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BRIDGES
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Abstract. The literature regarding freshwater and marine exchanges of organic matter (OM) focuses
predominantly on the unidirectional delivery of allochthonous and autochthonous material from
freshwater to the marine environment. Another ecologically significant exchange occurs when
anadromous organisms move into coastal and interior watersheds and bring marine-accrued OM and
its incorporated marine-derived nutrients (MDN). We use the example of Pacific salmon streams to discuss
bidirectional transfers of OM in the upstream and downstream directions with specific reference to the role
of flocculation. A fish-floc feedback loop has recently been presented as a mechanism that allows transfer
of salmon OM to the gravel-bed matrix in the form of flocs. In the proposed fish-floc feedback loop, the OM
source is salmon, but the OM source will change with fish species. Once fish-based flocs enter the gravel
bed they can be stored or used by benthic organisms. A salmon disturbance regime that includes
redistribution of gravel, fine sediment, and biofilm during redd construction and release of salmon OM to
the stream is integral to the fish-floc feedback loop because it provides the inorganic fine sediment and OM
required for floc formation. The MDN subsidy provided by returning salmon is important for natal
watershed functioning as illustrated by a conceptual OM feedback loop that links these freshwater and
marine exchanges. Retention of floc-bound OM in the gravel bed afforded by settling flocs allows slower
downstream transfer of nutrients en route to the ocean and a correspondingly increased period for uptake
in food webs downstream.

Key words: organic matter, marine derived nutrients, salmon, flocculation, sediment transport, biofilms,
ecosystem linkages.

Freshwater and Marine Organic Matter Linkages

Organic matter (OM) transport and particle trans-
formation dynamics in freshwater systems are typical-
ly discussed as processes that proceed unidirectionally
with stream flow. Energy and OM inputs and their

storage and use by stream biota are largely regulated
by the downstream flow of water (Vannote et al. 1980).
OM sources include autochthonous material generated
within the stream, such as periphyton, and allochtho-
nous material generated outside the stream, such as
leaf litter and terrestrial invertebrates from the riparian
zone (Bilby and Bisson 1992). Allochthonous OM



fish species, such as Pacific salmon (Oncorhynchus
spp.), alewives (Alosa pseudoharengus), and Atlantic
salmon (Salmo salar) link marine and freshwater





Furthermore, Blais et al. (2007) stressed that biovectors,
such as migratory salmon and sea birds, can focus the
delivery of toxins accumulated at sea to discrete
locations during their migration. This targeted delivery
can have significant environmental implications even
though the quantity delivered is small in comparison
to contaminants delivered by physical processes, such
as oceanic currents or wind. Once these contaminants
are in-stream, flocculation will play a significant role in
their transport and retention because flocs are prom-
inent sites of contaminant adsorption and transforma-
tion (Droppo et al. 1997).

Pathways and Implications of Downstream
Transfers of MDN

The temporal overlap of sediment disturbance (via
redd construction) and stream fertilization (via

carcass decay) from salmon yields a disturbance
regime (Moore and Schindler 2008) that structures
the biological ability of a stream to process salmon
nutrients (Fig. 1). Rex and Petticrew (2008) observed
delivery and retention of MDN to and within the
gravel bed in a flume study that simulated the
conditions of this temporal overlap of bed disturbance
and stream fertilization, here termed the salmon
disturbance regime (Albers 2010). Flocs formed in the
water column in the presence of salmon OM and fine
suspended inorganic sediment concentrations that
were similar to those of a field-monitored salmon
disturbance regime (McConnachie and Petticrew
2006). Once formed, flocs settled on the flume’s gravel
bed within 30 m of the site of formation and enriched
it with bound MDNs. An elevated N signal was
observed in the gravels 7–14 d after floc sequestration
to the bed (Rex and Petticrew 2010). This delivery

FIG. 1. The bidirectional transfer of nutrients from freshwater to marine systems using the example of Pacific salmon. Factors
influencing downstream transport of organic matter (OM) are presented as a series of feedback loops structured by the salmon life



process was termed the salmon-floc feedback loop
because it relies on the return of adult salmon,
subsequent redd construction related to the suspen-
sion of fine sediment, and carcass decay products to
generate flocs, which are then stored in the gravels
(Fig. 1) (Rex and Petticrew 2008). Arkinstall (2005)
concluded from results of a laboratory study that
OM from salmon decay generated significantly
larger flocs and more floc biomass than equivalent
amounts of OM from allochthonous stream samples.
These results indicate that salmon OM is of higher
quality for floc generation and thereby suggests that
the salmon-floc feedback loop is the dominant
mechanism for transfer of high-quality OM to the
stream bed.

Epilithic biofilms can influence the effectiveness of



consider both upstream-freshwater and open-ocean
processes and their linkages. However, investiga-
tions of these transfers have been focused most often
on interactions at the marine–freshwater interface in
the estuarine environment, thereby spatially limiting
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