanosky; 1982; Roberts and L\,dwig,
1991). Such destruction is achieved either mechanically (through the direct impact
of floodwaters and the debris they transport or through the erosion of substrate), by
burial with sediment, or by oxygen depletion as a result of prolonged soil saturation
(Parker and Bendix, 19%), In the arid and semiarid valleys of the southwestern
United States, most fioods are so short-lived that oxygen depletion is unlikely; the
other means all are proportionate to flood magnitude, so that larg<,r floods may be
expected to increase the impact. Regardless of the means, 1he destruction is likely
to be selective, as species vary in their vulnerability to these ·,mpacts (e,g., Hupp
and Osterkamp, 1985). Although research directly relating species characteristics to
flood survivorship is limited, there is some support for the unsurprising conclusion
that flexible but deeply rooted species (e.g., A/nus and Salix spp.) have an enhanced
likelihood of withstanding floods (Bendix, 1992).
If floods selectively remove some species from the valley floor, then a corollary
result should be a short-term decrease in species diversity. This expectation does
not contradict riparian applications of the intermediate disturbance hypothesis,
whereby disturbance enhances diversity (Nilsson et aL, 1989; Baker, 1990a), That
hypothesis presupposes longer time scales to al low for establishment of new vege
tation after a flood. The more recent the flood, the greater the probability that the
species losses will not yet have been offset by the arrival of pioneer species; hence
the rleciine of species diversity is likely to be an impermanent result, in accordance
with the intermediate disturbance hypothesis. The length of time required for diver
sity to reach or exceed the pre-flood level will depend in part on the vagaries of
colonization and in part on the measure of diversity used: richness (the number of
species present) will increase as soon as seedlings of new species germinate,
whereas diversity measures incorporating heterogeneity (Peet, 1974) will not
increase unti I those pioneers have grown to represent a substantial portion of the
overall vegetation present.
The establishment of pioneer species is, in itself, another flood Impact. The
destruction of pre-flood vegetation vacates substrate and allows for colonization,
regardless of whether the new seedlings represent species already present (McBride
and Strahan, 1984a, 1984b; Malanson and Butler, 1991). Under some circum
stances, the stands established in this way may represent a distinctive record of a
flood for decades after its actual occurrence (Baker, 19906).
A seeming contradktion underlies much of this literature on riparian vegetaf,on
and floods, On the one hand, floods are assumed to be effective agents of change,
whereas on the other it is also assumed that the vegetation already reflects the
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impacts of past floods-suggesting an equilibrium state that should be maintained,
rather than changed, by floods. Presumably flood frequency is central to this issue.
The more frequently that ecologically effective floods (i.e., those large enough to
affect vegetation) occur, the less change any given flood may be expected to cause.
As Malanson (1993) has discussed, equilibrium responses to flood regime may be
difficult to identify in actual riparian sites. Empirical studies quantifying the impact
of floods of intermediate magnitude and frequency may help to clarify this question.
Because flood magnitudes vary through watersheds, the impacts of floods may
he expected to vary as well. Although the details of flow conditions and resultant
impacls vary, it is at least safe to generalize that within most watersheds floor! dis
charges increase in the downstream direction (Leopold ct al., 1964), Thus, as with
other aspects of riparian vegetation-environment relationships, location within a
stream network may be critical to the impact of floods on vegetation (Baker, 1989;
Malanson, 1993; Bendix, 1994b),

Hypotheses
The foregoing review suggests the following hypotheses regarding short-term
flood impacts, which are tested in this study: (1) there will be a decre;ise in th!! total
cover of vegetation; (2) there will be a decrease in the species diversity of the vege
tation; (3) there will be an increase in the relative importance of species that are
well-rooted and either flexible enough or large enough to avoid mechanical darn
age--observ;,tions in the southern California setting suggest A/nus rhombifolia and
three local Salix species for the former, and Popufus fremontii for the latter; (4) there
will be colonization by seedlings of locally prominent species that have been noted
in past research for their pioneer roles, such as Salix exigua and Baccharis glutinosa
(Holstein, 1984) or Salix lacvigata and Popu/us frcmontii (McBride and Strahati,
1984a); (Si these effects will vary with location, with impacts increasing lower in
the watershed.
STUDY AKEA
Data for this study were collected in the watersheds of Piru and Sespe creeks,
high-gradient mountain streams draining from the western Transverse Ranges into
the Santa Clara River (Fig. I). Drainage areas for the sites surveyed range from 12
km 1 toS10 km 1, with site elevations varying from 800 m to 1450 m above sea level.
lhe steep, mountainous terrain of these watersheds contributes to a flashy flood
regime, through orographic intensification of frontal precipitation and rapid runoff
into the stream channels. Consequently these are streams in which large floods are
relatively frequent occurrences (Raphael et al., 1994).
ihe riparian vegetation of these watersheds falls within Malanson's (1993) clas
sification of gallery forest in a Mediterranean environment, although "forest" may
be an exaggeration at some sites. Certainly the riparian vegetation forms a gallery,
in which Salix, Populus, ancl A/nus dominants contrast sharply with the surrounding
chaparral (Holstein, 1984; Bendix, 1994a). The study sites are located along (hydro
logically) unregulated reaches of the streams, within the Los Padres National ~ores!.
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Fig, 1, locati(,n of study sites ln southern California.

Apart from floods, the only major disturbance agent here is lire, as none of the sites
has been significantly affected by livestock grazing (Bendix, 1994a).

THE 1992 FLOODS
In February 1992, a series oi cold fronts brought heavy precipitation to much of
southern California, causing flooding through much of the region. The climatology
of these storms and their hydrologic and geomorphic impacts have been described
in detail by Raphael et al. (1994). They reported a recurrence interval for the peak
discharge (12 February) near the mouth of Sespe Creek of 8.33 years; at an
upstream site (location of site 7.1, Fig. 1) the peak discharge of 238 m3s- 1 had a
recurrence interval of 12 years. The range of return intervals presumably reflects the
local variability typical of such mountainous terrain, but it is likely that the recur
rence interval throughout the watershed was on the order of 10 years. Gauge data
are not available for Piru Creek, but given its proximity to Sespc Creek, and the par-
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allel orientation of the two drainages (Fig. 1), it is probable that the recurrence inter
val for Piru Creek was comparable to that of Sespe. This fairly low recurrence
inlerval does not sug~est an extreme event, but Graf (1983) has demonslrnled that
in dryland streams floods with recurrence intervals as small as 5 years may be geo
morphically effective, depending on sediment characteristics. Visible flood debris
al sevmal sites indicated that flood stages exceeded 3.5 m, presumably reflecting
high-energy conditions. Certainly ihe analyses of Raphael et al. (1994) leave no
doubt that the 1!!92 floods were effective in mobilizing sediment. Given the geo
morphic effectiveness of 1hese floods, it seems pertinent to examine their ecological
impacts. And the high frequency of such floods here suggests that this is an environ
ment in which short-lerm flood impacts may be particularly relevant.
METHODS
Basel inc data for this study are from line-intercept sampling (Canfield, 1941)
conducted in the summer and fall of 1990 (Bendix, 1994a, 1994b). These data
include cover values for all woody species, measured along transects across the
floodplain, orthogonal to the valleys' axes. Fall sampling was accomplished before
deciduous species had lost their leaves, so that cover measurement was consislent.
At the time each of these transects was initially surveyed, the endpoints o/ the
transects were flagged and marked with sections of rebar pounded into the ground.
Data were collecied again in August 1993, approximately 18 months after 1he 1992
flood. While soon enough to observe the flood's impact, this interval allowed two
seasons for seedling establishment, as the pioneer species here germinate in the
spring or early summer (McBride and Strahan, 19846). Resampling included only
those sites for which hoth transect endpoints could be located, so that the transects
could be exactly superimposed upon the earlier ones. This limited the data set to 17
sites, the markers for 20 other sites having been removed by floodwaters and van
dalism. In addilion, alluvial surfaces at each site and along most of the length of
each creek between sites were examined for seedlings or small saplings that could
re,1sonably be interpreted as having germinated since the 1992 flood.
The data from each site were used to calculate pre- and post-flood values for
tolal cover, for the relative cover of individual species, and for the Shannon-Weaver
diversity index (H'I. The diversity index is calculated by the formula W = -l: /l; loge,,
where l'i is the importance value for the ith species. Relative cover was used as the
importance value. Paired t-tests were used to test the first three hypotheses, those
relating to changes in total cover, diversity, and the relative importance of individual
species. The fourth hypothesis, regarding colonization, ,;'as tested qualitatively, by
observation. The fifth hypothesis, ri,garding spatial variation, was tested by regress
ing the changes in total cover, diversity, and relative cover of species on drainage
area (the latter representing position within the watershed). The species for which
regressions were calculated were those that accounted for 2:4% mean relative cover
in the pre-tlood data. The regression equations took the form y ~ a + b log DA,
where y is the change in vegetation characteristic and DA is drainage area measured
in km'. Examination of residuals from the regressions revealed no patterns indica
tive of spatial autocorrelation, and plots of residuals against drainage area showed
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them to be homoscedastic. However, it should be noted that the limited number of
sites (n = 17 for all analyses) suggests that the statistical results, while interesting,
should be interpreted with caution.
RESULTS AND DISCUSSION

Results of the paired t-test comparisons are presented in Table 1. The first hypoth
esis was that there would be a decrease in the total cover of riparian vegetation. This
proved true on average, but the difference was not a significant one. Several of the
sites actually had substantially increased cover, reflecting abundant growth since
the 1990 sampling and minimal losses in the 1992 flood. Those increases may
reflect increased moisture availability; the 1990 data were collected near the end of
a three-year drought, and the end of that drought may have allowed accelerated
growth. Whatever the reason, those increases almost balanced the flood losses at
other sites, so that the mean decrease in cover was only -1 m (down from 22.1 m
in 1990)
Similarly, the slight decrease in diversity (cf. hypothesis 2) fell well short of sig
nificance. The fact that average diversity remained unchanged suggests that flood
losses wt?re not concentrated in vulnerable species, but rather were well distributed
across taxa. If species vulnerability was not important in differentiating flood losses,
then it is unlikely that hypothesis 3, postulating enhanced survivorship for sturdier
species, would prove true either. Indeed, of the five species thought to be well
adapted to resist flood damage, only two-Populus fremontii and Salix laevigata
had even slightly increased relative cover, and none experienced statistically signii
icant changes in their relative importance within the overall riparian mix (Table 1).
This apparent compositional stability was not limited to these five species. Out of
26 species present pre-flood, only Eriogonum fasciculatum showed a significant
change in relative cover, with an increase that still left it short of 5%.
The fourth hypothesis, predicting colonization by commonly recognized pioneer
species, also proved false. This was the result not of a misunderstanding of species
roles, but of the complete absence o( seedling establishment. Reconnaissance
along several kilometers of the two creeks, in addition lo examination of the study
sites, revealed extensive areas of bare alluvium, but no sign of recently established
individuals. There were indeed fresh stems sprouting from some flood-damaged
A/nus and Salix, but such vegetative growth tended to reinforce thickets that had
survived the flood, rather than re-occupy areas that had been left bare.
Successful establishment of riparian seedlings requires adequate moisture in the
growing season after substrate is cleared by a flood (Baker, 1990b), and even then
seedlings may be vulnerable to subsequent floods (McBride and Strahan, 1984a). In
Sespe and Piru creeks, any seedlings established in the spring of 1992 probably
were washed out the following winter, when another substantial flood occurred.
This latter flood peaked on February 19, 1993, with a discharge of 142 m3s- 1 at site
SC7.1. The flood had a recurrence interval of 7.8 years and presumably was large
enough to i,proot any small seedlings, especially given that these would have been
in the sites experiencing the greatest flood impacts, floods having been the origin of
the germination sites the preceding year. The absence of seedlings germinating after
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Table 1. Paired t-Test Comparisons' of Vegetation Characteristics, 1990 and

1993b

1990

1993

(me.in± SO)

(mean± SO)

22.11 ± 12.71

21.06± 11.45

--0.410

.69

1.29 ± 0.48

1.1S ± 0,51

0,922

.37

Sdlix hisioleoi.~

2VA ± 28.99

27.54 :t. 27.85

,0.416

.68

Popu/11.5 fre;nontii

15.14 ± 21.80

16,.54 ± 23.68

0.375

.71

Sa/it lacvigata

9.75 ± 11.80

7.09 ± 12.20

·0,998

.33

Salix exigua

9.38± 16.12

7.05 ± 16.11

-1.323

.20

Ainu.~ rhomb;folia

8.12±15.96

5.17 ± 15.59

-1.386

.18

Rosa californicJ

6.89 ± 10.56

7.40 ± 11.20

0.461

.65

Bac:charis glutinos.a

4.82 ± 7.14

4.43 ± 9.58

--0,306

.76

li?pidn,{partum squil.matum

2.23 ± 8.20

1,68 ± &.92

-1.612

.n

V0getatior1 characteristic
ln!al rover (m)
Diver~ity {H'l

p

~dt1tive c:ovf!r /in percenl)

Fphedra viridi5

1.88 ± 7,75

5.88 ± 24.25

1.000

.3]

Adeno-1toma fa:Kicolatvm

1.84

±

1.49 ± 4.!H

-1.141

rmus pondemsa

1.73 ± 6.15

0.00

-1.160

.27
.26

1.29 ± 3.16

4.18 ± 6.14

2.901

.01

.08

triogon1Jm

taKicularum

5.43

Edodic1yon aassifolium

0.98 ± 2.05

O.Ofi

0.27

..J.866

Ceanothus kucodt•rmis

0.84 ± 1.9.1

0.50 ± 2.07

-0.651

,52

Toxirndf'ndron radicans

0.82 ± 2.93

0.57

+

-0.359

.72

:t

1.56

·,ilmNix chinensis

0.74 ± 3.06

0.00

-1.000

.33

Arc/n.slaphyfos glauca

0.56 ± 2.]3

o.oo

-1.000

.33

Quercu.~ dumosa
Rhus Lrilobata

0,55 ± 2.27

0.91 ± 3.75

1.000

,33

0.47 ± 1.41

0.90± 2.57

0.647

.53

Chrysoih:imnus nauseosus

0.46; 1,]3

1.24 ± 2.69

1.237

,13

Arcemisid t1identata

0.42 ± 1.14

1.76 ± 4.23

1.362

.19

P,unus spr.

0.38 ± 1.58

0.15 ± 0.64

-1.000

,33

Cr:rco<:arpm betu/oldc.s

0.34 ± 1..19

0.00

-1.000

..l.l

P/Jlan11~ racemosa

0.24 ± 0.97

1.92 ± 6.51

1.081

JO

Ruhm uninu.~

0.21 ± 0.86

0.76 ± 3.15

0.417

,68

Qucn:us chry$olepis

0,13 ± 0..56

0.30 ± 1.24

1.000

..n

JThe Mcst indicates \Mlether the difference~ between 1990 and 1993 were :;ignificantly greater than
zero.
hn"' 17,

the 1993 flood remains unexplained, however; 1993 was not droughty, and even
by August there were still patches of alluvium of varying texture that were visibly
moist but bare of seedlings. A possible (but untestable) explanation is that abundant
moisture actually prevented rather than facilitated germination, if high stream flows
had not yet dropped enough to expose substrate by the time (primarily May and
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Fig. 2. Scatterplots and regression equations reL'\ting diilnges in total cover and the Shannon.Weaver
diversily index lo positior1 in the watershed.

June) that potential pioneer species were producing seed (McBride and Strahan,
1984b).

The negative results for the first three hypotheses are at least partially explained
by the findings for hypothesis 5, which related flood impacts to location. Results
from the regression equations relating post-flood change to position in the water
shed (Fig. 2) indicate that changes in both total cover and diversity were signifi
cantly related to position. Thirty-nine percent of the variance in cover changes was
explained by drainage area. The regression coefficient was negative, reflecting a
pattern in which the vegetation losses were concentrated at downstream sites, with
gains at upstream sites (Figs. 3 and 4). This finding supports the hypothcs',s that flood
impacts would be concentrated downstream, where flood discharges arc highest.
However, it subverts hypothesis 1, because the changes balance out in calculating
average change. Changes in diversity also were significantly related to drainage
area, and again the changes wore greatest downstream, as hypothesized. This rela
tionship is weaker, reflecting the fact that even where floods do destroy vegetation,
they must do so selectively if they are to affect diversity.
Despite the apparent importance of downstream variability for the summary
measures of cover and diversity, the changes in individual species were not well
explained by drainage area (Table 2). Only Salix exigua had changes significantly
related to watershed position, and the nature of that relationship was contrary to
expectation. Although this species was expected to have good resistance to flood
damage, the negative regression coefficient reflects greater losses at the high-dis
charge, downstream sites. One implication of this result is that substrate susceptibil
ity to erosion may be more important than the physical characteristics of plants in
determining flood losses. Salix exigua tends to grow in thickets on sandy and grav
elly alluvium along channel margins. If this substrMe is substantially reworked dur
ing floods, then the plants will be washed away, even if their flexibility has spamd
them breakage of stems. Excepting Salix exigua, the lack of significant overall
changes in species' importance (Table 1) and the fact that there was no spatial vari
ability masking changes within the overall data set (Table 2) indicate that the
flood(s) had m·1nimal impacts on the composit',on of the riparian vegetation in these
watersheds. The spatial pattern of changes in diversity probably reflects a combina-
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B

Fig. 3. Site PC4 in Odnber 1990 (Al and Aogusl 199.1 (8). This is the highest $Ile in the Piru Creek
watershed, and the cover of Salo:. fasiolepis ,md Ro.~J. californica experienced minima.I change.

tion of the pattern for 5. exigua and much more subtle changes in the scarcer spe
cies. For example, two of the three species that disappeared entirely after the
flood-Tamarix chinensis and Cercocarpus betuloides (Table 1)-had been found
primarily at sites low in the watersheds (Bendix, 1994a); their loss would contribute
to the decrease in diversity at those sites.

CONCLUSIONS
Two general findings in this study are of interest. The first is that, even within
rather small watersheds, there is striking spatial variability in flood impacts. This
spatial variability was strikingly visible in August 1993, when a surprising number
of sites appeared unchanged (e.g., Fig. 3) by a flood that had left a catastrophic
imprint farther downstream (Fig. 4). From a methodological perspective, this sug
gests that such impacts may be easily obscured, either by aggregation of data (cf,
Table 11 or simply by failing to sample the watershed comprehensively. From an
ecological perspective, it is a reminder of the complexity of fluvial/riparian sys
tems. In discussion of flood impacts, emphasis frequently is placed on their recur
rence interval, which often is conflated with magnitude. The distribution of impacts
in the Piru and Sespe watersheds Is a reminder that the spatial dimension can be as
important as the temporal; recurrence interval by Itself does not have ecological
meaning.
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B

A

Fig, 4. Sile PC19 in October 1990 iA) and AugU!,I 1993 (Bl. This is the lowest sitr: in the Piru Crnek
WJlctshC'd, and it experienced the greatest change. In 1990, seven species were sampled, including sub
s!Jntial cover of Ban:hMr~ glutinosa 1 Tamarix chinensis, and three Salix species in the thi1.k~t ;idj;ic~nt to
the channel. In 1993 total cover and diversity wNe substantially reduced, as the only remaining vcg<'lil·

tiN1 on the sample transed was tphedra viridiJ, well above the chilMf.!l.

Table 2, Summaries for Analyses Regressing the Change in Species' Relative Cover
(1990-1993) on Drainage Area (log-transformed)'
R'

Species

SJ/ix fa.~i()lepi$

F

p

.Q9

1.524

,236

Po;>ulus ftemontii

,01

0,1S5

,700

Salix laf!vigala

.09

1,522

.23()

Salix exigva

3,1

7,307

.016

A/nus rhombifo/i,1

+

+

,QO

0,009

,926

Ro)'il c.alilumJca.

,10

1.637

,220

Baccl1i1ds (?futlnosa

,02

OJS2

,562

17.
b''Sign'' refers to the sign of the coefficienti thus a positive sign suggests that the change was gre,11er
downslre.:un.

Ill)•
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The second general observation is that the flood had minim;il impact on the
compositional mix of species. There certainly were losses at some sites, but no
important (in terms of pre-flood cover) species suffered disproportionate losses, as
indicated by the stable relative-cover values. Given the fairly high frequency of this
magnitude of flood, this result suggests that species that would be disproportion
ately vulnerable simply do not have a chance to become important components of
the vegetation here. Because the species that do become important are relatively
invulnerable, the resulting mix is in at least quasi-equilibrium. Such a conclusion
supports the contention that riparian vegetation in at least some environments
should not be considered successional (Sigafoos, 1961; Johnson et al., 1989). If that
is true, frequent floods should not be regarded as agents of disturbance, in the sense
of triggering a change in vegetation. Rather, they constitute an environmental ch,ir
acteristic, similar to temperature or moisture, that helps maintain stable vegetation
by constraining the pool of species that can succeed at a site.
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