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A. INTRODUCTION

Approx. Center of Site: 44 37' N, 124 O1' W
Oregon Natural Heritage Program Hexagon: 27,176
Location: portions of Township 115, Range 11W
Area Studied: ?
Habitat(s) Studied: Estuary
Elevation: intertidal
Minimum Distance to Coastline: 0 mi (0 km).

The purpose of this paper is to document aspects of macrophyton
biology and tides at Yaquina Estuary that have not been reported elsewhere.
This material can be useful in understanding Black Brant (Branta bernicla
nigricans) presence at Yaquina Estuary (Bayer 1996, Wetzel 1996) as well as
aspects of the biology of other species of waterbirds at the Yaquina (e.g.,
Bayer 1983).

Yaquina Estuary is located along the Oregon central coast and has an
intertidal and submerged area of 3,910 acres (15.8 sq. km)(Oregon State
Land Board 1973). All tidal heights in this paper are relative to Mean
Lower Low Water (MLLW)(0.0 ft). Mean Higher High Water is +8.4 ft
(+2.6 m), Mean High Water (MHW) is +7.6 ft (+2.3 m), Mean Tide Level is
+4.6 ft (+1.4 m), and Mean Low Water (MLW) is +1.5 ft (+0.5 m)(Oregon State
Land Board 1973). General characteristics of Yaquina Estuary are in
Shirzad et al. (1988:4.18).
***************************************************************************
B. ZOSTERA JAPONICA

B-1. INTRODUCTION

During my 1974-1975 study of eelgrass (Zostera marina), I did not see
any Z. japonica in any of my transects (see map of transects in
Bayer 1979b:148), but it may have occurred elsewhere.

In August 1976, I learned that Z. japonica might be present, and in
September 1976, Ronald C. Phillips identified specimens I sent him from
Yaquina Estuary as Z. noltii. Subsequently, it has been determined that
noltii-like eelgrass in the Pacific Northwest is actually Z. japonica
(Bigley and Barreca 1982). Since 1976, Z. japonica has been found as far
south as Coos Bay (Harrison and Bigley 1982) and has also been noted in
Netarts Bay (Gallagher et al. 1984).

This second species of eelgrass can be distinguished from Z. marina by
morphological characteristics given in Bigley and Barreca (1982), by much
shorter shoot length, much narrower blade width, and much greater shoot
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densities. Additionally, it usually occurs higher in the intertidal than
Z. marina (Harrison 1982b, Thom 1990, Baldwin and Lovvorn 1994,
Bulthuis 1995).

Z. japonica growth or presence in the Pacific Northwest is examined in
several papers, including: Bigley and Barreca (1982), Harrison (1982a,b),
Harrison and Bigley (1982), Gallagher et al. (1984), Thom (1990), Baldwin
and Lovvorn (1994), and Bulthuis (1995).

B-2. METHODS

I intermittently checked for Z. japonica at Idaho Flats and parts of
the northern shore of Yaquina Estuary in the summer of 1976, during
1977-1978, and in June 1985.

Shoot densities, the proportion of reproductive shoots, and aerial
standing stocks were measured in September 1977 (Table 1). Standing stock
was measured for square 0.1 sq meter plots by clipping plants at substrate
level, and then washing and drying the clippings at 70 C until a constant
dry weight was maintained.

I estimated elevation relative to MLLW as in Bayer (1979b:147) using
the tide height gauge at the Oregon State University (OSU) Hatfield Marine
Science Center (HMSC).

B-3. RESULTS

In 1976 and during later observations, I found Z. japonica at
Sallys Bend, Idaho Flats, and up the estuary to at least Boone Slough
(Fig. 1), but, in April 1978, Z. japonica was still not present on any of
my Z. marina transects.

In the late 1970's, the intertidal range of Z. japonica was from about
+1.3 ft (+0.4 m) to about +6 ft (+1.8 m) with some growing in the lower
salt marsh; most shoots were growing at +3.9 ft (+1.2 m) or higher.
Patches of Z. japonica persisted throughout the year and were not seasonal
like Z. marina shoots above MLW (Bayer 1979b).

Shoots of Z. japonica grew in patches or in horizontal strips parallel
to the shoreline. In September 1977, the longest strips were 219 m long
along the north shore of Sallys Bend and 110 m long along the south shore
of Idaho Flats; the greatest width of a strip was 34 m; however, most
patches or horizontal strips were less than 10 m wide. But Z. japonica
coverage had increased by June 1985 at Sallys Bend, where its extent was
much more extensive and in places Z. japonica formed an almost continuous
bed along the north shore, well above MLW.

At four 0.1 sq m plots of 100% substrate coverage in September 1977,
the average shoot density was 292 shoots, and the average aerial standing
stock was 7.2 g (Table 1). At these plots, the proportion of reproductive
shoots averaged 7.3% (Table 1), so most shoots of Z. japonica, like
Z. marina below MLLW (Bayer 1979b), were vegetative. For a sample of
100 shoots in September 1977 at Plot A in Table 1, the average shoot length
from the substrate to the tip of the longest blade was 0.22 m (SD=0.06,
range 0.06-0.35 m), there was an average of 2.6 blades per shoot
(SD=0.6, range 1-4), and the maximum blade width was 0.2 cm.

B-4. DISCUSSION

The growth forms of Z. marina and Z. japonica are quite different
(Table 2). The persistence of Z. japonica (but not Z. marina) shoots
throughout the year above MLW may result because Z. japonica shoots are not
as susceptible to uprooting from wave action or waterfowl grazing as are
the much larger Z. marina shoots. However, in Washington, Thom (1990)
found that shoot density was significantly less in winter than summer.

During the 1980's, I did not see waterfowl grazing on Z. japonica, but
during the 1995/1996 winter, Brant may have been foraged on Z. japonica
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(Bayer 1996:731). Elsewhere, Brant have been observed feeding on
Z. japonica (Baldwin and Lovvorn 1994).

A third species of seagrass, Wigeon Grass (Ruppia maritima), is also
occasionally found in the upper intertidal at the Yaquina and is
superficially similar to Z. japonica. The blade widths (less than 0.2 cm)
of Ruppia are as narrow and its shoots as short (less than 0.2 m) as
Z. japonica, but I found that Ruppia shoots at the south end of Idaho Flats
(which was the only place I found Ruppia at embayments in the late 1970's)
were not as dense (less than 50 shoots/0.l sq m) than Z. japonica
(Table 1). The growth of Ruppia in the Pacific Northwest is discussed in
Harrison (1982a) and Bulthuis (1995).

When Z. japonica first arrived at Yaquina Estuary is unknown, but it
was probably before 1976 when I first discovered it. Z. japonica is
thought to have been introduced along with oysters from Japan (Bigley and
Barreca 1982, Baldwin and Lovvorn 1994).

At the Yaquina, Z. japonica appears to have increased greatly between
1976 and 1985; in British Columbia, it appears to have increased its
coverage by 17 fold between 1970 and 1991 (Baldwin and Lovvorn 1994).

C. INTERTIDAL MACROPHYTON

C-1. INTRODUCTION

Here, I examine aspects of the growth of various macroalgae and
Z. marina. Macroalgae can cover more of the intertidal and have greater
standing stocks than Z. marina, and several papers have examined the
significance of green macroalgae in estuaries of the Pacific Northwest
(Davis 1982, Pregnall and Rudy 1985, Hodder 1986, Bulthuis 1995).

Published accounts of macrophyton at Yaquina Estuary include Kjeldsen
(1967), Thum (1972:109-110), Bayer (1979b), and Davis (1982).

C-2. METHODS

Tidal elevations were estimated at various stations as in Bayer
(1979b); tidal variables are also examined in section D.

Algae were usually not identified to species; Kjeldsen (1967) gives a
key for doing so at the Yaquina Estuary, and Stout (1976:34) gives a
species list for Netarts Bay. I lumped all green algae in the Ulvaceae and
Cladophoraceae together, although most of the green algae were probably
either Enteromorpha or Ulva.

Coverage classes for green algae in Table 3 were visually estimated in
1974-1975 for square 0.1 sq m plots at Idaho Flats and Sally's Bend
transects shown in Bayer (1979b:148). At each transect there were five or
more stations at different tidal elevations; at each station the coverage
class was visually estimated for five plots. Coverage classes were: 0=0%,
1=1-24%, 2=25-49%, 3=50-74%, 4=75-99%, 5=100%.

Standing stocks in Table 4 were calculated for square 0.1 sq meter
plots at five stations at Transect A near the HMSC (see location and other
data for this transect in Bayer 1979b:148-149) on 3 September 1975; there
were five plots per station. Standing stocks were measured by clipping
plants at the substrate level, washing the plants, and then drying the
clippings at 70 C until a constant dry weight was maintained.

Other observations of algae characteristics were made incidentally
during my study of Z. marina (Bayer 1979b) and during 1976-1983.

C-3. RESULTS AND DISCUSSION

FUCUS.--This taxon was not included in Tables 3 or 4 because it was
not growing in those areas. Fucus sp. is a brown algae that is usually
attached to rocks, logs, or other solid objects, but it can grow unattached
in gentle sloping pools in salt marsh creeks. For example, I found this
algae growing unattached on a sand substrate among salt marsh plants at
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south Idaho Flats at an elevation of +6.4 ft (+2.0 m) in 1977.
At embayments in 1977, I found scattered fronds of Fucus attached to a

rock at -0.3 ft (-0.1 m), but this taxon is most commonly found above
+3.2 ft (+1.0 m). Thus, Fucus grows above the primary Z. marina and
green algae zones. Most fronds are shorter than 0.6 ft (0.2 m), but I have
found some as long as 1.0 ft (0.3 m).

In September 1977 at the eastern edge of Sally's Bend, I measured the
standing stock of Fucus sp. at five square 0.1 sq m plots with 100%
substrate coverage at a tidal elevation of +3.2-4.8 ft (+1.0-1.5 m). The
average standing stock was 65.3 g/0.1 sq m (range 36-97 g/0.1 sq m).

GRACILARIA VERRUCOSA.--This species of red algae can be found among
Z. marina shoots below MLLW. It also extends up the intertidal to the
lower edge of the salt marsh; it seems to be most common above MLW. In
1978, I noted that it grew on mud and appeared to be most abundant in
winter and early spring, when I found mats as long as 4.9 ft (1.5 m).

For three plots with 100% coverage of this algae on 28 March 1978, I
found an average standing stock of 31.6 g/0.1 sq m (range 23.6-39.2).

GREEN ALGAE.--Because of the high degree of coverage and the high
standing stocks above MLLW (Tables 3 and 4), green algae (mostly
Enteromorpha and Ulva) are important at intertidal embayments. At the
Yaquina, Davis (1982:96) also found that green algae (primarily
Enteromorpha and Ulva) had high growth rates during summer.

The distribution of green algae sometimes appears to be limited by a
lack of a suitable substrate, since I observed in the 1970's that green
algae were often attached to the wooden stakes of my 1974-1975 transects
but were absent from the adjacent mud. I also noted that green algae often
became established in the holes left by clamdiggers in the mudflats.

During summers in the mid-1970's, green algae mats that appeared to be
free-floating were present, but upon closer observation, most of these mats
were found to be attached at one end. For example, after once attaching,
Enteromorpha filaments can become intertwined during tidal action, and the
filaments can then form a substrate for attachment for other algae. As a
result, Enteromorpha "ropes" can be formed. These "ropes" can be quite
large as I found one on 21 July 1975 that was 72 ft (22 m) long with a base
1.6 ft (0.5 m) wide and a total dried weight of 482 g; 86% of the dry
weight was in the basal 26 ft (8 m) of this "rope."

These "ropes" and other green algae mats were regular features
(especially at Idaho Flats) during the summer in the 1970's and were large
enough to retain water even at low tide, so that the surface of the mudflat
became anaerobic with a hydrogen sulfide smell. At a bay in Washington,
Bulthuis (1995:103) found similar mats.

Above +1.0 ft, green algae did not reach an average of 25% coverage
(Class 2) until July in 1974, but at MLLW to +0.9 ft, coverage averaged
greater than 25% in June (Table 3). Peak coverage of green algae occurred
in September or October for all tidal elevations except the 0.0-0.9 ft
class, where the peak was in July (Table 3). Green macroalgae mostly
disappeared by December, although a little remained at some stations
between MLLW and +0.9 ft during the winter (Table 3).

Each month in 1974, coverage of green algae was usually greater at an
elevation of MLLW to +2.9 ft than above or below these elevations
(Table 3). But coverage is not just a function of tide elevation because
there was much variation in coverage at each elevation class (Table 3).

In September 1975, the greatest standing stock of green algae was at a
+1.7 ft station (which is about MLW), but the maximum standing stock of
Z. marina was below MLLW (Table 4). In contrast, Pregnall. and Rudy (1985)
found that green algae standing stocks were greater at +3.0 and +3.9 ft
elevations than at lower tidal elevations at Coos Bay, although standing
stocks of green algae at the Yaquina (Table 4) were very similar to those
measured at Coos Bay (Pregnall and Rudy 1985). Pregnall and Rudy (1985)
noted that peak standing stocks of green algae were in August of 1981 and
1982; this contrasts with the peak coverage in September or October that I
found at most stations in 1974 (Table 3).
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In September 1975, green algae had greater peak standing stocks than
Z. marina (Table 4).

Some green algae drifted up on the salt marsh and may have killed some
salt marsh plants by covering them, but I did not determine if drifting
algae may have killed seagrass, although this has been found elsewhere
(Kentula 1983:86, 89; Kentula and McIntire 1986, Bulthuis 1995:103).

Z. MARINA.--Maps of eelgrass beds at Yaquina Estuary are in Gaumer et
al. (1974:30), ODFW (1978), and Wetzel (1996); perhaps the original ODFW
surveys used in making their maps or the apparently unpublished ODFW
1973/1974 eelgrass survey map photocopied in Wetzel's original report
exist in ODFW files. For the Pacific Northwest, Phillips (1984) reviews
aspects of Z. marina ecology, and eelgrass may have declined because of
human activities (Phillips 1984:61-62, Wilson and Atkinson 1995).

Some characteristics of Z. marina have been examined in Bayer
(1979b). There are three intertidal "zones" of this eelgrass at the
Yaquina. The lower intertidal zone below MLLW is characterized by shoots
from rhizomes, mainly vegetative shoots, and an eelgrass bed that persisted
throughout the year. The upper intertidal zone above MLW typically had
annual growth from seeds, mainly reproductive shoots, and an absence of
shoots in the winter. The transition zone between MLLW and MLW could have
eelgrass typical of the other two zones.

The upper extent of vegetative Z. marina shoots may sometimes be
determined by waterbirds because tide action results in shoots growing at
higher elevations being more available to birds. For example, I found
persistent eelgrass beds with vegetative eelgrass above MLW at the south
end of King Slough in 1975 where a pool was created by a culvert, just east
of River Bend at about +3.0 ft in 1976 (Bayer 1979b:150, site P), at Boone
Slough where Z. marina vegetative shoots were mixed with Z. japonica shoots
at +1.6 ft in September 1977, and at about +4.0 ft near Criteser's Moorage
in December 1977; but I never saw Brant at any of these locations.

Additionally, when herring spawn and leave their eggs attached to
Z. marina growing at embayments (which sometimes happens in spring), then
not only Brant and herbivorous waterfowl feed on Z. marina shoots, but also
gulls, scoters, scaups, and other diving birds (Bayer 1979b:153,
1980a:197-198).

In September 1975, Z. marina standing stocks were greatest below MLLW
(Table 4). The similarity between standing stocks at Yaquina Estuary and
Netarts Bay is surprising because the densities at these two estuaries were
so radically different and Netarts eelgrass was growing much higher in the
intertidal (Table 5). Perhaps, the differences in the growth forms
of eelgrass at Netarts Bay and Yaquina Estuary result mainly because the
eelgrass studied at Netarts by Kentula (1983:26-27) was growing in a large
upper intertidal "tidepool" that has different characteristics than
would mudflats with better drainage at the same elevation.

Stanley G. Jewett found an Z. marina die-off at Netarts Bay in
September 1940 and discovered that Z. marina at Yaquina Bay may have been
affected by eelgrass wasting disease in April 1941 (Moffitt 1941:223,
Moffitt and Cottam 1941:12).

Papers about fish associated with persistent eelgrass at the Yaquina
include Bayer (1979a, 1980b,c; 1981, 1985).

Z. JAPONICA AND RUPPIA MARITIMA.--These small. species of seagrass are
discussed in section B-4.

STANDING STOCKS IN GENERAL.--Thum (1972:109-110) also measured
macrophyte standing stocks at the Yaquina at different tidal elevations,
but he pooled Z. marina and green algae together. There appears to be
a conversion error in his data, since his data indicate a maximum standing
stock of 100 g/30 sq cm, which is equivalent to an unreasonable
33,333 g/sq m. In contrast to my results (Table 4), he found the greatest
standing stocks at -2.0 ft below MLLW, with standing stocks generally
decreasing at higher tidal elevations.

Tidal elevation is only one of several factors influencing macrophyte
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standing stocks because even at Yaquina Estuary standing stocks varied
markedly at the same elevation (Table 4) or the elevation with the greatest
standing stocks differed between years (Thum 1972:110).

Since standing stock only represents the actual biomass present at a
point in time and algae and eelgrass can often lose leaves during the
growing season (Davis 1982, Kentula 1983, Kentula and McIntire 1986),
standing stocks given in Table 5 are only minimum estimates of total plant
production per year.

Standing stocks for a site are also additive for all constituent
plants. Phytoplankton and microalgae occur among or over the macrophyton,
and there is much overlap in where various macrophyte taxa grow, even
though each may primarily occupy a specific zone.

Eilers (1975) suggested that Oregon salt marshes are much more
important for plant biomass production than the intertidal area below the
salt marshes. He (1975:328-330) therefore recommended that mudflats should
be filled with dredge spoils and then planted to salt marsh vegetation.
However, he based his conclusion that mudflat macrophyton was not very
productive on scant data, none of which was for Oregon. Davis (1982),
Davis and McIntire (1983), Kentula (1983), and Kentula and McIntire (1986)
have found that Oregon intertidal macroalgae, eelgrass, and microalgae can
be much more productive than previously thought; their data and those of
Gallagher et al. (1984) indicate that intertidal eelgrass and algae can
greatly contribute to total plant production. For example, Kentula
(1983:147), using methods much more sophisticated than simple standing
stocks, found that the annual net primary production of Z. marina (1,875 g
dry weight per sq m) at Netarts Bay was greater than Eilers (1975:305)
found for his salt marsh (1,388 g dry weight per sq m). Thus, filling the
mudflats to make salt marshes may not increase plant productivity.

D. TIDES AND SEICHES

D-1. INTRODUCTION

The literature review for this section was compiled in the early
1980's, so more recent references may have been missed.

Tidal information for Yaquina Estuary has been published in Swanson
(1965), Neal (1966), Gilbert (1967), Kjeldsen (1967), Goodwin et al.
(1970), Thum (1972), Johnson (1981), and Shirzad et al. (1988:4.18).
Tide heights have been measured for many years at the HMSC (Fig. 1), and
sea level measurements at the HMSC dock are in Pittock et al. (1982)
and Huyer and Smith (1985).

During periods of high freshwater inflow, the Yaquina is partly-mixed
with a salt-water wedge intrusion beneath partially-mixed fresh and salt
water as far as 12.4 mi (20 km) up the estuary (Johnson 1981). When there
is much less freshwater run-off during June-October, the estuary is
well-mixed (i.e., there is little salinity difference throughout the water
column)(Kulm and Byrne 1967, Johnson 1981).

The tide range (i.e., the difference in height between high and low
tides) increases from the Yaquina Estuary mouth upstream to Elk City
(Neal 1966, Goodwin et al. 1970).

Tide currents are most pronounced near the Yaquina Estuary mouth and
are approximately 90 degrees out of phase with tides (Neal 1966, Goodwin et
al. 1970). Slack water came no more than 30 min behind high or low tide,
but the maximum currents lagged mid-tide by as much as an hour (Neal 1966).

D-2. TIDE PREDICTIONS FOR THE HMSC

Tide heights have been measured at the HMSC sufficiently long to be
able to generally make good predictions about the time and height of tides
at the HMSC.

Times of predicted tides were generally within 25 min of the observed
high or low tides with predicted high tide times an average of 3 min and
predicted low tides an average of 10 min after observed tides (Table 6).

786



1996 J. Oregon Ornithology No. 6. Macrophyton & Tides at Yaquina Estuary

The vast majority of predicted tide heights at the time of high and
low tides were within 1.0 ft of the observed tide heights with predicted
high tides an average of 0.3 ft and predicted low tides an average of
0.1 ft less than the observed tide heights (Table 6).

Similarly, tidal predictions were relatively accurate near the mouth
of the Siuslaw estuary (Utt 1975, Bayer and Lowe 1988:3-4).

D-3. TIDE LAG PREDICTIONS FOR ELSEWHERE IN YAQUINA ESTUARY

Prediction of tides for the rest of the estuary is a bit more tenuous
because there have only been two published studies of tides upstream of the
HMSC (Neal 1966, Goodwin et al. 1970).

Perusal of the data of Goodwin et al. (1970) reveals that lag times
at low tide vary with the height of the low tide (Table 7). In general.,
the lower the low tide at the HMSC, the longer the lag time; this trend is
most apparent at the stations furthest upstream (Mill Creek and Elk City)
(Table 7). Lag times for low tides +2.0 ft or more in height were similar
to lag times for high tides at all stations except Elk City (Table 7).
Finally, it is significant to recognize that the lag time is not a
constant, since the maximum lag time can sometimes be several times longer
than the minimum lag time (Table 7).

NOAA (1985) gives time lags of high and low tides for Winant (Fig. 1)
and Toledo (Table 7). However, their predictions are 24-39 min and
37-43 min longer than those measured by Goodwin et al. (1970) at River Bend
(just downstream of Winant) or Toledo, respectively (Table 7).

In 1974-1975, I used a hand-made tide staff to roughly estimate times
of tides at Coquille Point, the south end of King Slough, just east of
Boone Point, and just upstream of Criteser's Moorage (see Fig. 1). I also
found that lag times were variable at a site and that the average low tide
lag times near Boone Point (14 min) and near Criteser's Moorage
(28 min)(Table 8) were much less than the predicted lag time of 45 min for
Winant (NOAA 1985), which was downstream of both sites (Fig. 1). However,
my tide staff only crudely estimated the time of a high or low tide because
tide height changes little near the time of a low or high tide, so
determining the exact time of a high or low tide was not possible.
Additionally, the HMSC tide data that I used to estimate the time of high
or low tides was measured to the nearest 0.1 hr (6 min), so there could be
an error of up to 3 min in the time of the low tide at the HMSC.

The reason for the inaccuracy of the NOAA predictions in lag times for
Winant and Toledo is unclear. Perhaps, NOAA predictions are based on very
old data before much dredging of the Yaquina channel occurred. In any
case, the reader is alerted that the predicted lag times for Toledo that
are given in tide tables available to the general public since at least
1980 may be inaccurate.

D-4. NONTIDAL SEICHES OR TIDAL BORES

Each month, 20-40 seiches may occur at Yaquina Estuary during varioustidal conditions; a seiche is a non-tidal wave oscillating in the estuary
(Gilbert 1967). Seiches at the Yaquina are usually only a few inches high
and can occur after local west winds, the passage of a high pressure front,
or barometric fluctuations (Gilbert 1967).

Several times I saw what may have been seiches or tidal bores in the
Yaquina channel adjacent to Sallys Bend, but they can be difficult to
distinguish from wave chop or boat wakes. The only two that I wrote down
occurred when there were no other wave-making factors on 2 August 1974 at
1011 PST and on 12 August 1974 at 0729 PST; they were 0.3 and 0.9 hr,
respectively after the time of low tide measured at the HMSC. I estimated
each to be about 1-2 in (2.5-5.1 cm) tall; both were eerie because they
appeared in the Yaquina channel when the water was flat and they looked
like boat wakes, although there were no boats that could have caused them.
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***************************************************************************
E. FIGURE AND TABLES

FIGURE 1. Yaquina Estuary.
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TABLE 1. Measurements of Z. japonica at Yaquina Estuary on
29 and 30 September 1977 at 0.1 sq m plots with 100% coverage of
Z. japonica. Boone Point is shown in Fig. 1; the site at Sallys Bend was
about midway along the north shore. Flowering Shoots=proportion of all
shoots that were flowering.
---------------------------------------------------------------------------

Z. japonica September 1977 ..........
Tide
Elevation

Density
(Shoots/

Standing
Stock

Flowering
Shoots

Plot Site (ft) (m) 0.1 sq m) (g/0.1 sq m) (%)

A Boone Point 1.3 0.4 183 4.2 7

B Sallys Bend 2.8 0.9 318 10.0 5
C Sallys Bend 2.8 0.9 472 10.5 11
D Boone Point 1.6 0.5 193 4.2 6

Mean 291.5 7.2 7.3
---------------------=-------------------------------------------------------------------------------------------------------------------------------
TABLE 2. Comparison of growth forms of two species of eelgrass at Yaquina
Estuary. Data for Z. marina are from Bayer (1979b).
---------------------------------------------------------------------------

Blade Maximum Usual Site Density Above MLW,
Width Veg. Shoot of Persist- (Shoots/ Reproduct.

(cm) Length (m) ent Beds 0.1 sq m) Shoots (%)
---------------------------------------------------------------------------
Z. marina 0.5-1.2 2.80* below MLLW less than 50 100**
Z. japonica 0.2 or less 0.35 above MLW 183-472 5-11

* One reproductive Z. marina shoot at Blind Slough was 4.0 m long; many
Z. marina vegetative shoots below MLW were 1 m or more long.

** Below MLLW, less than 10% of Z. marina shoots were reproductive.
---------------------------------------------------------------------------
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TABLE 3. Coverage class of green algae (Ulvacaea and Cladophoraceae) at
Idaho Flats and Sallys Bend in 1974-1975. Coverage class was visually
estimated as a portion of a square 0.1 sq m plot: 0=0%, 1=1-24%, 2=25-49%,
3=50-74%, 4=75-99%, 5=100%. Elevation is the height of stations relative
to MLLW; elevation was estimated by the methods outlined in Bayer
(1979b:147). N=number of plots, Rng=range in classes for all plots.
---------------------------------------------------------------------------
Elevation Coverage Class of Green Macroalgae in 1974 ....................
Class May ......... June ......... July ......... August .......

(ft) N Mean Rng N Mean Rng N Mean Rng N Mean Rng
---------------------------------------------------------------------------
+4 or more 5 0 0 10 0.2 0-1 10 1.0 0-2 10 1.3 0-5
+3.0-3.9 20 0 0 40 0.2 0-1 50 0.9 0-5 35 1.3 0-5
+2.0-2.9 0 - - 40 0.1 0-1 45 1.9 0-5 20 4.0 0-5
+1.0-1.9 10 0 0 60 0.5 0-2 50 3.3 0-5 25 3.5 0-5
0.0-0.9 40 1.2 0-3 75 2.4 0-5 75 3.7 0-5 60 3.3 0-5

-1.0-(-0.1) 0 - - 55 0.4 0-5 75 1.2 0-5 50 1.4 0-5
-2.0-(-1.1) 0 - - 55 0.3 0-1 55 1.5 0-5 40 1.8 0-5

Elevation Coverage Class of Green Macroalgae in 1974 ...................
Class September.... October ...... November..... December .....

(ft) N Mean Rng N Mean Rng N Mean Rng N Mean Rng

+4 or more 10 4.4 3-5 10 2.3 0-5 0 - - 0 - -
+3.0-3.9 50 1.5 0-5 25 4.0 0-5 10 0.3 0-1 25 0 0
+2.0-2.9 45 4.1 0-5 35 4.9 0-5 10 1.3 0-1 45 0 0
+1.0-1.9 55 3.7 0-5 35 3.9 0-5 25 3.0 0-5 55 0 0
0.0-0.9 80 3.2 0-5 20 2.6 0-5 20 2.2 0-5 35 0.1 0-1

-1.0-(-0.1) 30 2.5 0-5 15 1.7 0-5 30 1.4 0-5 40 0 0
-2.0-(-1.1) 0 - - 0 - - 50 1.2 0-5 30 0 0

Elevation Coverage Class of Green Macroalgae in 1975..
Class January ...... February ..... March ........

(ft) N Mean Rng N Mean Rng N Mean Rng

+4 or more 5 0 0 0 - - 0 - -
+3.0-3.9 30 0 0 0 - - 0 - -
+2.0-2.9 0 - - 0 - - 0 - -
+1.0-1.9 0 - - 0 - - 0 - -
0.0-0.9 45 0.2 0-1 20 0.2 0-1 5 0.2 0-1

-1.0-(-0.1) 0 - - 0 - - 0 - -
-2.0-(-1.1) 0 - - 0 - - 0 - -

TABLE 4. Mean dry weight (g/0.1 sq m) of Z. marina and of green
macroalgae (Ulvacaea and Cladophoraceae) for five samples at each of five
elevational stations at Transect A in Bayer (1979b) on 3 September 1975.
SD=Standard Deviation. All elevations are relative to MLLW.
---------------------------------------------------------------------------

September Standing Stock (dry g/0.1 sq m) ...........................
Elev- Green
ation Z. marina ............ Macroalgae ........... Total ................
(ft) Mean SD Range Mean SD Range Mean SD Range

+3.7 0 0 0 0 0 0 0 0 0
+2.7 0.6 0.9 0-1.8 0.3 0.7 0-1.4 0.9 1.3 0-3.2
+1.7 6.5 3.1 3.6-11.9 30.4 15.9 10.9-55.2 36.9 18.6 16.5-67.1
+0.5 5.4 4.7 0.8-12.7 6.5 3.1 2.8-10.8 12.1 5.6 3.6-17.0
-0.8 17.9 3.4 12.5-20.9 1.3 0.9 0.6-2.6 19.3 4.0 13.3-22.9
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---------------------------------------------------------------------------
TABLE 5. Comparison of Z. marina growth forms at Netarts Bay and Yaquina
Estuary. Netarts Bay data are from Kentula (1983:27, 52, 64, 81), although
Stout (1976) also gives some data for unspecified time heights measured at
unknown times. Yaquina Estuary data are from Bayer (1979b), Table 4, and
unpublished data.
---------------------------------------------------------------------------

July ................. September ...........
Av. Shoot % Shoots Av. Shoot Average

Tidal Density that are Density Standing
Elevation (Shoots/ Reprod- (Shoots/ Stock

Year (ft) sq m) uctive sq m) (g/sq m)
--------------------------------------------------------------------------
Netarts 1980 +3.6-4.6 1368-1400 6 or less 500-995 58-252

Yaquina 1974 +3.7 6 100 0 0
Yaquina 1974 +2.7 36 90 18 6
Yaquina 1974 +1.7 116 90 20 65
Yaquina 1974 +0.5 92 56 58 54
Yaquina 1974 -0.8 76 10 64 179
Yaquina 1974 -1.3 46 8 30 ?
Yaquina 1974 -3.3 48 ? ? ?---------------------------------------------------------------------------
---------------------------------------------------------------------------
TABLE 6. Differences between predicted and observed high and low
tides at the HMSC dock for some tides in 1982. I made these calculations
for tides on the first, fifth, and tenth day of each month in 1982.
---------------------------------------------------------------------------

Predicted-Observed Times .....................
25 min 35 min 45 min

No. of or less or less or less Mean Range
Tides (%) (%) ($) (min) (min)

--------------------------------------------------------------
High 70 96 99 100 +3 (-24)-36
Low 69 94 97 99 +10 (-18)-48

---------------------------------------------------------------------------
Predicted-Observed Heights ............
0.5 ft 1.0 ft

No. of or less or less Mean Range
Tides (%) (%) (ft) (ft)

-----------------------------------------------------------
High 70 73 90 -0.31 (-1.6)-0.8
Low 69 77 94 -0.13 (-1.4)-0.9---------------------------------------------------------------------------
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-------------------------------------------------------- ------------------
TABLE 7. Lag times of high and low tides calculated from the
4-25 July 1969 data measured by Goodwin et al. (1970). "Newport" data were
measured at the HMSC, River Bend data were measured at River Bend (Oneatta
Point), GP Dock data were measured at the Georgia-Pacific Dock just east of
Depoe Slough in Toledo, Mill Creek data were measured near where Mill Creek
flows into the Yaquina upstream of Toledo, and Elk City data were measured
near Elk City upstream of Mill Creek and near the head of tide.

Predicted Lag Times from NOAA (1985) are for Winant and Toledo; see
section D for discussion.

Preliminary inspection of the data indicated that the lag times at low
tide at some of the stations depended on the low tide height at the HMSC,
so data have been subdivided into classes based on heights of low tides
measured at the HMSC.

Lag time=(time of tide at site)-(time of tide at HMSC), Low Tide
Height=low tide height measured at the HMSC, N=number of tides for which
lag times were measured, and SD=Standard Deviation of lag times.
---------------------------------------------------------------------------

d-di
Observed River Bend Lag Times (min).........

Predicted
Lag Time

ctePre
Observed

Low Tide Heights ............ for Winant Lag Time
Less 0- 1.0- 2.0 or (min)..... (min).....

All. than 0 0.9 1.9 more All All All All All
Highs (ft) (ft) (ft) (ft) Lows Highs Lows Highs Lows

---------------------------------------------------------------------------
N 43 12 7 7 16 42

Mean 6 8 5 6 7 6 30 45 24 39

SD 4.9 5.4 6.5 6.1 5.7 5.7
Range 0-15 0-15 0-15 0-15 0-15 0-15
---------------------------------------------------------------------------

Predicted Predicted-
Observed GP Dock Lag Times (min)........... Lag Time Observed

Low Tide Heights ............ for Toledo Lag Time
Less 0- 1.0- 2.0 or (min)..... (min).....

All. than 0 0.9 1.9 more All All All All All
Highs (ft) (ft) (ft) (ft) Lows Highs Lows Highs Lows

---------------------------------------------------------------------------
N 43 12 7 7 16 42

Mean 19 35 26 24 18 25 56 68 37 43
SD 6.6 3.7 7.5 5.6 6.0 8.8

Range 10-30 30-40 15-35 15-30 10-30 10-40
---------------------------------------------------------------------------

Observed Mill Creek Lag Times (min)............
Low Tide Heights ...............
Less 0- 1.0- 2.0 or

All. than 0 0.9 1.9 more All
Highs (ft) (ft) (ft) (ft) Lows

----------------------------------------------------
N 43 12 7 7 16 42

Mean 31 76 56 49 39 54
SD 8.4 6.8 10.2 7.9 14.5 18.7

Range 15-45 65-85 40-70 35-60 15-60 15-85
---------------------------------------------------------------------------

Observed Elk City Lag Times (min) ......................

All
Low Tide Heights .....................
Less 0- 1.0- 2.0 or

than 0 0.9 1.9 more All
Highs (ft) (ft) (ft) (ft) Lows

N 43 12 7 7 16 42
Mean 59 145 118 110 80 110

SD 12.2 11.0 15.0 14.4 19.4 30.6
Range 35-80 125-160 100-140 90-125 35-105 35-160

---------------------------------------------------------------------------
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TABLE 8. Roughly estimated lag times for low or high tides at
Coquille Point, the south end of King Slough, just east of Boone Point, and
just upstream of Criteser's Moorage (see Fig. 1) compared to times of tides
that were measured at the HMSC.

In 1974-1975, I estimated tide heights with a hand-made tide staff
located adjacent to the channel; times of tides were interpolated from tide
heights measured every 15-30 min. HMSC times are estimated to the nearest
0.1 hr (6 min), so lag times are approximate.

Lag Time=(estimated time of tide at Site)-(estimated time of tide
measured at the HMSC), N=number of tides for which lag times were roughly
estimated, Range=minimum-maximum lag time.
---------------------------------------------------------------------------

Rough Estimates of Lag Times .................
Low Tide Lag

Mean
Time...
Range

High Tide
Mean

Lag Time..
Range

Site N (min) (min) N (min) (min)

Coquille Point 4a 4 1-10 0

south King Slough 3b 14 10-16 0

Boone Point 5c 14 3-25 0

Criteser's 5d 28 24-32 7e 20 10-25

a Tides in 1974 on May 10, 26, and 27 and June 5.
b Tides in 1974 on July 16, August 3, and September 20.
c Tides in 1974 on July 17 and August 9 and 23; in 1975 on April 2 and 3.
d Tides in 1974 on November 2 and 3 and December 18; in 1975 on

February 3 and 19.
e Tides in 1974 on October 31, November 3, 12, and 14, and

December 16 and 29; in 1975 on February 12.
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