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Fig. 3. Peak modal height of C. glomerata streamers plotted against
(A) Rhopalodiaceae frustules and (B) total freshwater diatom frustules from
core L10C3. Each point shows data for the algal survey and the corresponding
sampled sediment layer from 1988 to 2001 (S| Methods).

We converted our diatom totals from each slide to estimates of frustule
accumulation rates for the entire annual lamina following standard proce-
dures (S| Methods) (15).

Diatom frustule densities in cores were compared with the magnitude of algal
proliferations surveyed by one of us (M.E.P.) across four permanent cross-stream
transects during summers from 1988 through 2001. These transects were
established over a 5-km reach along the upper South Fork Eel River within the
Angelo Coast Range Reserve, about 210-km upstream from the mouth of the Eel
River. Modal height of attached filaments (hereafter “proliferation heights”),
the percentage cover, and the condition of algae were all recorded within an
estimated ~100-cm? area under each transect point (additional methodological
details are in SI Methods).

Results and Discussion

Annual peaks of spatially averaged Cladophora proliferation heights
surveyed along the South Fork of the Eel River near Branscomb,
California, for a given year were positively related to the abundance
of freshwater Rhopalodiaceae frustules recovered from the corre-
sponding lamina in the marine core (Fig. 34). Total counts of all
epiphytic freshwater diatom taxa (including C. placentula, C. pediculus,
R. abbreviata, and Gomphonema spp.) were also positively corre-
lated with Cladophora proliferation height during a given year
(Fig. 3B). The abundance of Rhopalodiaceae diatom frustules in a
lamina for a given year explains 47% of the year-to-year variation
in surveyed Cladophora peak modal height averaged over surveyed
transects, and the total freshwater epiphytic diatom frustules in a
lamina for a given year explains 33% of interannual variation in
this index of peak Cladophora biomass. Paleolimnological studies
of periphyton in the St. Lawrence River have also reconstructed
Cladophora biomass from epiphytic diatoms (26), including the
same or similar species found in the Eel flora.

Both Rhopalodiaceaen and total freshwater diatom frustule
counts were weakly negatively correlated with precipitation during
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a given year (Fig. 4). This suggests that top-down controls as a
result of release from grazers were more significant than were
bottom-up effects linked to increased annual precipitation, such as
increased nutrient fluxes, or more prolonged periods of favorable
flow velocities or temperatures. In mixed-size gravel-bedded rivers,
scour of the bed occurs as a threshold event, when flood discharges
reach “bankfull,” estimated as that magnitude with a recurrence
interval of ~1.5 y (27, 28). A flood of this magnitude appears
necessary for extirpating predator-resistant overwintering grazers.
After this flow threshold is crossed, however, summer algal pro-
liferation magnitude is not correlated with flood magnitude or with
the number of subsequent floods (9). In some years after scouring
floods, early summer algal growth was exported by late June spates,
with modest subsequent recovery, as waning, warming late-summer
flows became less favorable for Cladophora proliferation. These
complications and nonlinearities added noise to the relationship
between flood peak magnitudes and summer algal biomass, which
suggested that frustule abundance in an annual lamina was a true
paleoproductivity record, rather than a result of river discharge.
It was surprising that frustule counts representing annual flux
from the entire 9,546-km? Eel basin were strongly related to pro-
liferation heights surveyed over a relatively small (5 km) study
reach draining 116-137 km? of the upper South Fork of the Eel
River. For successful upscaling, three assumptions would have to
be met: (i) annual algal proliferation sizes were positively corre-
lated among subbasins across the Eel River because of correlated
or compensatory trends in the annual hydrologic, environmental,
and food-web controls that limit accrual of Cladophora, and Epi-
themia, and other epiphytic diatoms during a given year; (i) frus-
tules were not stored in depositional riverine environments (deep
pools, off channel water bodies or wetlands) even during low flow
years, so that most frustules are exported offshore during the year
in which they were produced (SI Methods); and (iii ) most exported
frustules were deposited in their final canyon repository during the
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Fig. 4. (A) Rhopalodiaceae diatom frustules per year and (B) total freshwater
diatom frustules per year from core L10C3 plotted against annual total pre-
cipitation measured at Eureka, California (NWS Station 42910) from 1918 to 2001.
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same water year that they were produced. We examine each of thesebiomass of riverine algae produced during a given year with the

assumptions in turn below. density of freshwater diatom frustules in lamina estimated, from
Hydrologic mediation via food-web interactions has been 2'%b dating (20), to correspond to that year.
established as a major mechanism releasir@@adophoraprolif- Freshwater diatom frustules recovered from submarine canyon

erations in the Upper South Fork Eel River basin (3), but has not cores appear to be useful as a paleoproductivity (proliferation size)
been examined elsewhere in the basin. Counts of Rhopalodiaceaeproxy of algae and algal-based food-web dynamics during the pe-
and total epiphytic diatom frustules recovered from the marine riod of overlap between the core and survey record. Our results
core suggest that large algal proliferations tended to follow bed- suggest that we can usEpithemiaand other freshwater epiphytic
scouring winter floods across the entire Eel River basin during the diatoms to extend temporal inferences about hydrologically con-
interval recorded in the core. This congruence may suggest similar trolled food-web states (e.g., the alternative food-web structure
release 0fC|ad0phOI’af0||0Wing f|00d scour Of pl’edator-l’esistant with Contrasting alga| abundance as a response to sub- vs. Super.
grazers, but the pattern could also arise from flood-mediated ef- pgnkfull discharge during the preceding winter) Fig. S1 back
fects that enhanced algal accrual by enhancing environmental nearly a century for the L10C3 core (34). The results are also
conditions or nutrient fluxes. In the eastern portions of the basin, encouraging for spatial upscaling. Similar research with a lower-
there is less forest cover and a potential for a different combination osoution core from coastal Portugal established a correlation
of hydrologically mediated top-down and bottom-up controls penyeen freshwater diatom frustules and instrumental records of
to influence algal accrual during a given yeardl Method$. The  jer fiood stages (15, 16). Work in the Murray-Darling River basin

negative correlation of frustule densities in laminae with total an- of Australia. St. Lawrence River of Canada. and the Amazon River
nual rainfall, however, favors grazer release rather than bottom-up has also sﬁown that diatom frustules rec,overed from freshwater

controls as a _basm-Wlde ex_plan_atlon ('.:'g' 4). Overwinter storage of off-channel deposits recorded basin-wide environmental changes
a summets diatom production in the river channel or basin could (17, 26, 35)
produce time lags, complicating the relationship between annual Based on frustule recovery from marine cores, we are able to

algal production and frustule densities in laminae. If summer algal - - . T - .
production were stored over low-flow winters until flushed duringa SSimate the size attained by past riverine algal proliferations up
subsequent high flow year, we would expect the abundance ofuntll the 2001 core collection, prlmary.productlon that can support
frustules in a lamina to increase with the magnitude of the peak consumers and pr(_adators. Paleoproxies _that provnje such a record
winter flood that follows a given summer growth period. However, of primary production may expand the time domain of food-web
analyses beyond not only the period of contemporary research, but

the relationship of frustule counts to actual surveyed peak algal . i
biomass surveyed in the upper South Fork Eel watershed in a given /S0 beyond that of the instrumental record. The dynamics of food-
web interactions that involve long-lived organisms or slow feed-

year was stronger than the relations of either Rhopalodiaceae ; S
frustules, or total freshwater diatom frustules to that water yess ~ Packs often unfold over decades to centuries or millenia. In such
peak hourly maximum discharge during the subsequent winter ecosystems, paleoproduction proxies may allow hypot_heses about
(Fig. S2. The geomorphology of the Eel, a steep, canyon-bound trophic controls to be t_avaluated over more appropriate time scales.
river, and the apparent lack of frustule storage even over drought Ecosystem change will also be driven by external forcing processes
winters suggest that the Eel River has only one major repository: its With long time scales. With the increased understanding of the
submarine canyon $I Method3 (29, 30). Storage of frustules in importance of long-period climate cycles, such as the Pacific De-
shelf deposits for one or more years before their transport to the cadal Oscillation for marine and freshwater food WebS, the need
canyon would, like river channel storage, complicate the relation- for long time-series data on responses has become more apparent.
ship between riverine algal production and frustule density in the The widespread geographic dominance o€. glomeratain tem-
lamina assumed to record deposition from a given year. The perate freshwater rivers and lakes globally (25, 36, 37) suggests that
sinking rates of diatoms in still columns of salt water have been its epiphytic diatoms could be used as proxies in other temperate
estimated to range from 0.6 to 8 m ' in marine diatoms similar in ~ fresh waters where highly resolved, integrative depositional records
size (long axes 160 ) to the two Epithemiaspecies we studied have accumulated: at river mouths, in reservoirs or off-channel
(SI Method$ (31). If diatom cells or frustules in this size range lakes, or within depositional subbasins. These records would ex-
traveled rapidly (within hours or days) offshore from the Eel pand the spatial and temporal scales of inferences linking food
mouth with the wash load (finest sediment visible in surface cur- webs to environmental change, enhancing our understanding of
rents) during high river discharges (30), then sank (with no tur- how freshwater webs may respond to future changes in climate,
bulent displacement) 130 m to the sea floor at site L10C3 in land cover, biota, and other factors affecting riverine runoff
thalweg at the head of the Shemp canyon, frustules would arrive on and conditions.

the canyon floor (130 m deep) 16217 d after their export from the Finally, the development of a paleoproductivity proxy using
river, permitting deposition within the year following summer  freshwater diatoms recovered from marine sediments provides a
production of these diatom cells or frustules. The confirmed quantitative tool for measuring the transfer of riverine biota, nu-
presence of'Be in Eel Canyon sediments supports a rapid (sub- trients, and organic matter into marine ecosystems. In rivers that
annual) deposition of Eel River sediments (2623, 29). If fresh-  do not retain their sediments for longer than 1y (e.g., small steep
water diatoms aggregated with mine phytoplankton or detritus,  rivers in tectonic settings along colliding continental margins),
they would sink more rapidly (32, 33). We have little information, - marine records may contribute to our understanding of interannual

however, on the degree to which diatoms or frustules might be yariation in the interactions of climate with freshwater and marine
resuspended or dlsplac_ed by currents, smaller _scale tL_erngnce, Ofproductivity (13, 38-40).

even zooplankton feeding or other food-web interactions in the

coastal ocean. All of these events suld complicate the trajectories  AckNOWLEDGMENTSWe thank Paula Furey for methodological instruction;
and fates of freshwater diatom cells or frustules on their journey collin Bode for help with figure preparation; Inez Fung, Anthony Barnosky, and
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