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Abstract

We assessed fish use of three main areas (east, west, and impounded west sections) of the Elwha
River estuary using standard beach seining techniques from March-September 2007. Species
diversity, richness, and evenness were all highest in the connected section of the west estuary,
which constitutes only 20% of the total Elwha estuary. Further, over 60% of total fish, 90% of
salmonids, and 94% of juvenile Chinook salmon were collected from the connected west estuary.
Species diversity and richness of the Elwha east estuary and impounded west estuary were very
similar for months both were sampled. Juvenile salmon were the same size in the east and west
connected estuary. We theorize that sediment processes closed off fish access to the majority of
the east estuary. We hypothesize that migrating juvenile salmon responded to this closure by
using the small proportion of west estuary left to them. These results indicate that: 1. Fish use of
the Elwha estuary is complex and even fragments of connected estuary are critically important
for migrating salmon; 2. Sediment processes in the Elwha estuary are dynamic, and; 3.Juvenile
salmon appear to be able to respond to dynamic sediment environment. Projecting these
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conclusions to the upcoming dam removal project lead us to recommend that increasing habitat
options available for juvenile salmon in the Elwha estuary is a top priority for nearshore
restoration This includes, at a minimum, modification of the west levee currently impounding
portions of the west estuary to provide, at a minimum, fish passage, and optimally to provide at
least partial ecosystem recovery. More detailed monitoring of fish migration in the Elwha
estuary, including radio tracking of fish to better define fish use of this complex and dynamic

estuarine habitat, is warranted and strongly recommended.
Introduction

The Elwha estuary, which connects the Elwha watershed with the Strait of Juan de Fuca, is
critical habitat to a number of federally listed species and a complex, though not well
understood, ecosystem. It includes approximately 88 acres of estuarine habitat that may be split
into three sections: 1. The east estuary, located east of the river mouth and which includes
approximately 63 acres (71 % of the total estuary) that are bordered to the east and south by
rock dikes; 2. The west estuary, located on the west side of the river mouth, which in total is
approximately 22 acres (29% of the total Elwha estuary) and includes approximately 18 acres of
habitat that is bordered to the west by a earthen levee and connected directly to the west river
mouth (19% of the total estuary), and; 3. The impounded west estuary which includes 9 acres
(10% of total estuary) of impounded estuary, that is immediately west of, and separated from the
rest of the west estuary by an earthen and rock dike along the west river channel. This west
levee creates a total fish barrier between the river and the 9 acres of impounded estuary (Figure
1).

The Elwha estuary is limited by approximately 100 years of sediment starvation due to two
dams installed in the watershed. The sediment starvation has resulted in loss of estuarine side
channel habitat (Pess et al 2008). Dikes along the east and west estuary have also resulted in

truncated and disconnected estuary.

The Elwha watershed will undergo a large scale restoration event with the removal of two large

hydroelectric dams. Dam removal is slated to begin in 2012. Dam removal will result in the
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transport of approximately 10 million cubic yards of material from the upper river to be to the
nearshore, including the Elwha estuary, within five years of dam removal (Randal et al 2004).
Given the critical importance of estuarine systems for juvenile fish survival (Beamer et al 2003,
2005, Fresh et al 2006), understanding how the Elwha estuary functions is central to defining
additional restoration necessary to achieve full ecosystem recovery (Shaffer et al 2008). The
WDFW and LEKT, with numerous partners, have been monitoring the Elwha estuary for
habitat function. This report summarizes findings of a one year study defining fish use of the
Elwha estuary. Based on these observations we provide restoration and monitoring
recommendations necessary to achieve the goal of understanding and promoting ecosystem
function within the Elwha estuary.

Methods and Materials

The east, west, and impounded areas of the Elwha etuary, as well as the eastern shoreline of
Freshwater Bay, were sampled using beach seines during the salmon outmigration period
(March-September) 2007. The shoreline of Freshwater Bay was seined as well. Results of the

Freshwater Bay sampling are provided in the companion shoreline report.

Large and small Puget Sound Protocol nets were used in the west estuary. Large PSP seine net
was used in the east estuary. A total of 4-6 seines were conducted across three stations of the
east estuary every other week. A total of 1-2 seines were conducted along the west estuary
weekly. Two seines were conducted in the impounded estuary weekly. Large accumulations of
green sea weed in the impounded estuary made the area unworkable. The impounded portion of

the west estuary was therefore sampled only March-June.
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Figure 1. Sample locations east and west Elwha estuary with acreages. Asterisk indicates
sample site.
Results

A total of 118 seines were conducted from March-September 2007 (Tablel). Combining
seining results from summer 2007 revealed a number of differences in fish use within the

Elwha estuary. Species composition, diversity, and richness varied by each area (Figure 2-5).

Table 1. Seining summary Elwha estuary 2007. *=seining study lead by LEKT.

Date Number of
Seines by Site
East* West Impounded Total
estuary
March 10 2 2 14
April 12 6 6 24
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May 15 6 10 31

June 8 6 na 14

July 10 8 na 18

August 4 5 na 9

Sept 4 4 na 8

Figure 2. Percent composition, by species, in each of the three sections of the Elwha

estuary.
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Figure 3. Total number of fish collected at each of the three sections of Elwha estuary March-

September 2007, by month (Impounded area sampled March-June).
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Figure 4. Shannon Weiner Diversity, Elwha estuary
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Figure 5. Evenness, Elwha estuary.

In total 47% of the fish were collected in 20% of the Elwha estuary (the west estuary). In
addition, over 90 percent of combined juvenile salmonids and 94% of juvenile Chinook salmon
were collected in the west estuary (Table 2). Densities of Chinook, coho, and chum salmon
densities were all much higher in the west estuary than other areas of the Elwha estuary Figure
6-8). Fish size was similar across the estuary (Figure 9-13). Average juvenile Chinook size
increased with time (Figure 14). Average coho size, on the other hand, initially increased and

then decreased across the sampling season.

Table 2. Salmonid abundance summary Elwha estuary

East Connected west Impounded west
estuary estuary estuary

Total
salmon Number 250 2527 3
Percent 9 91 0
Chinook  Number 130 1942 1
Percent 6 94 0
Coho Number 37 335 0
Percent 10 90 0

Chum
Number 37 180 0

12/02/08
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Percent 17 83 0 10
Cutthroat Number 2 65 0 67
Percent 3 97 0 2
Steelhead Number 44 5 1 50
Percent 88 10 2 2
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Elwha east estuary Chinook density
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Figure 6. Chinook density, east estuary
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Figure 7. Chinook density, west estuary
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Elwha east estuary Coho density
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Figure 8. Coho density east estuary.
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Elwha west estuary Chum density

o 250

8 _

< 200 -

3

2 150 1 4 Chum
'_(6) 100 14 Fish/CubicMeter*1000
= L 2

O

= 50 - *

0

T i‘é‘ Ioonn“m .

9-Mar-07 28-Apr- 17-Jun- 6-Aug-07 25-Sep-
07 07 07

Date

Figure 10. Chum density west estuary
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Figure 11. Chum density east estuary
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Elwha west estuary Coho fork length, mm
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Figure 12. Coho fork length,.west estuary
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Chinook length, Elwha estuary 2007

180.00

160.00 -

140.00 -

120.00
o

100.00 -

+’ + € west estuary
? f M east estuary

80.00 H

Hﬁ*

400 1 W B

Average fork length, mm

20.00 -

0.00 —& T T L
18-Jan-07  9-Mar-07  28-Apr-07 17-Jun-07 6-Aug-07 25-Sep-07

Date

Figure 14. Chinook length Elwha estuary.

Discussion

Based on life history strategies published by Fresh 2006 and others, Chinook use of the Elwha
estuary appears to be bimodal with delta fry migrates moving into the Elwha estuary in March
and April, and parr migrants appearing in June. (see Beamer et al 2004). Chum use of the
Elwha estuary begins in March and abruptly dropped off in June. This use is similar to chum use
documented in other Puget Sound systems, where juvenile chum use the nearshore widely
during outmigration (Fresh 2006; Brennan et al.2004). The abrupt decrease in chum densities
in June is also consistent with life history of chum in other areas of Puget Sound and indicates
that these fish are moving off to more neritic environments. (Fresh 2006).
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Fish use of the Elwha estuary is complex and appears to be dictated by environmental factors. In
this study we observed high fish use in a small area of the estuary that is bordered by a 40 plus
year old dike that creates a total barrier to fish passage. The high total fish numbers in the
impounded portion of the west estuary indicates that the impounded area is productive fish
habitat provided fish can get to it. The low diversity and high evenness of the impounded
portion of the west estuary, particularly compared to that of the connected west estuary just feet
away, indicate that the structure is a significant limiting factor to the habitat function of the

estuary.

The relative observations of the highest abundance of salmon and highest species diversity in
the small west estuary are also intriguing. We’ve attributed the relative low use of the large east
estuary to a sediment lens that is said to have formed off the entrance to the east estuary early in
2007 and persisted until late fall 2007/early winter 2008. One assumption is that, with the
blockage of the east estuary entrance, the fish switched from the east to the west side of the river
and used the only fragment of habitat left to them. This is based on the much lower fish numbers

observed in the east estuary in 2007 compared to 2006 (Beirne, LEKT, unpublished data).

Alternatively, fish use of the Elwha west estuary may always be this high-and who knows what
happened to the fish that would have used the east estuary in 2007. Another possibility is that
there was some blockage at the connection of the west estuary to the main river, and that fish
observed in the west estuary were simply resampled through the season, resulting in artificially
inflated fish abundance observations for the west estuary. There are several observations to
counter this theory. In particular: 1. If the fish numbers observed in the west estuary were a
result of resampling we would have expected to see the same trends in total fish numbers on
both sides of the estuary (since both were to be closed off). Instead we saw different trends in
fish numbers on the east and west estuary. Only the numbers between the impounded west
estuary (for the months sampled) and east estuary were similar-in fact almost identical-
indicating that the east estuary and west impounded estuary function were driven by similar

forces (blocking) and that those forces were different from those operating on the west
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connected estuary. Also, chum abundances increased steadily in the west estuary (but not the
east estuary) indicating that the west estuary had regular fish access while the east estuary did

not.

Sediment limitation has played a dominant role in Elwha lower river and nearshore habitat.
Unconstrained, low gradient channel reaches in the lower Elwha River historically contained
extensive side channels (Pess et al. 2008) and estuarine slack water habitats with suitable
substrate for critical fish use including eulachon spawning. Truncation of sediment transport to
the lower river, along with channelization, and the systematic removal of large woody debris
(LWD), has caused channel incision and an increase in bed substrate size (Pohl 2004).
Nearshore effects of this disruption likely include a significant reduction in side channel habitat

and a reduction in suitable eulachon spawning habitat (Shaffer et al 2007).

Environmental factors have also been documented to dictate Chinook survival (Greene et al
2005). More specifically, sedimentation has been documented to define fish behavior and
abundance in northwest estuaries. Gregory and Levings (1997) found sediment associated

turbidity defined predation success by juvenile Chinook in the Fraser river.

Understanding current and future hydrodynamics in the lower Elwha river as well as a detailed
understanding of fish movement in the lower river are therefore central to understanding
estuarine habitat function during and after dam removal. In general we know that the sediment
processes in the lower river are dynamic, and will continue to be so with dam removals (Randal
et al 2004). In a longer horizon we need a more detailed model predicting upcoming sediment
response in the estuary, as well as a detailed understanding of fish response. Combined, this
information will allow us to define how, if at all, we expect to manage for sediment during the

restoration process.
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The fish use observed in 2007 may indicate that juvenile salmonids can respond fairly quickly to
a dynamic sediment landscape. If this is correct, providing the fish the most options is the best
alternative. The most obvious opportunity for providing more habitat is to provide fish access to
the impounded west estuary currently blocked by the existing west levee. The dike, which is
privately co-owned, is currently scheduled to be modified in place soley to provide current level
of flood protection post dam removal-with no provision for fish passage. Clallam County is
leading a SRFB funded project to provide fish passage in this structure. Clearly the Elwh
nearshore is important habitat for fish, including federally listed salmonids. Detailed longer term
monitoring of fish movement in the estuary as well as specific sediment mapping in the
nearshore are warranted to define additional actions that might be appropriate for the Elwha

nearshore.
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