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The riparian forests of southern California are subject to disturbance by both fire and 
flood. These agents are capable of causing pulses of mortality and recruitment, but it 
remains unclear how they interact to determine patterns of stand development. We 
use dendrochronology to identify establishment dates for stems of major riparian tree 
species in the Sespe Creek watershed, in order to examine their relationship to regio-
nal flooding and fire history. Our 11 study sites were burned by major fires in 1932 
and 2002, with a smaller 1975 fire affecting only two sites; major floods were con-
centrated within the second half of the 1933–2009 streamflow record, with the larg-
est floods occurring in 1969, 1978, and 1983. Three periods of stand development 
are evident: (1) the oldest alder (Alnus), cottonwood (Populus), and oak (Quercus) 
stems became established soon after the 1932 Matilija Fire, (2) minimal stem estab-
lishment between the 1940s and mid-1960s, and (3) continued, although irregular, 
recruitment of alder and cottonwood since the late 1960s. These patterns show epi-
sodes both of regeneration following a catastrophic site-clearing event (Matilija Fire) 
and of more localized stem replacement during the recent period of increased flood 
magnitude, with implications for changes in the composition of these forests. 
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Introduction 

Among the principal foci in research on ecological disturbance is the role that distur-
bance plays in facilitating regeneration (Oliver, 1981; Paula et al., 2009; Pickett & 
White, 1985). In a variety of environments, more or less even-aged demographic 
cohorts mark pulses of establishment following major disturbances (Keeley, Fothering-
ham, & Baer-Keeley, 2005; Kneeshaw & Burton, 1997; Tinker, Romme, & Despain, 
2003). 

Riparian plant communities are particularly subject to disturbance, because of their 
near-inevitable exposure to floods (Bendix, 1998; Bendix & Hupp, 2000; Osterkamp & 
Hupp, 2010). Consequently, there are numerous empirical examples of regeneration in 
the aftermath of flooding (e.g. Corenblit, Steiger, & Tabacchi, 2010; Craig & Malanson, 
1993; Malanson, 1993; Stromberg, Richter, Patten, & Wolden, 1993), although the rela-
tionship of floods with stand establishment may be mediated by climate (Baker, 1990). 
In dryland environments, flood disturbance is a particularly important process linking 
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vegetation and landforms (Bendix & Stella, 2013; Parker & Bendix, 1996; Stella, 
Rodríguez-González, Dufour, & Bendix, 2012). 

In recent years, there has also been an increasing recognition of the role of fire as a 
riparian disturbance agent (Brathwaite & Mallik, 2012; Pettit & Naiman, 2007a; Vaz 
et al., 2011), especially in the western United States (Bendix & Cowell, 2010a; Charron 
& Johnson, 2006; Dwire & Kauffman, 2003; Stromberg & Rychener, 2010). 

The relative importance of the two disturbance agents seems to be quite spatially 
variable. Pettit and Naiman (2007a) suggested that fire is generally less frequent and 
less intense in riparian zones than in surrounding uplands, a logical contention given 
the moist conditions typical of riparian environs. Because of the lower fire intensity in 
a Sierra Nevada riparian setting, Kobziar and McBride (2006) concluded that the ripar-
ian zone can actually serve as a natural firebreak (a phenomenon often exploited by 
wildland firefighters; J. Bendix personal observation). Similarly, in other Sierran 
streams, Russell and McBride (2001) found that fire was rare and had minimal impact 
on riparian conifer forests. However, Pettit and Naiman (2007a) also suggested that 
steep, low-order streams within dry climate regions may experience fire regimes more 
similar to the upland matrix. Such is evidently the case in the low-order southern Cali-
fornian streams where Bendix and Cowell (2010a) found high mortality rates in the 
riparian zones, with no diminution of impacts near the channel. Indeed, where climate 
is sufficiently dry, fire can also cause significant mortality even in larger, high-order 
streams (Stromberg & Rychener, 2010). In the front ranges of the Canadian Rockies, 
Charron and Johnson (2006) found that the relative roles of fire and flood were deter-
mined by geomorphic setting, with tree age being determined by flood history on point 
and lateral bars, and by fire where those oft-flooded depositional features are absent. 
Fire and floods are not independent of each other, as fire, through its effect on vegeta-
tion, alters hydraulic resistance, whereas floods, through the distribution of woody deb-
ris, affect the spatial arrangement of fuel load for fires (Bendix & Cowell, 2010b; Pettit 
& Naiman, 2007b). 

In the Mediterranean-climate subset of dry regions, fire has been clearly identified 
as an effective disturbance agent (Bendix & Cowell, 2010a; Davis, Keller, Parikh, & 
Florsheim, 1989; Vaz et al., 2011). Insights are still lacking, however, regarding the 
importance of these disturbances in initiating riparian stand establishment. It is not clear 
whether the demonstrable fire-induced mortality does result in colonization by new 
stems, nor, if it does, how important a factor this is relative to flood disturbance. This 
study represents an initial examination of the role of wildfire and floods in stand estab-
lishment of riparian gallery forest in two small southern California streams. Our specific 
questions are (1) what are the establishment dates for stems of major riparian tree 
species in the study watersheds? and (2) are the riparian tree establishment dates related 
to the history of fires and/or floods in the study area? The answers to these questions 
provide some insights into the relative importance of the two disturbance types in this 
setting. 

Methods 

Study area 

Our study sites are located in the Sespe Creek watershed in California (Figure 1). The 
sites are within the Sespe Wilderness, in the Los Padres National Forest. The region has 
a Mediterranean-type climate, characterized by dry summers and wet winters (Figure 2). 
We studied riparian stands along two tributaries of Sespe Creek, Piedra Blanca Creek 
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Figure 1. Map of study area, with sampling sites and weather station and stream gage locations. 

(34°34′N, 119°10′W), and Potrero John Creek (34°36′N, 119°16′W). Site elevations 
range from 950 to 1400 m. The Sespe watershed lies within the Transverse Ranges, and 
the steep slopes and shallow soils of the surrounding uplands contribute to flashy 
hydrologic response to precipitation. Piedra Blanca and Potrero John Creeks occupy nar-
row valleys, with valley floors typically <150 m width. Hillslope vegetation is chaparral, 
primarily Adenostoma fasciculatum and Arctostaphylos spp. 

Vegetation on the valley floor is dominated by Alnus rhombifolia, Quercus agrifolia, 
Populus fremontii, Salix spp. and Quercus dumosa. Among these taxa, Q. agrifolia is 
represented by few individuals, but they are so large that they contributed dispropor-
tionately to stand basal area; conversely, Salix and Q. dumosa are numerous, but typi-
cally quite small. 

Fire history 

We obtained fire history and fire perimeter information from the digital database main-
tained by the California Department of Forestry and Fire Protection’s Fire and Resource 
Assessment Program. The database incorporates fire data from Federal, State, and local 
agencies for fires >10 acres (4.05 ha), dating to 1878 (CAL FIRE, 2010). Because 
severe fire conditions are presumably necessary to burn the relatively moist riparian 
zone, fires too small for inclusion in the database are unlikely to have been significant 
disturbance agents at our sites. 



152 J. Bendix and C.M. Cowell 

25 200 

180 

20 160 

140 
) 

e 
(°

C P
15 120 r

tu
r

100 

em
pe

ra

10 80 

T

60 

ecipitation (m
m

) 

5 40 

20 

0 0 
JAN FEB MAR APR MAY  JUN JUL  AUG SEP  OCT  NOV DEC 

Month 

Figure 2. Monthly averages of temperature (line) and precipitation (bars) from the climate 
station at Rose Valley. Data are means for the period spanned by the station record: November 
1993 through January 2012, obtained from the Western Regional Climate Center. 

Flood data 

Our primary flood data are annual peak flood magnitudes, as recorded at the Sespe 
Creek near Wheeler Springs gage. That gage is located on Sespe Creek, between its 
confluences with the two study creeks (Figure 1). Although the discharges on Piedra 
Blanca and Potrero John Creeks are certainly smaller than on Sespe Creek, the Sespe 
record constitutes a good indicator of relative flood magnitudes from year to year. This 
is especially the case because large floods in this region typically result from extensive 
frontal precipitation, so that the entire watershed is likely to experience synchronous 
flood events (Raphael, Feddema, Orme, & Orme, 1994). 

The Sespe Creek near Wheeler Springs gage record spans the period from 1949 
through 2009, with a gap from 1998 to 2002. To fill that gap and to extend the record 
further back in time, we developed discharge estimates based on the record from the 
Sespe Creek near Fillmore gage (Figure 1). We regressed the Wheeler Springs record 
on the Fillmore record, using data from 44 years in which the peak flows at the two 
gages were within 24 h of each other, indicating that they were responses to the same 
rainfall events. We used this regression equation (R2 = 0.86, p < 0.001) to estimate dis-
charge for the missing years from the Wheeler Springs record and to extend it to 
1933, the first year of the Fillmore record. The explained variance of the regression, 
and the fact that the two gages are, in fact, on the same stream, suggests that the esti-
mates should be sufficiently accurate to identify the years during which major floods 
occurred in the watershed. Because our interest is in identifying the years in which 
high discharges occurred, rather than in the exact discharges at the gage on Sespe 
Creek, we standardized the flood data by calculating z-scores for each year’s peak 
discharge. 
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Tree ages 

We extracted 42 total stems from trees on the valley floor in 2003, at the 11 sites 
shown in Figure 1. The cores include 29 from A. rhombifolia, seven from P. fremontii, 
and six from Q. agrifolia, numbers that approximate the relative abundance of these 
species at our sites (Bendix & Cowell, 2010a). Diameter at breast height (DBH) of the 
cored trees ranged from 5.0 to 77.8 cm. Cores were extracted at 45 cm above ground. 
The cores were mounted and sanded following standard procedures (Speer, 2010), and 
rings were counted under a binocular microscope to determine the date of establish-
ment. We did not adjust for the time for stems to reach the 45 cm coring height. Field 
observations suggest that sprouts or seedlings of Alnus or Populus may reach that 
height in less than a year; we have not seen immature Q. agrifolia in the study area to 
calibrate that species’ growth rate. All three species are capable of either sexual or 
vegetative regeneration under at least some circumstances (Steinberg, 2002; Taylor, 
2000; Uchytil, 1989), so the stem ages may represent the growth of either seedlings or 
sprouts. To allow for possible errors in the age determinations, we grouped stems in 
five-year age cohorts, rather than assigning them to specific years. 

Results 

Disturbance history 

Fire history of the study area is shown in Figure 3. The entire area was burned in the 
Matilija Fire of 1932, one of the largest wildfires in California history. Since then, two 
of the sampling sites burned in a much smaller, unnamed 1975 fire. All of the sites 
burned in the 2002 Wolf Fire, but that was too recent for post-fire stems to reach our 5-
cm DBH criterion for coring. The flood record (Figure 4) shows that peak flows were 
relatively low from 1933 through 1968, with the six largest floods in the record 
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Figure 3. Perimeters of historical fires in the study area. 
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Figure 4. Annual peak discharge at the Sespe Creek near Wheeler Springs gage. Black bars 
represent data collected at the gage; gray bars denote estimates based on regression. 

(z > 2.0) occurring since 1968. The largest floods (z > 2.5) occurred in 1969, 1978, and 
1983. 

Tree ages 

Three periods are notable in the tree core record (Figure 5): 1935–1940, when most of 
the older stems were established; 1941–1965, with very little recruitment (just two 
stems of Q. agrifolia); and 1966–2000, when most of the A. rhombifolia and 
P. fremontii were established. For A. rhombifolia, only three of the 29 cored trees 
predated 1966, but there has been continuous, if irregular, recruitment since then. 
P. fremontii stems date to the late 1930s, the early 1970s, and the 1980s. Most of the 
Q. agrifolia stems were from the early 1940s, with none establishing since 1955. The 
latter finding is in keeping with the absence of small stems of Q. agrifolia at our study 
sites (Bendix & Cowell, 2010a). 

Discussion 

The 1932 Matilija Fire apparently cleared the slate in this area, as all but one of the 
trees we sampled (including long-lived Q. agrifolia) post-dated that event. The late 
1930s establishment of most of the older trees of all three species can be seen as the 
product of colonization (either by germination or by sprouts from the root crowns of 
fire-killed stems) in the fire-cleared riparian zone. The importance of later disturbance 
events is more equivocal. The extensive recruitment in the 1970s could be interpreted 
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Figure 5. Tree establishment dates for A. rhombifolia (a), P. fremontii (b), and Q. agrifolia (c). 
Black indicates trees at sites that burned in the 1975 fire (PJC 4 and PJC 5), gray indicates trees 
at all other sites. 

as a response to the 1969 flood. But that is an unsatisfactory explanation by itself, 
because fewer trees date to the period after the rather larger 1983 flood, and indeed 
A. rhombifolia recruitment continued through the relatively quiet (disturbance-wise) 
1990s. 

It is instructive to consider when recruitment (as inferred from surviving stems) did 
not occur, as well as when it did. There is no direct evidence as to the cause for the fol-
lowing 25-year hiatus in recruitment, but the burst of recruitment in the 1930s may be 
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the key. The density of seedlings, saplings, and shrubs may have been too great to 
allow for further colonization. After a period of decades, self-thinning and/or intermit-
tent flood mortality opened enough space to allow for intermittent, ongoing regenera-
tion. Because the largest floods in the watershed all occurred after the interruption of 
recruitment, it is impossible to know whether earlier disturbance would have ended the 
interruption sooner, or if some decades were needed for the initial growth that followed 
the Matilija fire to thin. We emphasize floods in this post-Matilija context because the 
1975 fire was evidently not severe enough (within the riparian zone, at least) to trigger 
significant establishment, as only one tree was established at sites burnt in that fire 
within the ensuing five years. 

The interpretation outlined above leaves open the question of the gallery forest com-
position during the period between the Matilija Fire and the extensive regeneration of 
the 1970s–1990s. Although all of the species we studied are generally described as 
being disturbance adapted, Bendix and Cowell (2010a) reported that A. rhombifolia in 
the area generally failed to regenerate following the 2002 Wolf Fire. Similarly, Davis 
et al. (1989) found that A. rhombifolia had low rates of both resprouting and seed via-
bility at burned riparian sites after the 1985 Wheeler Fire, immediately to the southwest 
of our present study area. Both studies concluded that Alnus was likely to be absent for 
timespans of years to decades following severe fire in riparian settings. Bendix and 
Cowell (2010a) identified P. fremontii as the species likely to increase its relative domi-
nance the most in the aftermath of fire, and it seems likely that Populus, Q. dumosa, 
and Salix were all more important before Alnus began assuming a more dominant role 
in the 1970s. Q. agrifolia may have been more prominent as well, but given that spe-
cies’ generally limited rates of regeneration (Steinberg, 2002; Tyler, Kuhn, & Davis, 
2006), it is unlikely to have rivaled the other riparian tree taxa in either density or fre-
quency of occurrence. 

The fact that our sample is derived from sites on small streams (<35 km2 drainage 
area) and includes a limited number of stems per species suggests that these results can-
not be extrapolated across all riparian settings. But this sample does provide empirical 
clues that are of value in an environment where demographic data for riparian trees are 
quite limited. Small low-order streams constitute a substantial part of the riparian habitat 
in any drainage system (Horton, 1945), and the vegetation type we sampled is common 
in the region (Bendix, 1994). Thus, these results constitute a valuable starting point for 
understanding stand establishment processes. 

Conclusions 

Our data suggest that disturbance may play two rather contrasting roles in affecting 
riparian tree establishment in this environment. The Matilija fire exemplifies the first 
role: stand-clearing disturbance that allowed for a significant pulse of recruitment. But 
the remainder of the record does not suggest an environment in which regeneration 
depends upon catastrophic disturbances followed by discrete episodes of recruitment. 
For the last three decades of the 20th century, there was plentiful regeneration, at least 
of A. rhombifolia, without stand-clearing disturbance (as evidenced by the plentiful sur-
viving stems). Comparison of the flood record to the tree establishment record suggests 
that floods may have facilitated reproduction, but that they were not essential to it. 
Thus, regeneration occurs with or without stand-clearing disturbance, but when such 
disturbance does occur, it alters both the amount and the composition of recruitment. 
This reinforces earlier suggestions (Bendix & Cowell, 2010a) that wildfire in the 
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riparian zone, while comparatively rare, is important because its impacts are 
quantitatively and qualitatively different from those of floods. 

In this instance, the relatively subtle impact of floods may be partially due to the 
location of our study in small tributaries. Within this region, Bendix (1998) found that 
flood impacts on vegetation were significantly related to position in the watershed, so 
that the role of floods in our current study might have been much greater had it been 
undertaken further downstream. This consideration serves as a reminder that conclu-
sions regarding riparian vegetation–environment relationships are always geographically 
contingent, ever dependent upon position within the watershed. 

Acknowledgments 
Fieldwork was supported by a grant from the Appleby-Mosher Fund in the Maxwell School at 
Syracuse University, by faculty development grants from Syracuse University and the University 
of Missouri, and by the US Forest Service. We thank Dr Mark Borchert for sharing both his 
home and his ecological insights with us during fieldwork, Joseph W. Stoll for preparation of the 
figures, and Michael Commons for research assistance. Parts of this paper were prepared while 
Bendix was a visiting research fellow at the University of Macau. 

References 
Baker, W. L. (1990). Climatic and hydrologic effects on the regeneration of Populus angustifolia 

James along the Animas River, Colorado. Journal of Biogeography, 17, 59–73. 
Bendix, J. (1994). Among-site variation in riparian vegetation of the Southern California Trans-

verse Ranges. American Midland Naturalist, 132, 136–151. 
Bendix, J. (1998). Impact of a flood on southern Californian riparian vegetation. Physical Geog-

raphy, 19, 162–174. 
Bendix, J., & Cowell, C. M. (2010a). Impacts of wildfire on the composition and structure of 

riparian forests in southern California. Ecosystems, 13, 99–107. 
Bendix, J., & Cowell, C. M. (2010b). Fire, floods and woody debris: Interactions between biotic 

and geomorphic processes. Geomorphology, 116, 297–304. 
Bendix, J., & Hupp, C. R. (2000). Hydrological and geomorphological impacts on riparian plant 

communities. Hydrological Processes, 14, 2977–2990. 
Bendix, J., & Stella, J. C. (2013). Riparian vegetation and the fluvial environment: A biogeo-

graphic perspective. In J. Shroder (Editor in Chief), D. R. Butler & C. R. Hupp (Eds.), Trea-
tise on Geomorphology, Vol. 12, Ecogeomorphology (pp. 53–74). San Diego, CA: Academic 
Press. 

Braithwaite, N. T., & Mallik, A. U. (2012). Edge effects of wildfire and riparian buffers along 
boreal forest streams. Journal of Applied Ecology, 49, 192–201. 

CAL FIRE. (2010). Fire perimeters: Methodology. California: Department of Forestry and Fire 
Prevention, Fire and Resource Assessment Program. Retrieved from http://frap.cdf.ca.gov/pro-
jects/fire_data/fire_perimeters/methods.asp 

Charron, I., & Johnson, E. A. (2006). The importance of fires and floods on tree ages along 
mountainous gravel-bed streams. Ecological Applications, 16, 1757–1770. 

Corenblit, D., Steiger, J., & Tabacchi, E. (2010). Biogeomorphologic succession dynamics in a 
Mediterranean river system. Ecography, 33, 1136–1148. 

Craig, M. R., & Malanson, G. P. (1993). River flow events and vegetation colonization of point 
bars in Iowa. Physical Geography, 14, 436–448. 

Davis, F. W., Keller, E. A., Parikh, A., & Florsheim, J. (1989). Recovery of the chaparral riparian 
zone after wildfire. In D. L. Abell (Ed.), Proceedings of the California Riparian Systems Con-
ference, USDA For. Serv. Gen. Tech. Rep. PSW-110 (pp. 194–203). Berkeley, CA. 

Dwire, K. A., & Kauffman, J. B. (2003). Fire and riparian ecosystems in landscapes of the 
western USA. Forest Ecology and Management, 178, 61–74. 

Horton, R. E. (1945). Erosional development of streams and their drainage basins; hydrophysical 
approach to quantitative morphology. Geological Society of America Bulletin, 56, 275–370. 

http://frap.cdf.ca.gov/pro


158 J. Bendix and C.M. Cowell 

Keeley, J. E., Fotheringham, C. J., & Baer-Keeley, M. (2005). Determinants of postfire recovery 
and succession in mediterranean-climate shrublands of California. Ecological Applications, 
15, 1515–1534. 

Kneeshaw, D. D., & Burton, P. J. (1997). Canopy and age structures of some old sub-boreal Picea 
stands in British Columbia. Journal of Vegetation Science, 8, 615–626. 

Kobziar, L. N., & McBride, J. R. (2006). Wildfire burn patterns and riparian vegetation response 
along two northern Sierra Nevada streams. Forest Ecology and Management, 222, 254–265. 

Malanson, G. P. (1993). Riparian landscapes. Cambridge: Cambridge University Press. 
Oliver, C. D. (1981). Forest development in North America following major disturbances. Forest 

Ecology and Management, 3, 153–168. 
Osterkamp, W. R., & Hupp, C. R. (2010). Fluvial processes and vegetation: Glimpses of the past, 

the present, and perhaps the future. Geomorphology, 116, 274–285. 
Parker, K. C., & Bendix, J. (1996). Landscape-scale geomorphic influences on vegetation patterns 

in four environments. Physical Geography, 17, 113–141. 
Paula, S., Arianoutsou, M., Kazanis, D., Tavsanoglu, Ç., Lloret, F., Buhk, C., … Pausas, J. G. 

(2009). Fire-related traits for plant species of the Mediterranean Basin. Ecology, 90, 1420. 
Pettit, N. E., & Naiman, R. J. (2007a). Fire in the riparian zone: Characteristics and ecological 

consequences. Ecosystems, 10, 673–687. 
Pettit, N. E., & Naiman, R. J. (2007b). Postfire response of flood-regenerating riparian vegetation 

in a semi-arid landscape. Ecology, 88, 2094–2104. 
Pickett, S. T. A., & White, P. S. (1985). The ecology of natural disturbance and patch dynamics. 

San Diego, CA: Academic Press. 
Raphael, M., Feddema, J., Orme, A. J., & Orme, A. R. (1994). The unusual storms of February 

1992 in southern California. Physical Geography, 15, 442–464. 
Russell, W. H., & McBride, J. R. (2001). The relative importance of fire and watercourse proxim-

ity in determining stand composition in mixed conifer riparian forests. Forest Ecology and 
Management, 150, 259–265. 

Speer, J. H. (2010). Fundamentals of tree-ring research. Tucson, AZ: University of Arizona 
Press. 

Steinberg, P. D. (2002). Quercus agrifolia. In Fire effects information system [Online]. U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences 
Laboratory. Retrieved from http://www.fs.fed.us/database/feis/ 

Stella, J. C., Rodríguez-González, P. M., Dufour, S., & Bendix, J. (2012). Riparian vegetation 
research in Mediterranean-climate regions: Common patterns, ecological processes, and con-
siderations for management. Hydrobiologia. doi:10.1007/s10750-012-1304-9 

Stromberg, J., Richter, B., Patten, D., & Wolden, L. (1993). Response of a Sonoran riparian forest 
to a 10-year return flood. Western North American Naturalist, 53, 118–130. 

Stromberg, J. C., & Rychener, T. J. (2010). Effects of fire on riparian forests along a free-flowing 
dryland river. Wetlands, 30, 75–86. 

Taylor, J. L. (2000). Populus fremontii. In  Fire Effects Information System [Online]. U.S. Depart-
ment of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Labora-
tory. Retrieved from http://www.fs.fed.us/database/feis/ 

Tinker, D. B., Romme, W. H., & Despain, D. G. (2003). Historic range of variability in landscape 
structure in subalpine forests of the Greater Yellowstone Area, USA. Landscape Ecology, 18, 
427–439. 

Tyler, C. M., Kuhn, B., & Davis, F. W. (2006). Demography and recruitment limitations of three 
oak species in California. Quarterly Review of Biology, 81, 129–152. 

Uchytil, R. J. (1989). Alnus rhombifolia. In  Fire effects information system, [Online]. U.S. Depart-
ment of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences Labora-
tory. Retrieved from http://www.fs.fed.us/database/feis/ 

Vaz, P. G., Warren, D. R., Pinto, P., Merten, E. C., Robinson, C. T., & Rego, F. C. (2011). Tree 
type and forest management effects on the structure of stream wood following wildfires. 
Forest Ecology and Management, 262, 561–570. 

http://www.fs.fed.us/database/feis
http:rhombifolia.In
http://www.fs.fed.us/database/feis
http:fremontii.In
http://www.fs.fed.us/database/feis



