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Abstract: This study assesses flood impacts on riparian vegetation in two watersheds
within the Transverse Ranges. Data collected in 1993 were compared to baseling data
fram 1990 to measure the offect of 4 1992 flood, Ttests were used to test for significant
post-flood changes in overall vegetation characteristics, and vegetation change was
regressed nn drainage area to test for spatial variation in flood impacts. Results of means
comparisans for the overall dara set suggest that the impacts of the fload were insignifi.
cant. However, these results in part are ariifacts of data agglomeration, as regression
results suggast that changes in total cover and diversity are spatially varied, with profound
impacls at some downstream sites. The relative caver of miost species remained constand,
ceflecting an enviconment in which frequent floods help to mainkain a vegetation assem.
blage that is not entirely fload resistant, but at 1east unifom across species in its degree of
tesistance. [Key words! riparian vegetation, floads, disturbance, equilibdum, California.)

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 to the
distribution of flood severity (Hupp and Osterkamp, 1985; Harris, 1987; Bendix,
1994a; Birkeland, 1996), or successional, stressing post-fload seral changes in veg-
elation and resulting species distributions (McBride and Strahan, 1984a, 1984b;
Agee, 1988; Baker and Walford, 1995). Relatively few studies have addressed the
immediate impact of floads—namely, the degree and kind of difference in the
vegetation in the aftermath of a fland (Stromberg et al., 1993}, The reason is largely
practical: since there is no way to know when a flood will accur, there is no way to
plan in advance to gather baseline data shortly before a fload for comparison with
the post-flood vegetation. These studies can be conducted only if a fload occurs for-
tuitously where the vegetation has already been surveved. This paper resuits from
such a coincidence: a large storm thal occurred in 1992 (Raphael et al., 1994)
afforded the opportunity to examine the impacts of a moderate (~10-year recur-
rence interval) flood on vegelation that had been previously surveyed (Bendix,
1994a) in two watersheds within the Transverse Ranges of southern California.
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Flood impacts

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. Successianal 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 |Ludwig,
1991). Such destruction is achieved either mechanically (through the direct impact
of flondwaters and the debris they transport o through the erosion of substrate), by
burial with sediment, or by oxygen depletion as a result of prolonged soil saturation
(Parker and Bendix, 1996). In the arid and semiarid vaileys of the southwestern
United States, most floods are so short-lived that oxygen depletion is unlikely; the
other means all are proportionate to flood magnitude, so that larger floods may be
expected to increase the impact. Regardless of the means, the destruction is likely
to be setective, as species vary in their vulnerability 1o these impacts (e.g., Hupp
and Qsterkamp, 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., Alnus 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 cantradict riparian applications of the intermediate disturbance hypaothesis,
whereby disturbance enhances diversity (Nilsson et al., 1989; Baker, 1990a). That
hypothesis presupposes longer time scales to allow for establishment of new vege-
tation after a flood. The more recent the flood, the greater the probability that the
species tosses will not yet have been offset by the arrival of pioneer species; hence
the deciine 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 until 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, 1990b).

A seeming contradiction underlies much of this literature on riparian vegetation
and floads. 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 fleods—suggesting an equilibrium state that should be maintained,
rather than changed, by floods. Presumably flood frequency is central 1o 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 t 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
be 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 fiood dis-
charges increase in the downstream direction (Leopold et 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, 1389,
Malanson, 1993; Bendix, 1994b).

Hypotheses

The foregoing review suggesis the following hypotheses regarding short-term
flood impacts, which are tested in this study: (1) there will be a decrease in the 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-rooled and either flexible enough or large enough to avoid mechanical dam-
age-—ohservations in the southern California setting suggest Alnus rhombifolia and
three local Salix species for the former, and Populus fremontii for the latter; (4) there
will be colonization by seedlings of locally prominent species that have been nnted
in past research for their pioneer roles, such as Salix exigua and Baccharis glutinosa
(Halstein, 1984) or Salix laevigata and Populus fremontii (McBride and Strahan,
1984a); (5) these effects will vary with location, with impacts increasing lower in
the watarshed.

STUDY AREA

Data for this study were collected in the watersheds of Pira and Sespe creeks,
high-gradient mountain streams draining from the western Transverse Ranges into
the Santa Clara River (Fig. 1). Drainage areas for the sites surveyed range from 12
km? to 510 km?, with site elevations varying from 800 m to 1450 m above sea level,
The 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 (Raphacl et al,, 1994},

The 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 Safix, Populus, and Alnus dominants contrast sharply with the surrounding
chaparral (Holstein, 1984; Bendix, 1994a). The study siles are located along (hydro-
logically} unregulated reaches of the streams, within the Los Padres National Farest.
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Fig. 1. Location of study sites in southern California,

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

THE 1992 FLOODS

In February 1992, a series of 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 detaif 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 m*s™ had a
recurrence interval of 12 years. The range of return intervals presumably reflects the
local variabifity typical of such mountainous terrain, but it is likely that the recur-
rence inteeval throughout the watershed was on the order of 10 years, Gauge data
are not available for Piru Creek, but given its proximity to Sespe 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
interval does not sugpest an extreme event, but Gral (1983) has demonstrated that
in dryland streams floods with recurrence intervals as small as 5 years may he geo-
morphically effective, depending on sediment characteristics, Visible flood debris
al several sites indicated that flood stages excerded 3.5 m, presumably reflecting
high-energy conditions. Certainly the analyses of Raphael et al. (1994) leave no
daubt that the 1992 floods were effective in mobilizing sediment. Given the geo-
morphic efiectiveness of these ftoods, it seems pertinent to examine their ecologicat
itnpacts. And the high frequency of such floods here suggests that this is an environ-
ment in which sharl-term flood impacts may be particularly refevant.

METHODS

Baseline data for this study are from line-intercept sampling (Canfield, 1941)
conducted in the summer and fall of 1990 (Bendix, 1994a, 1994h). These data
include cover values (or all woody specics, measured along transects across the
flondplain, orthagonal to the valleys' axes, Fall sampling was accomplished before
deciduous species had lost their leaves, so that cover measurcment was consistent.
At the time each of these transects was initially surveyed, the endpoints of the
transects were flagged and marked with sections of rebar pounded inta the ground.
Data were collected again in August 1993, approximately 18 months after the 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, 1984b). Resampling included only
those sites for which both 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 addition, alluvial surfaces at each site and along most of the length of
each creek betweern sites were examined for seedlings or small saplings that could
reasonably 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'). The diversity index is calculated by the formula H” = -Z p; logp;,
where p; is the importance value for the ith species, Relative cover was used as the
importance value. Paired ttests 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, was tested qualitatively, by
observation. The fifth hypothesis, regarding 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
regresstons were calculated were thase that accounted for 4% mean relative cover
in the pre-flood data. The regression equations took the form y = a + b log Dy,
where y is the change in vegetation characteristic and D is drainage arca measured
in km?, Examination of residuals from the regressions revealed no patterns indica-
tive of spatial autocorrelation, and plots of residuals against drairage area showed
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them to be homoscedastic, However, it should be noted that the lmited 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 Josses at
other sites, so that the mean decrease in cover was only ~1 m (down from 22.1 m
in 19903

Stmilarly, 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 were 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 signif-
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-flnod, 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 of seedling establishment. Reconnaissance
along several kilometers of the two creeks, in addition ta examination of the study
sites, revealed extensive areas of bare aliuvium, but no sign of recently established
individuals. There were indeed fresh stems sprouting fram some flood-damaged
Alnus and Salix, but such vegetative growth tended to reinforce thickets that had
survived the flood, rather than re-occupy areas that had been left hare.

Successiul establishment of riparian seedlings requires adequate moisture in the
growing season after substrate is cleared by a flond (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 m*s™1 at site
SC7.1. The flood had z recurrence interval of 7.8 years and presumably was large
enough to uproot 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 1993"

-

1990 1993
Vepetation characteristic (meart & $0) fmean & S0 t P
Yedal cover (m) 2012 21.06 £ 11.45 -0.410 69
Phiversity (H”) 1.29 £ 0.48 1,15 % 051 ~(.922 37
Relative cover {in percent)
Salix fasiolepis 2970 + 28,499 27.54 & 27.85 ~{.416 68
Populus fremontii 15.14 £ 21.80 16,54 1 23.68 0.375 J
Safix faevigata 9.75  11.80 709+ 1220 -~0.998 3
Salix exigua 9.38 £ 16.12 705 £16.11 -1.323 20
Alrmug rhombifolia 812+ 1596 517 £ 15.59 -1.386 18
Rosa califormica 6.89 % 10,56 740+ 11.20 0,461 65
Bacchatis ghatingsa 482+ 7.14 443+ 9.38 -0.306 76
Lepidospartum squarnaturn ' 223+ B.20 1.68 = 692 ~1.612 Nk
Fphedra viridis 1.88 % 7.75 588+ 2425 1.000 33
Addenostama fascicilatum 1.864+ 543 149+ 493 ~1.141 27
Pinus ponderosa 173 615 0.00 ~1.16D 26
Eriogonem fasciculatum 129 3.16 418+ 614 2.901 01
Erodictyon crassifolium 098 ¢ 2.08 006k 027 ~1.866 08
Cranothus leucodernis 0842 1.93 050 % 207 ~(1.651 52
Tomicodendron radicans 0824+ 292 057 + 1.56 -0.359 72
Tamarix chinensis 074 3.06 0.00 ~1.000 33
Arctostaphyfos glauca 056+ 233 0.00 -1.000 33
Cuercus dumosa 0hh s 227 081+ 3.75 L0 X
Rhus trifobata 047 £ 1.41 0490+ 2.57 0.647 .53
Chrysothamnus nauseasus 0463 1,23 1.24 & 2.69 1.237 23
Artemisia tridentata 042+ 1.14 1.76 4 4.23 1.362 A9
Prunus spp. 036+ 1.58 035z (.64 -1.000 33
Crrcocarpis betwlofdes 0342 1.39 0.00 ~ 1,000 A3
Flalanus racemosa 0.24+ 097 192+ 651 1.081 30
Rubus ursinus M 0.86 06+ 315 047 68
Quercus chrysolepis 013 % 056 030 1.24 1.000 A3

“The -test indicates whether the differences between 1990 and 1993 were significantly greater than
2800,

LS b2

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
maisture actually prevented rather than facilitated germination, if high stream flows
had not yet drapped enough 10 expose substrate by the time (primarily May and
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Fig. 2. Scatterplots and regression equations relating changes in total cover and the Shannon-Waaver
diversity index to position in thie watershed,

June) that potential pioneer species were producing seed (McBride and Strahan,
19841h).

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 pesition. 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 hypothesis that flood
impacts would be concentrated downstream, where flood discharges are highest,
However, it subverts hypothesis 1, because the changes balance out in calculaling
average change. Changes in diversity also were significantly related to drainage
area, and again the changes were greatest downstrearn, 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 (lood losses, Salix exigua tends to grow in thickets on sandy and grav-
elly alluvium along channel margins. If this substrate is substantially reworked dur-
ing floods, then the plants will be washed away, ever: if their flexibility has spared
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 minimal impacts on the compaosition of the riparian vegetation in these
watersheds. The spatial pattern of changes in diversity probably reflects a combina-
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Fig. 3. Site PC4 in Oxlober 1990 (A) and August 1993 (B). This is the highest site in the Piru Creek
watershed, and the cover of Salix fasiofepls and Rosa californica experienced minimal 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.

COMNCLUSIONS

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 ohscured, either by aggregation of data (cf.
Table 1) or simply by failing to sample the watershed comprehensively. From an
ecalogical perspective, it is a reminder of the complexity of fluvial/tiparian 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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Fig. 4. Site PC19 in Oclober 1990 {A) and August 1993 (B), This is the lowest site in the Piru Creek
walesshed, and it experienced the greatest change. In 1990, seven species were sampled, including subx-
stantial cover of Baccharis glutinosa, Tamarix chinensis, and three Salix species in the thicket adjacent to
the channel, In 1993 total cover and diversity were substantially reduced, as the only remaining vegeta-

tiog on the sample transect was Ephedra viridis, wel above the channel,

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

Species Sign® I F P
Salix lasiolepis + 09 1524 236
Populus feemontif - 01 0.155 700
Salix hhevigata - 0% 1.522 236
Salix exigia - 33 7.307 D6
Alnus thombiiofia + 00 0.009 926
Rosa californica - Al 1637 220
Baccharis ghutinosa - 02 0.152 562
LAY

Begign” refers to the sign of the coefficient; thus a positive sign suggests that the change was grealer

derwnistrarm,
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The second general observation is that the flood had minimal impact on the
compositiomal 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 iy 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 impaortant components of
the vepetation 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 nat be regarded as agents of disturbance, in the sense
of triggering a change in vegetation. Rather, they constitute an environmental char-
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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