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PREFACE

This report contains the results of a case study which critically

evaluates the technical requirements of the tideland mitigation provi-

sion in the Oregon Statewide Estuarine Planning Goal and the implemen-

tation policies and methods given in its guidelines. Detailed

scientific examinations' were made of the site of a proposed development

project requiring tideland filling and dredging and of the site where

the tideland losses were to be mitigated by restoring a diked off salt

marsh to tidal action. The development site was the location of the

proposed North Bend city airport runway extension in Coos Bay and the

mitigation site was a diked-off arm of Joe Ney Slough which was proposed

to be undiked if the extension were constructed. The runway extension

required the filling of a region of intertidal lands, and the permit

for the filling required construction of a pilot channel to be dredged

across tidelands around the end of the extension. All of the elements

involved in tideland mitigation were therefore presented in this case.

This report is in two parts: the present part deals with the develop-

ment site and another by R. E. Frenkel and A. H. Taylor deals with the

mitigation site.

The Estuarine Goal and its guideline contain many ecological con-

cepts, technical specifications and priorities for mitigation of tide-

land losses. They also assume the existence of considerable capability

for making accurate ecological predictions of the outcome of mitigation

actions. This report examines many of these concepts, specifications,

priorities and predictive requirements by applying them to the data

derived from the case study. An earlier report from this study criti-

cally examined these features of the Estuarine Goal in a general context,
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and many of the points covered in that report will not be further examined

here.

Requiring mitigation for natural resource values lost through per-

manent alternation of intertidal lands is a relatively new environmental

resource management concept. Rigorous methods for applying it to the

decision making processes involved in planning for and granting permits

for tideland dredging and filling were not developed before the require-

ment became mandatory in Oregon. Using the results from detailed site

analyses, possible implementation methods are evaluated and recommenda-

tions on their practicality are made in this report.

The two parts of this study should not be considered either exhaus-

tive analyses of the North Bend Airport and Joe Ney Slough sites nor models

of what site analyses for mitigation purposes should be. These studies

were designed primarily to examine specific ideas and questions relating

to the'Oregon mitigation requirement. At each site specific features

related to these questions were examined in detail while other potentially

important features were left entirely unstudied. For example, at Joe Ney

Slough, no animal studies were done because of the lack of opportunity for

follow-up work after undiking and because only a small area of higher

intertidal mudflat would result from undiking. At the Airport site, no

studies were done on plankton, fish or other mobile fauna and the sam-

pling underestimated the large infauna. Some features studied in detail

at these sites would not ordinarily require as much or any sampling in a

development site analysis. These features were studied in detail to

learn whether they were useful or significant for mitigation considera-

tions and to provide data to test ideas and assumptions about mitigation.

Examples include the detailed plant community analysis of the undiked
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area and the sediment chemistry at the airport site. As more is learned

about the estuarine system and mitigation methods, less site specific

information will be required for mitigation decisions.
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PHYSIOGRAPHY OF THE NORTH BEND AIRPORT EXTENSION STUDY SITE

General Topography

The North Bend Airport extension site is part of a large, wide inter-

tidal and shallow subtidal region of lower Coos Bay (Figure 1) located

southwest of a narrow portion of the bay adjacent to the present airport.

The fill for the extension was to cross a narrow channel of subtidal

depth at the present end of the west runway and extend across tidelands

to the south side of the larger of a pair of spoils islands situated on

the southern margin of themain navigation channel. These spoils islands,

composed of sand from past channel dredging, are joined together inter-

tidally. Together they form an elongated barrier between the main

channel of the bay and a shallow water region about 2,000 feet wide,

between the islands and the beach below the bluffs of the southern shore

of the mainland southwest of the airport. Most of this wide area between

the emergent portions of the islands and the mainland beach is inter-

tidal at the east end and gradually deepens to shallow subtidal depths,

about five feet below ZLLW, as the protected area widens to the south-

west. The area between mainland and island barrier is thus funnel

shaped, with a wide southwestern portion narrowing down to the channel

passing between the larger island and the airport fill to rejoin the main

channel on the northeastern end.

This topographic arrangement has greatly affected the past sedimen-

tary history of the area, significantly governs its present ecology and

would determine the major secondary ecological impacts of the airport

extension fill if it were to be built in the future as proposed. Subse-

quent discussion will return to this point as it offers an excellent

1
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Figure 1. Proposed North Bend Airport extension site and spoils islands

with tidal height contours and current meter stations indicated.
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example of how the initial form and placement of an intertidal or shallow

subtidal fill determined the nature of the intial impact it had on the

surrounding area, determined the nature of the ecological conditions

which subsequently developed and continue to determine slower changes at

the site to this date. It consequently is also an actual example of how

the nature of a previous intertidal fill would greatly determine the

environmental impact of future developments requiring additional, adjacent

fills. In this case, the location and form of the spoils islands were

largely dictated by the distance from the channel to be dredged, and sub-

sequent effects on natural resources were inadvertent.

The present requirement by the statewide planning goals for mitiga-

tion of natural resource losses resulting from intertidal filling could

act as an economic incentive for avoiding as much impact as possible by

controlling the design of fill projects to minimize it initially. The

changes in the surrounding area subsequent to the spoils island fills

and the resulting ecological situation today determine, as much as the

design of the new fill, what impacts the proposed fill will have. This

study offered the opportunity to identify significant types of impacts

which might be lessened or avoided in the design phase of future devel-

opment projects requiring fills in Oregon estuaries. It also aided in

identifying the types of indirect effects which might be expected, to

require mitigation if not avoided. The major features of the past history

of the site were reconstructed for this purpose as well as to understand

the present ecological situation and its permanency.
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Distribution of Intertidal Area and

Slope Changes With Tidal Height in 1978

A number of separate sampling areas were established at the site

which together included the regions of the projected fill for the airport

extension, the pilot channel required in the now void permit issued by

the Division of State Lands and those areas most likely to be indirectly

affected by these alterations. On the basis of apparent biological and

sediment characteristics identified in a preliminary site survey and on

tidal level contours shown on an aerial photograph supplied by the

Division of State Lands, six sampling areas (Figure 2) were established

and their preliminary boundary dimensions estimated. With the coopera-

tion of the Division of State Lands, these areas were located in the

field. Using the closest benchmark with known tidal height as reference,

tidal heights were determined with a transit throughout all study

areas in April, 1978. In this report tidal heights are given in feet,

with reference to 0.0, mean lower low water, because this is the form in

common use.

At each sampling area, a straight line parallel to the water line

and usually approximating the +6 foot contour was established near the top

of the intertidal. This line was staked and marked for tidal height.

At each end lateral boundaries perpendicular to it were established by

staking them at one foot tidal height intervals. One additional line

parallel to the top line was established along the most regular mid tidal

or lower tidal contour, usually at the +3, +4 or 0.0 foot level. The

detailed dimensions of the sampling areas, designated Areas A, B, C, D,

E, F, G and M are given in Figures 3 and 4 and in Table 1. After

each area was stratified by one foot tidal height intervals and



Figure 2. Sampling areas in the intertidal of North Bend Airport study
site.
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Figure 3. Scale diagrams of sampling areas A, B, C and D with core (solid
circles) and quadrat (solid squares) sampling locations shown.
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circles) and quadrat (solid squares) sampling locations.
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Table 1. Dimensions of the sampling areas at the North Bend Airport
study site. Length refers to the mean distance of the sam-
pling area perpendicular to tidal height contours and width
refers to the mean distance parallel to tidal height contours.

Sampling Intertidal Length Width Total area

area range (ft) (ft) (ft2)

A +6 to 0 174 200 34,800

B >+2 to -2 219 800 175,230

C +6 to -2 411 550 226,050

D +6 to +l 478 185 88,338

E +7 to +2 283 300 84,900

F +7 to +4 226 315 71,325

G +7 to +1 504 450 226,675

GO +2 to 0 100 200 20,000

M ti +1 300 100 30,000
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its boundaries and intervals marked with stakes, its final dimensions

were measured directly with a surveyor's tape.

In Figure 2, the sampling areas are indicated to scale on a chart

of the site with no adjustment for the effect of slope on the length of

the aerial projection of their dimensions.

The chart used was drawn from a contoured aerial photograph of the

airport site obtained from the Division of State Lands. These contours

were derived by photogrammetric methods from aerial photographs taken

on May 2, 1976. The field survey of tidal heights done in April, 1978

revealed some significant differences from the contours established in

1976. Some lower tidal levels indicated in 1976 could not be located

at the same place in 1978. In other places the mid-intertidal regions

appeared to be at higher levels in 1978 than they were in 1976. Above

Area G (Figure 2), erosion had removed as much as 50 feet of the supra-

tidal end of the spoils island present in 1976. On this end of the

island the upper reach of tides and waves was marked by a small, very

unstable bluff about six feet high, cut into the fine sand of the island.

This small bluff showed recent signs of erosion, with eroded out dune

grass clumps tumbled at its base and dune grass roots hanging free on

its surface. Elsewhere on the island this upper nick point on the

shore was one to three feet high but always sharply marked. The south-

eastern corner of the. island had also apparently receded since 1976.

During the field work in 1978 there was a brief storm with winds from

the southwest direction characteristic of severe winter storms. The

waves generated during this brief storm indicated how episodic erosion

of the spoils islands was related to its position. To the southwest of

the islands lies a wide region of open shallow water several miles long.
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Storm winds of sufficient strength and duration at high tide states gener-

ate waves over this reach which break on the southwest side of the smaller

island and the end of the larger island, eroding their shorelines and-dis-

tributing the fine sand composing them over the adjacent tidal flats. The

lower regions of Areas E, F and G had the same general topography in 1978

as in 1976. But, in Area G the lowest tide level was not 0.0 as contoured

in 1976, but +1 feet above 0.0, as shown in Figure 4, and no tidal levels

below 0.0 (MLLW) were found. This difference indicates some filling

of the tidal drainage channels, resulting in an increase of about one foot

in the region formerly between -1.5 and 0.0 feet tide levels, over the two

year period. The indirect effects of intertidal fills on surrounding

tidelands thus can be episodic and continue for decades after the intial

filling is completed.

Because the islands are unstable and showed signs of some shoreline

erosion and tidal flat elevational changes over a relatively short period,

no attempt was made to resurvey the tidal levels of the site in detail

or to correct the contours of 1976, which are used in Figure 1 and subse-

quent figures in this report. The contours of the figures used are thus

approximate and subject to future change. The tidal heights given for

samples and sampling areas are those established by direct survey in 1978

and are as close as straight lines could approximate the 1978 contours.

Changes in slope and distribution of intertidal area at one foot

tidal intervals were calculated from the field measurements of the sampling

areas. A typical slope is indicated in Figure 5 for each of the sampling

areas. On the east (Area C) and south (Area G) sides of the larger spoils

island, the intertidal from +8 feet to 0.0 (MLLW) is about 500 feet wide

perpendicular to the upper beach line. There is also a relatively broad
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intertidal area on the channel side of the island, varying in width from

about 500 feet to about 200 feet, from +8 feet to mean lower low water.

In contrast, the same intertidal zone on the mainland shore below the

bluffs southwest of the islands is more regular and measures from 100

feet to 175 feet wide on aerial photographs. However, there is a very

large intertidal area between the 0.C foot level on the spoils island shore

and that on the mainland shore. This area is over 100,000 feet square

in extent and ranges from 0.0 to -1.5 feet in tidal height. This excep-

tionally large extent of lower tide level area resulted, directly or

indirectly, from the placement of the islands between the main channel

and the mainland shore.

The distribution of intertidal area with tidal height at the study

site is given in Table 2. On the protected southern side of the larger

island, in Area G, a greater percentage of intertidal area lies between

+5 and +6 feet above MLLW than at any other height in this place. It is

also greater than that at the same tidal interval on either the main-

land shore or Area C, on the current swept margin of the tidal channel.

The spoils island is in an unstable position with respect to waves and

currents and is continually supplying fine sediment to the adjacent

intertidal area, slowly resulting in increased elevation and widening of

the upper levels.

However, when compared with similar places in Coos Bay and in

Yaquina Bay, the distribution of intertidal area with respect to tidal

height at the spoils islands appears typical of intertidal flats border-

ing channels in Oregon estuaries. The slope of upper intertidal areas

is slight and the wide area from +3 feet to + 6 or +7 feet above MLLW

comprises over 80% of the total intertidal area down to +1 feet above
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MLLW. The lower region slopes steeply on channel margins and relatively

little of the total intertidal area is found from +2 feet above MLLW,

down to the extreme low water level.

On an area basis, most of the intertidal likely to be affected by

dredging and filling will be large areas of mid-tidal height and less in

the region below +3 feet because of the proportionately less area associ-

ated with increased slope in the lower intertidal. The greatest losses

will therefore be in the zone which is present in the estuary in the

greatest proportion. Mitigation considerations based on equalizing only

the area of intertidal land lost without respect to tidal height would

clearly not result in compensation equal to the proportional loss.

It would be closer to the policy objectives of the Estuarine Goal to

allocate mitigation site intertidal area so that amounts created or

returned at different tidal heights equaled those lost from

alteration. However, historically the upper intertidal region

of estuaries, including the tidal marsh, has been much reduced below its

original state and the lower intertidal is naturally scarce in estuaries.

More flexibility in mitigation actions and a better final distribution of

intertidal natural resources might result if the relative values assigned

to intertidal land loss at different tidal levels reflected both the

relative scarcity of the tidal level in the estuary and its specific

natural resource contribution. Exact compensation in kind may not be

the best long term natural resource management policy for mitigation of

losses from alteration of tidelands.
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Table 2. Distribution of intertidal area with tidal height at the North
Bend Airport extension site, as percentages of total for each
area.

Tidal height
interval

(ft)

Area A
Area C Area G Mainland Mainland,

Island, Tidal Island, tidal channel Adjacent
channel margin SW side margin S shore

C

+7 to +6 4.6 5.3 16.4 --

+6 to +5 21.7 24.7 37.6 36.3 17

+5 to +4 25.2 28.6 16.1 29.2

+4 to +3 22.0 25.1 11.9 19.6

+3 to +2 10.7 12.1 9.3 7.5 65

+2 to +1 3.7 4.2 8.6 7.5

+1 to 0.0 2.4 T. 100 T. 100 T. 100 55

0.0 to -1 5.0 25

-1 to -2 4.6

Total 100 100

Table 3. Changes in island and intertidal area at the North Bend Air-
port site, 1956 to 1977.

1977 Area 1956 Area Percent
Region (m2) (m2) change

Both spoils
islands, total 95,399 107,851 -12

Large island 83,197 90,768 -8

Small island

Intertidal of

12,202 17,083 -29

islands, total

East sandbar,

504,809 283,202 +78

Area B 79,203 21,326 +271

Tidal delta

All offshore

54,549 17,305 +215

intertidal areas

Intertidal, adja-

651,713 321,833 +103

cent mainland 95,177 73,895 +29
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Physiographic Changes at the North Bend Airport Site in the Past

Aerial photographs of the airport region of Coos Bay, dating from

1939 to the present, were available from the Portland office of the U.S.

Corps of Engineers. These were used to reconstruct the probable history

of past alterations and natural changes in the region.

By 1939, tidelands along the west boundary of Pony Slough had been

filled to form the north-south runway of the present airport. This fill

extended across an old natural tidal drainage channel running through

Pony Slough tidelands, to subtidal depths to the west, along the south-

west shoreline below the bluffs. A series of dredge spoils dumps along

the southwestern margin of the main channel extended partly across the

tidelands at the opening of Pony Slough, reaching the new airport fill

to the west. -To the south, offshore from the Pony Slough tidal drainage

channel, the present site of the east-west runway was in part occupied by

spoils dumps. But extensive tidelands were also present to the south-

west, extending past the site of the present spoils islands. The area,

as wide as it is today, consisted, on the channel side, of large inter-

tidal sandbars covered with vary large sand waves formed by tidal currents

and, south of the bars, of some tideflats with eelgrass beds.

By 1944, filling for the north-south and east-west runways was com-

pleted in its present extent and, by extending across former tidelands

to the edge of the main channel, had narrowed the high tide cross sec-

tion of the bay by roughly one third. This narrowing would have had the

effect of increasing the ebb tide current velocity during the early

stages of the falling tide. The end of the east-west runway fill had

apparently sufficiently deflected the incoming tide along the old

channel below the bluffs and outgoing tides at its margin to cause scour,



15

and the beginning of the present narrow tidal channel had formed across

the tidelands at that place before deposition of the spoils islands.

The extensive bar system had changed to a more continuous intertidal

flat and the Area B sandbar had begun to form. The remaining part of

the old Pony Slough drainage channel was represented only by a wide,

deeper area along the south mainland shore.

By July, 1956, the two newly deposited and unvegetated spoils islands

were in their present form, the tidal channel between the larger island

and the end of the runway had widened and the sandbar of Area B had

enlarged and extended southwest. The tidal delta had appeared northeast

of its present location and extensive tidelands surrounded it and the

spoils islands on the south side. Erosion of the spoils islands by

winds from the northwest is evident in the photographs, with sand stream-

ing southwest onto the tidelands. The shoaling and growth of the Area B

sandbar and the tidal delta continued to the present, while the higher

intertidal around the south shore of the islands expanded in area.

Only a remnant, no longer of subtidal depth, remains of the old Pony

Slough tidal channel. At its eastern end it is a narrow muddy channel

of about 0.0 depth, filled with eelgrass beds.

A quantitative estimate of the magnitude of the expansion of shallow

intertidal areas around the spoils islands, the Area B sandbar and tidal

delta was made using the aerial photographs of July, 1956 and May, 1977.

The 0.0 and +8 feet tidal levels were identified on the photographs from

water levels and by comparing levels of features known from field mea-

surements, using locations which did not change between 1956 and 1977.

Prints made to the same scale were used to make tracings of the +8 and

0.0 tide level contours. The areas of the islands above +8 feet and the
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areas of the intertidal regions between +8 feet and 0.0 levels were

estimated from the tracings. These estimates are accurate to about ±10%.

Figure 6 illustrates the changes in islands and tidelands in the 21 year

period. The aerial estimates and their relative changes are given in

Table 3.

The total area of the islands above +8 feet decreased about 12% from

wind, wave and current erosion on the south side, while the intertidal

area between +8 feet and 0.0 feet around both islands increased 78%,

largely on the south side. The area of the intertidal sandbar (Area B)

on the east side of the channel became four times larger and the tidal

delta moved south and west while doubling in area. The total of all

intertidal area associated with the islands, including the sandbar and

delta, doubled in the 21 year period, while the tidelands along the near-

by mainland to the south showed a lesser increase of 29% of their ori-

ginal area.

Considerable shoaling between the spoils islands and the mainland

shore followed deposition of the islands and involved an extensive area,

at least three times larger than the initial supratidal area of the

islands. This change in intertidal height was accompanied by some regional

changes in sediment type, which must have involved changes in biota as

well.

While the spoils islands as a whole eroded, they lost only about 10%

of their supratidal area in 21 years, with loss from the small island

accounting for 40% of this. The volume of sand supplied by the islands

does not appear sufficient to be the major source of sediment causing the

shoaling, as these sediments are muddy today and the shoaling area is very

large. The major indirect effect of the islands appears to have been the



Figure 6. Changes in intertidal elevations at the North Bend Airport

study site from 1956 to 1977.
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creation of an elongate barrier which, at the airport end, diverts both

outgoing and incoming flow into the narrow channel between the island

and airport. The resulting increase in tidal flow velocity enlarged

and maintains the present channel by scour. Unlike the flooding tide

from the south, the velocity of the ebbing tide in the main channel is

already high and must be sufficient to bring sand into the channel from

upbay sources. The velocity is high in the channel between island and

airport, and large sand ripples are formed on bottom and banks. This

velocity is sufficient to carry the sand west, but as the area widens

and the tide falls this velocity rapidly decreases and is insufficient

to maintain sand transport. The Area B sandbar and the tidal delta are

increasing, as is the growing crescentic bar on the southeast tip of the

larger spoils island. Farther southwest, behind the larger spoils

island, conditions at slack water and protection from wind waves create

quiet water conditions necessary for the deposition of silts and clays.

This also permits extensive macrophyte growth, which adds organic matter

to the muddy sediments being deposited in the region.

As a consequence of the position of the airport and spoils island

fills, conditions for the natural deposition of muddy sediments on grow-

ing intertidal flats were created. These processes continue today,

possibly at an accelerated rate compared to other regions in Coos Bay

where natural landforms conforming to local currents are closer to equil-

ibrium conditions. The tidelands in the region between the spoils island,

airport and southwestern mainland shore will continue to expand and

increase in tidal height if present processes continue.

Approximately 78% of this entire intertidal area is between the +6

and +3 feet tidal levels, 22% between +3 and 0.0 levels and only 10%
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between 0.0 and -2 feet levels. Typical slopes are given in Figure 5.

Thus, about 75% of the intertidal area south of the large spoils island

is at, or, at most, two feet below, the level at which salt marsh vegetation

can become established and accretion to supratidal levels proceed. A

small region of scattered clumps of pioneer salt marsh vegetation is

already present. At the rate of accretion of the past 21 years, most of

this intertidal area could become low salt marsh in an equal time period,

leaving a tidal channel between banks of salt marsh south of the spoils

islands. It is likely that had the spoils island material been

deposited against the mainland shore and original airport fill, in the

southeast corner of the site, none of these changes would have taken

place and the spoils island area would have remained an intertidal and

shallow sub tidal region.
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TIDAL CURRENTS AT THE NORTH BEND AIRPORT EXTENSION SITE

Introduction

Because of their role in determining the pattern and nature of sedi-

ment deposition and consequently the biota present, a brief study was

made of the speed, duration and direction of tidal currents at two sub-

tidal points within the study region. Similarity of current velocity

and patterns are listed in Guideline D as a characteristic to be used in

selecting mitigation sites and their utility for this purpose will be

evaluated from these results.

Methods

On March 29 and 30, 1978, two Aanderaa continuous recording current

meters were operated at the site, anchored just above the bottom in tidal

channels at the points indicated in Figure 1. The tide states for this

time period are given in Table 4.

Table 4. Tide states, March 29-30, 1978, Coos Bay, Oregon

Height relative
Date Time Tide State to MLLW (ft.)

March 29 2:45 AM Higher High Water +8.5-

9:45 AM Lower Low Water -0.4

7:17 PM Lower High Water +6.5

9:37 PM Higher Low Water +2.4

March 30 3:50 AM Higher High Water +8.1

10:45 AM Lower Low Water -0.3

5:27 PM Lower High Water +6.1

10:38 PM Higher Low Water +2.9
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Results

The recorded data on current speed and direction were reduced by a

computer program and are graphically represented in Figures 7 and 8. At

the northern location, in the narrow tidal channel between the larger

island and the airport, current speeds just above 50 cm/s were recorded

on out-going tides and speeds between 30 and 40 cm/s on incoming tides.

The southern recording location was in the shallow channel south of the

junction of the two spoils islands. Here maximal tidal currents between

30 and 35 cm/s were recorded at both incoming and outgoing tides. At

one point the velocity hovered between 0 and 10 cm/s at high slack tide.

The incoming tide first approaches this area from the west, but as it

rises, it also passes southward between the two islands, coming from the

main channel on the north.

At the northern. recording location, the tidal flow is along a line

from 40 to 225°, parallel to the channel direction as expected. As the

tide begins to ebb, the flow vector rotates clockwise from 215 to 225

as the flow increases in the channel. The flow direction changes rapidly

and smoothly with changing tide state. At the lowest stage of lower low

water, the flow direction reverses as the tidal delta and intertidal sand

bars in and near Areas B and M (Figures 1 and 2) become exposed by the

tide, connect and block further drainage south. This causes the remain-

ing tidal volume in the channel to flow northward and exit into the main

channel.

At the southern location, the tidal flow is along a 40° to 220° line

and directional changes are fairly smooth. Some variable direction

changes are present due to the approximately two hour lag between ebbing
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and flooding tidal currents. Some of the complexity of flow direction,

like velocity, is related to the flooding tide first entering the record-

ing location from the southwest only, and then also from the north,

between the islands.

Discussion

Substantial current flows were measured at the North Bend Airport

site and significant differences in the flow regime were found over the

relatively short distance (3,000 feet) separating the current meter

stations. Since current regimes determine the depositional regime and

stability of sediments, the nature of the sedimentary environment also

varies from place to place within this site.

In the northern portion of the airport site, currents are fast enough

to transport significant quantities of sand derived from upstream sources

and result in huge sand ripples on the channel margins and the tidal

delta. Animal and plant communities in this area must be adapted in

some way to prevent burial or being washed away in the most intensely

scoured areas. Along the tidal channel, plants are largely absent from

midtidal levels swept by the tidal currents.

The southern portion of the site is characterized by slower currents,

creating an environment with permits the deposition of finer, muddy

sediments. For this and other reasons the animal community in the

southern area is much richer in both numbers of species and numbers of

animals. The calmer environment also allows substantial growth of macro-

algae on the wide midtidal flats and eelgrass within lower channel areas,

which offers both additional food and habitats to the animals present.

These results show that in estuaries large intertidal and shallow
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subtidal development sites may have significantly different current

regimes at different places within them. Similarity of current velocity

and patterns is given as criterion 4 in the Goal 16 guidelines for select-

ing mitigation sites. At best, this similarity will have to be very

general in practice. It will be virtually impossible to replicate such

complex velocity and flow regimes as are present at the airport site.

Strict application will probably block mitigation actions.

Changing such a high flow regime by an elongate fill at a develop-

ment site will have significant effects in time on the sediment charac-

teristics of adjacent areas. Conversely, it can be seen that intertidal

dredging might create a situation for destructive, high velocity, erosive

currents. Such indirect effects are not addressed in the guidelines. It

may be more important to assess the impact of current alterations before

construction and minimize or mitigate for their on-site and adjacent

effects directly at the development site than to attempt to recreate the

flow regimes elsewhere. Modification of the fill project plan will prob-

ably be a more practical, and possibly more economical, method to reduce

the indirect impact on adjacent areas from current alterations caused by

fills interposed into alongshore tidal currents.

Some plan modification alternatives to achieve this might be to

extend the development along the shore when possible, rather than pro-

jecting it into deeper areas and into major current flows or to include

current diversion or bypass structures in the development plan. In the.

case of the proposed North Bend airport project, a pilot channel for a

partial diversion of tidal currents was proposed. A canal across the

backshore area of a fill for developments of other types, to be bridged

for access to the site, may be a satisfactory compromise between development

project requirements, environmental damage, and additional costs for miti-

gation actions to compensate for indirect effects.
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SEDIMENT CHARACTERISTICS AT THE NORTH BEND AIRPORT EXTENSION SITE

Introduction

The substrate type of a development site is included in the list of

characteristics to be used in selecting a mitigation site which is given

in the guidelines for implementing the mitigation requirement in the

Estuarine planning goal. The intent of the listing is to provide selec-

tion criteria which would ensure that the site selected would be the

ecological equivalent of the site to be developed. Sedimentary substrates

are by far the predominant type in Oregon estuaries. Sediment samples

are easily obtained and many ecologically relevant sediment characteris-

tics are quickly and easily determined by accurate, objective analytical

techniques. In addition, it has been demonstrated that many benthic

species have a rather constant association with specific sediment charac-

teristics of their habitat type. We have characterized the sediments at

the case study site and examined both the spatial distribution of these

features and the fidelity of their association with the biota in an effort

to assess the utility of sediment characters as predictors of intertidal

ecological conditions in Oregon estuaries. This work has been successful

in reducing the sediments found at this site to a few major types based

on a small number of important sediment characteristics. It will be

shown that development sites of the size and type at the North Bend Airport

cannot be characterized by a single sediment feature usable for mitigation

site selection. The degree to which sediments can be used to characterize

the physical features of the site as well as its biota has been examined.

The detailed features of the relations of organisms and community type

to sediment characteristics is discussed elsewhere under sediment-organism
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relationships. This settion will emphasize the physical characterization

of the sediments at the site and the results will be used to examine the

limitations of sediment features for characterizing mitigation sites.

Methods Used in Sediment Analysis

Sediment samples were taken with a one inch diameter coring tube to

a depth of 10 cm at the mid-point of each one-foot tidal height stratum

in the delineated sampling areas A, B, C, E, G, and M. Three or four

adjacent, replicate cores were taken at each sampling point and pooled

to provide sufficient material for analysis. In the channel between the

runway and the large spoils island, subtidal samples were taken with a

0.05 m2 Ekman grab. The dried samples were analyzed by the Oregon State

University Soil Characterization Laboratory using standard methods of

high accuracy and precision. The analytical methods used are listed in

Appendix 1. The particle size distribution within the samples was

characterized by determining the percentages present in six size cate-

gories of sand size particles, two silt fractions and one clay fraction.

Chemical analyses included measurement of the ecologically important com-

ponents of total nitrogen, nitrates, ammonia, organic nitrogen and total

organic carbon. These chemical characteristics are related to the

amount of organic detritus in the sediment.

Results

General

The sediment particle size and chemical characteristics of the air-

port development site (Table 5) are typical of the sediments found in the

lower and middle regions of Oregon estuaries. The intertidal substrate
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Table 5. Analysis of sediment samples from North Bend Airport site. Parti-
cle size fractions given as percentages of sample dry weight.
Organic carbon as g-at.C/103g sediment, total N as g-at.N/106g
sediment and nitrate as g-at.N/lO9g sediment.

VERY SEDIMENT SIZE FRACTIONS (X)

HE CSAND
E p

CSANGE NSANGH
SAND

FINE
CSILTE

FINE
CLAY

ORGANIC
NITROGEN NITRATE

Pi23 -5.0 .35 11.04 42.49 39.42 1.78 1.47 1.89 1.57 .23 14.28 44.03
3 50 +2.5 .06 1.07 18.29 77.76 .87 .06 1.26 .61 .18 7.14 1330.79
8 60 +1.5 .19 6.10 37.06 54.24 .60 .05 1.10 .66 .18 7.14 623.99
8 70 +0.5 .23 10.19 44.93 43.35 .43 .03 .60 .24 .30 7.14 596.14
5 80 -0.5 .09 14.70 46.62 36.97 .39 .02 .87 .34 .06 7.14 623.99
C LN +6.5 0.00 11.81 53.95 30.30.33 '2.68 .80 .13 .02 3.57 20-70
C 2N +5.5 .01 8.21 38.93 47.22 1.68 .15 2.75 1.05 .09 14.28 83.53
C 2S +5.5 .03 12.38 410.54 34.83 2.44 2.92 3.69 3.17 .46 21.42 13.56
C 3N +4.5 .02 11.50 40.84 45.71 .75 .05 .92 .21 .12 7.14 27.64
C 3S *4.5 .03 14.25 39.28 32.94 1.98 2.24 4.86 4.42 .51 28.56 7.14
C 4N +3.5 .01 7.04 39.13 58.60 .90 .12 1.32 as .15 7.14 69.25
C 4S +3.5 0.00 9.23 39.68 39.14 2.87 2.23 3.86 2.99 .06 21.42 48.55
C 5S +2.5 .03 17.26 49.76 31.83 .43 .05 .54 .10 .30 3.57 34.98
C 6N +1.5 .03 6.01 26.48 53.60 4.96 2.49 3.22 3.21 .46 28.56 27.84
C 6S +1.5 .02 11.00 43.84 39.68 1.50 .65 2.10 1.21 .30 14.28 13.56
C 7N +0.5 .03 8.48 28.34 48.42 4.95 2.43 3.85 3.46 .72 35.70 20.70
C 7S +0.5 .01 13.30 49.76 33.73 1.02 .06 1.50 .62 .21 7.14 13.56
C ON -0.5 .03 1.47 12.59 56.74 10.01 5.55 7.07 6.54 .78 49.98 69.25
E 10 +6.5 .10 12.68 43.85 41.81 .62 .09 .66 .19 .22 7.14 .36
E 20 +5.5 .04 11.38 39.65 36.87 1.11 2.51 4.68 3.76 .51 28.56 7.14
E 30 +4.5 .05 12.06 40.30 37.55 1.22 1.85 3.72 3.25 .49 28.56 582.56
E 40 +3.5 .05 9.46 33.03 26.70 5.05 8.60 9.20 7.91 1.03 49.98 582.58
E 50 +2.5 .02 11.19 37.77 33.35 2.96 4.47 5.41 4.83 .74 42.84 7.14
G SE +6.5 .13 11.61 36.31 38.71 1.59 3.64 4.29 3.73 .53 38.08 60.21
G iw +6.5 .55 23.48 48.82 32.11.64 .44 1.02 .94 .26 14.28 41.41
G 2E +5.5 .03 7.76 34.21 44.33 1.69 2.80 4.78 '4.40 .49 21.412 129.22
G 2W +5.3 .03 6.29 32.51 '44.58 2.71 4.09 5.25 4.54 1.07 60.69 325.56
G 3E +4.5 .03 8.41 33.22 41.95 2.16 4.74 4.85 4.64 .60 28.56 69.25
G 3W +4.5 .01 5.58 25.72 40.39 4.34 8.29 8.516 7.11 .88 49.95 651.83
G 4E +3.5 .06 5.05 23.08 47.52 4.50 7.18 3.87 8.74 1.17 64.25 665.40
G 4W +3.5 .02 4.63 30.27 50.69 2.70 3.30 4.07 4.12 .57 28.56 83.53
G SE +2.5 .37 3.21 14.29 44.01 7.45 11.20 10.36 9.41 1.57 71.39 693.24
G 5N +2.5 .02 2.15 22.02 52.07 7.15 6.16 5.49 4.94 .72 35.70 13.56
G of +1.5 .04 .85 4.34 32.82 15.82 16.92 15.80 13.41 2.28 107.09 665.40
G oN +1.5 .03 1.49 15.75 44.12 10.93 12.01 8.61 7.06 1.34 64.25 .36
C 7W +0.5 .03 .88 114.74 39.97 9.64 12.65 11.41 10.68 1.54 71.39 74.25
G 8W -0.5 .04 .44 10.64 26.43 11.21 15.30 18.60 16.94 2.28 114.23 37.13
ri 70 +0.5 .04 .74 8.97 40.36 12.10 11.90 13.23 12.66 1.88 92.81 706.80
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is predominantly composed of medium to fine sand particles which, on the

channel side of the large spoils island, comprise an average of 94% of

the sediment weight and about 80% of most of the muddier sediments on

its south shore. In 'eelgrass beds throughout the study site and in

lower muddy regions of the tide flats on the south side of the island,

silt and clay particles together make up as much as 25 to 45 percent of

the dry weight of the sediment. In such areas, when the organic carbon

measure is converted to an estimate of total organic matter, detrital

material typically comprises two to four percent of the sediment dry

weight, while in sandier areas it is less than one percent of the sedi-

ment weight. With some exceptions, silts, clay and organic carbon

(Figure 9) increase with lower intertidal height in most areas at the

site. It is apparent that a general characterization of the sediment

type at the site as medium-fine, somewhat muddy sand would be of little

use in mitigation determinations since this characterization applies to

most of the tidelands within Oregon estuaries, exclusive of mudflats in

the upper estuary. Finer distinctions are required to adequately charac-

terize the site. The minimum distinctions necessary are next examined.

Sediment Composition

The detailed sediment characteristics of the samples are given in

Table 5 and will not be separately described. In order to determine if

all size fractions measured were necessary to adequately describe the

sediments at the study site, correlation coefficients were calculated for

each pair of characteristics and these are presented in Table 6 as a

correlation matrix.

Coarse and medium sand fractions were strongly positively correlated
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foot intervals of tidal height in sampling areas at study site.
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Table 6. Correlation matrix for sediment particle size fractions at the
North Bend Airport site. Correlations given as percentages.

Very Very

Size fraction
coarse
sand

Coarse
sand

Medium
sand

Fine
sand

fine
sand

Coarse
silt

Fine
silt Clay

Coarse sand 59

Medium sand 7 79

Fine sand -32 -63 -39

Very fine sand -14 -71 -91 .2

Coarse silt -8 -66 -88 -3 .9

Fine silt -14 -67 -86 -3 .9 95

Clay -10 -69 -90 6 .9 97 93

Organic carbon -50 -61 -85 -2 84 96 91 94

and were combined as one sand fraction for use in further considerations.

These sand fractions, especially the medium sand fraction, were strongly

negatively correlated with all of the finer fractions and also with the

measurements of organic carbon and nitrogen. The fine sand fraction was

rather constant in all samples, was not strongly positively correlated

with any other fraction and was negatively correlated with the other sand

fractions. For these reasons it was kept separate.

The finer particle sizes, very fine sand, coarse and fine silts and

clay, were very strongly positively correlated with each other and so the

fine sand and silts were combined as one silt fraction. The chemical

characteristics of organic carbon and nitrogen content correlated strongly

with each other and also with all of the fine particle fractions. Because

they added no information not predictable from the fine particle values,

they were not further used in sediment characterization.

The combined particle size fractions and the deletion of the chemical

characteristics reduced the essential sediment characteristics from ten to
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four. In order to determine the degree to which a few composite sediment

types could characterize all of the samples from the site, these four

features were used together to group the sediment samples. When such

grouping was done, either by inspection of the data (Figure 10) or by

objective classification methods with the computer, distinct sediment

sample groups emerged. These groups show relatively large and distinct

differences in the average amounts of sands, silts and clay present in

them. The mean percentages of these four fractions were used to define

distinctive composite sediment types within the sampling areas (Table 7).

The mean percentage compositions of the particle size fractions given for

each sediment type in Table 7 are averages for this set of samples only

and should not be used to characterize sediment types at another develop-

ment site without sampling the sediments at it. Similar sediment types

could be defined for other development sites and then used to specify

the types to be replaced at mitigation sites.

It is apparent from Table 7 that the complexity presented in Table

can be reduced considerably without losing the capability to accurately

characterize samples and that a simple classification of composite

sediment types present at the development site can be erected. However,

even when only four broad types are defined, it is clear that the site is

neither homogenous nor dominated strongly by any one of these type cate-

gories. The total percentage of intertidal area represented by each

sediment type within sampling areas B, C, G, M, D and E only are given

in Table 7. Within these sampling areas, a significant proportion of the

area falls within each sediment type. Consequently each type would

have to be represented at one or several mitigation sites, at the same

tidal height and in the same areal extent if the sediment complex at the

airport site were to be replaced significantly elsewhere in the estuary.
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Figure 10. Percentages of sand, silt and clay fractions of sediment sam-
ples from North Bend Airport study site sampling areas, with

composite sediment types indicated.
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Table 7. Sediment types at the North Bend Airport site. Percentages
(dry weight) of mean size fractions with 95% confidence inter-
vals of the means and intertidal area represented.

Sedi-
ment

# of
sam- % % % % Area %

type pies Sand Fine sand Silts Clay (ft2) Area

A 13 57 ± 4.7 40 ± 4.4 2 ± 0.8 0.6-± 0.3 218,543 33
Clean
sand

B 13 46 ± 5.1 41 ± 4 10 ± 1.1 4 ± 0.5 292,380 44
Muddy
sand

C 7 25 ± 9.1 45 ± 8.8 23 ± 5.1 7 ± 1.4 80,294 12
Silty
mud

D 5 10 ± 8.4 37 ± 8.8 39 ± 9.1 12 ± 4.5 69,500 11
Mud

Even with the use of only four intertidal sediment types, neither

the study site as a whole nor the sampling areas can be adequately

classified as entities by a single sediment type because significant

amounts of area of each type are found within single samping areas. In

addition, tidal strata of the same tidal height in different sampling

areas also differ in their classification by the types in Table 7. It

is also not possible to characterize the site by a few sediment types

found at exclusive tide levels. A single ecologically meaningful sedi-

ment classification cannot be given for the entire development site, a

subregion of it or a single tidal level. Sediment type criteria for

mitigation site selection will necessarily be complex. Single or simple

sediment characterizations will not provide assurance that the major

ecological features of a complex development site will be adequately

duplicated or even represented at one of several mitigation sites and

the guideline language should be revised to reflect this.
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With a sediment type classification like that in Table 7 for a develop-

ment site, the amount of area at different tidal heights representing

each sediment type at the development site can be computed (Table 8).

When mitigation is required, sites could then be sought where each was

represented at comparable tidal levels and in comparable area. Analysis

of samples of sediment from proposed development and mitigation sites

could be used to,objectively determine if the types required are repre-

sented at the mitigation site.

The intertidal distributianof the composite sediment types at,the

study site, both, within and immediately adjacent to the proposed fill

boundaries and the proposed pilot channel around its western end, is

given in Table 8. The intertidal area which would be altered by the

development is classified in Table 8 into one of the four sediment types

by one foot tidal increments, including intertidal area outside but

immediately adjacent to the sampling areas. The areas of the latter

Table 8. Intertidal area at North Bend Airport site, classified by
sediment types at different tidal heights. Includes esti-
mates of sediment types and area outside sampling areas.

Tidal height Sediment types (area, ft2)
(ft + MLLW) A B C

6 to 7 71838 23750 -

5 to 6 37256 171606 21750

4 to 5 54792 72506 36400

3 to 4 43938 38812 36180 -

2 to 3 39850 42813 25475 -

1 to 2 37463 23037 19070 19500

0 to 1 27369 3406 21750 130000

-1 to 0 16000 - 6669 10000

Totals: ft2 328560 374920 167294 159500

Acres 7.39 8.33 3.65 3.59

D
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were estimated and classified according to the types prevailing at the

same tidal heights in immediately adjacent sampling areas.

About equal areas of sediment type A (7.4 acres) and sediment type B

(8.3 acres) were present and significant area at all tidal heights to

MLLW (0.0) was represented by types A and B. Tidal heights below MLLW

were not sampled for sediments in most places at the site and neither

was the area at tidal heights below -1 estimated. The table is therefore

incomplete for the lower tidal strata. Sediment type C was represented

at all tidal heights except the highest sampled, and is the sediment

type in regions covering about half the area (3.7 acres) of either of

the two predominant types. Type D, the muddy sediment category, was

represented only below +2 feet and covered about 3.6 acres. This type

predominates in a large area southwest of sampling Areas E, F, and G and

the lowest tidal levels of Areas C and B. Its extent is consequently

not as well estimated as the other sediment types.

Discussion

Some sediment characteristics are good indicators of other ecologi-

cal conditions. If no other information were available, these composite

sediment types alone could be used to characterize the habitat types to

be lost or altered at the site through the dredging and filling required

for construction of the airport extension. The types of sediment and

the areas of each at different tidal heights given in Table 8 would indi-

cate those required to be replaced through mitigation. Standards for

acceptable variation from the composition of each sediment type to be

represented at the mitigation areas would be available from the conf i-

dence limits provided in Table 7. Because of the significant areas
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of both predominantly sandy and predominantly muddy sediment involved.

a mitigation requirement that they be replaced in like quantities would

probably require that several mitigation sites elsewhere in the estuary

be found. It is unlikely that this combination of type and area would

be found in a single place elsewhere. If the average composition of

samples from the vicinity of a proposed mitigation site falls within the

95% confidence intervals determined for the development site particle

category means, then the sediments would be taken as identical. Exact

duplication is not to be expected, judging from the variation found in

this study.

For the airport site samples, all sand fractions above very fine

sand could be grouped together as "sand" without significantly changing

the classification of the samples. The major difference in particle

composition between samples is found in the ratio of total sand content

to total silts and clay. For Oregon estuarine situations similar to the

case study site, an adequate and inexpensive sediment characterization

for preliminary mitigation planning purposes would be a simple analysis

of only the percent sand and percent silts and clays. Sediment samples

should be taken from all tidal heights represented at the sites of

interest and from all portions of the sites which differ in obvious bio-

tic community features, any relation to tidal currents or in physical

appearance in any way. Resources available for analysis of sediment

samples should be allocated to represent the site well with multiple

samples rather than to detailed analysis of sediment fractions or chem-

istry.

Some insight into the limitations of a simple substrate sediment

classification as a tool in selecting mitigation sites is gained by
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further analysis of the case study site sediment features. Type A clean

sandy sediments are found in two contrasting conditions at the site; at

the highest tide levels above both muddy and sandy lower levels as well

as at mid-tide levels in areas of high current velocity along the channel

margins and throughout Area B, which is a large current-created sand bar.

However, even in regions of greatest current velocity at Area C, the eel

grass bed in the lowest tidal levels creates conditions for sedimentation

of fine particles. Sediments with about 20% silts and clays and high

organic matter are found here. But, eelgrass bed samnl_es from other

areas differ, making a single simple sediment characterization inadequate

for even a single biotope. In the lowest intertidal levels of Area B,

eelgrass is growing in sandy sediments which can be classified as type A

sediments for this site, while in Areas G and M, some of the thickest

eelgrass beds are in sediments which have the highest silt, clay and

organic matter content (type D) found at the study site. Levels

with the highest algal mat biomass have sandier sediments than the bare

areas below them, yet macroalgae can occur at low levels. Finer muddy

sediments of low tide levels apparently offer insufficient direct

attachment for macroalgae and tend to coat recumbent algae with fine

particles, blocking light. Eelgrass offers an emergent attachment and

entanglement substrate above muddy sediments, and algae are thus present

over muddy sediments.

However, sandy sediments of upper tidal heights cannot be given a

higher ecological value on the basis of plant attachment sites in mitiga-

tion site specifications because of important features of the low tide

level muddy sediments. The highest density of small infaunal animals,

especially annelids and crustacea fed upon by fish, are found in the lower,
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muddier sediments, giving them an important ecological role at the site

and for the rest of the estuarine ecosystem. Sediment features alone

cannot be used to assess the relative ecological importance of different

regions of a development site. It is not possible to objectively

designate a single sediment type of greatest importance for the site.

The region of the North Bend airport development is a mosaic of major

sandy and muddy sediment types, each with distinctive communities of

organisms. No simple or general sediment feature characterizes this

site, and no such feature would suffice as a criterion for describing

a mitigation site which would sufficiently offset the major ecological

losses from its development.

In summary, a relatively small number of sediment types, generally

but not exclusively associated with distinctive biotas, can characterize

large segments of this mosaic. The proportions and quantities of area

represented by each of these sediment types is relatively easily deter-

mined at the development site. Because of the complexity of this sedi-

ment mosaic and its causal relationship to site specific tidal current

features, it is improbable that the same sediment types could be found

together in the same relationships to tidal currents, heights, and area

at another place in the same estuary. If sediment types are to be useful

as a criteria for mitigation site selection, the several types and

amounts found at a development site will probably have to be sought at

separate mitigation sites.

The utility of intertidal sediment characteristics as predictors of

specific biota will be evaluated later in discussions of correlations

between animal species and certain sediment features.
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BIOLOGICAL STUDIES

Introduction

The estuarine goal and guidelines require that mitigation for

natural resource losses through tideland reductions or degradations

be achieved by creation or restoration of another area of similar bio-

logical potential, to ensure that the integrity of the estuarine eco-

system is maintained. This requirement necessitates that the biologi-

cal features of intertidal development sites be inventoried sufficiently

to specify what resources will be lost and to evaluate their relation

to the integrity of the estuarine ecosystem. The type of biological

information and the depth of detail required to make such an assessment

are not specified beyond an indication that productivity and diversity

are important. Mitigation sites are to have ecological characteristics

similar to the development site and are to develop in time a biota

quantitatively and qualitately similar to that of the lost tidelands.

Criteria for similarity are not given. All of these requirements are

generalized technical policy objectives rather than explicit require-

ments or statements of methods to be used in evaluation of sites, stan-

dards for formulating specifications for mitigation actions or criteria

for assessing the degree of compliance. They also assume the avail-

ability of a high degree of capability for ecological prediction concern-

ing the exact nature of communities to develop on sites not yet in

existance.

The overall objective of the biological studies in this project was

to explore these problems by attempting to identify and secure the

biological information about the study site which would meet all of these
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requirements. This information would in turn be used to evaluate the

practicality of the requirements and formulate recommendations on how

they could be carried out and the required predictions made and evalu-

ated.

Biological studies at the North Bend Airport site were restricted

to community studies of the benthic biota. The plankton of tidewaters

over intertidal regions is an important part of the total in the

estuarine system but is not unique to the region, extensively mixes with

that elsewhere, and is consequently very difficult to separately evaluate.

Mobile fauna, such as fish, crabs and shrimp, move over tidelands exten-

sively at high tide and feed on the benthic organisms there. They form

an important link between the intertidal and the rest of the system.

However, larger mobile forms are highly variable in occurrence and

difficult to quantify.

In contrast, the resident bottom biota of the intertidal is more

restricted to this part of the system and entirely dependent upon it for

habitat space. The benthic biota is more likely to represent unique and

important ecosystem values of tidelands and moreover remains in place at

low tide, when it can be quantitatively sampled. For these reasons, the

benthic biota was used to examine the biological questions relating to

assessments of tideland development and mitigation sites. There is

little good, detailed,quantitative data on the benthos of Oregon estuarine

intertidal lands and consequently the capability for predicting the types

of benthic natural resources lost by tideland reductions is very limited.

An adequate assessment of the present mitigation requirement was not

possible without new information on the organisms present, their distri-

bution with tidal height and sediment composition and especially on the
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degree of variation to be expected in a typical estuarine intertidal

development site.

The following types of biological studies were carried out at the

study site. The distribution and abundance of the large plants were

determined because of their important ecological role in the system.

Certain large intertidal benthic animals are either not sufficiently

abundant to be adequately sampled by small samples or are abundant but

too deep in the sediment to be sampled adequately by conventional methods.

For certain of these, such as soft shell clams and ghost shrimp, exten-

sive non-quantitative sampling was used to chart their distribution at

the study site. The adequacy of such mapping was examined by comparing

the distribution resulting from qualitative sampling to that from quan-

titative randomized sampling, for a species which could be sampled both

ways. To complement the qualitative sampling for large species, a

restricted number of large samples were taken, to test whether they

would adequately represent large animal density, commensurate with the

great effort required. The most extensive sampling was done with a

smaller sampler,, adequate for sampling the very abundant smaller

infauna. These samples were used to determine the infaunal species com-

position and species abundances relative to tidal height and sediment

characteristics. The infaunal community at two contrasting portions of

the study site was examined in detail. For a few species from both large

and smaller samples, distributions throughout the study site were mapped

and compared quantitatively. The extent of variation of benthic infauna

at the site was thus evaluated both horizontally and vertically with

tidal height and the results for larger species from the two sizes of

quantitative samples compared.
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Intertidal Marine Macrophytes at the
North Bend Airport Project Site

Introduction

Intertidal macrophytes make important contributions to the structure

and function of the Coos Bay ecosystem. As primary producers, macro-

phytes are the base of many estuarine and marine food chains, princi-

pally through the production of plant debris or detritus from seasonal

breakdown of the living plants. Their presence affects the deposition

and stabilization of sediments, the depth of the anoxic layer within

sediments, and the settling of benthic invertebrate larvae. Benthic

plants also modify and buffer the effect of currents and wave action in

shallow areas. Macrophytes affect the chemistry of the sediments and the

water column by the release and uptake of nutrients, CO2, 02, and other

compounds. These large plants support diverse assemblages of animals

and smaller algae living among or on their leaves or filaments. They

serve as shelter, nursery or feeding grounds for many fish, shrimp and

Dungeness crab juveniles. Intertidal macrophytes are the main food of

the black brant or sea goose, Branta nigricans, which winters in Oregon

estuaries. With these substantial contributions in mind, it is apparent

that a macrophyte study is critical to a'comprehensive evaluation of the

losses to the ecosystem from the filling-of intertidal areas.

Studies of intertidal estuarine macrophytes have been more common

in North Atlantic estuaries than those of the North Pacific. This is

particularly true for the common temperate northern hemisphere estuarine

macrophyte, the -eelgrass, Zostera marina. Reviews of Zostera biology

(Phillips, 1964; McRoy and Phillips, 1968) show that of the few Pacific
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coast Zostera studies which have been done, many are still unpublished

theses. However, McRoy (1970) has provided a comprehensive treatment of

Zostera biology in Alaska. In other work Keller and Harris (1966) examined

variation in Zostera growth with tidal height in Humboldt Bay, California.

Bayer (1978) and Thum (1972) studied the distribution and seasonal growth

of two Zostera species, Z. marina and Z. noltii, in Yaquina Bay, Oregon.

The available information on Zostera standing stock and productivity data

from the West coast of North America is summarized by McRoy and McMillan

(1978) in a review of Zostera production ecology. There have been few

North American west coast estuarine macrophyte biomass studies and

Zostera has been studied more extensively than intertidal benthic macro-

algae, which are also abundant in Oregon estuaries. The study of Thum

(1972) is apparently the only investigation of the biomass of both plant

types at the same time and place in the Pacific Northwest.

Intertidal macroalgae and Zostera were studied at the North Bend

Airport extension site to estimate the total standing stock of macrophyte

biomass and its intertidal distribution in late spring and early summer.

The magnitude of the contribution made by intertidal macrophyte primary

production at the site to the Coos Bay ecosystem was then assessed to

provide a basis for evaluating the ecological significance of the poten-

tial loss of such intertidal plant habitats in Oregon estuaries. From

this assessment, the relative importance of intertidal macrophytes for

setting mitigation requirements will be evaluated.

Macrophyte distributions were mapped in the field and their areal

extent was estimated. From quantitative samples, mean biomass was cal-

culated and both total macrophyte biomass and productivity at the site

were estimated. These biomass data are compared with similar ones found

in the literature.
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Methods

Intertidal marine macrophytes were mapped and sampled at low tide on

June 23-24 and July 19-20, 1978. This may have been before the yearly

maximum in plant biomass was reached, as this maximum is generally

reached in July, August or September in Yaquina Bay, Oregon (Thum, 1972)

and other temperate climate locations (Conover, 1958). The estimates

given here are therefore conservative.

The major macrophyte assemblages at the study site were discontinu-

ously distributed and consisted of high intertidal filamentous algal

mats, mid-tidal loose mats of large algae and lower tide level eelgrass

beds. A small area of scattered clumps of marsh vegetation was also

present; such clumps were avoided in this sampling and were the object

of a separate study reported elsewhere by Taylor and Frenkel. Bare areas

of mud and sand were covered with a diatom slick which also was not studied,

Throughout the study site, tidal heights had been determined by

surveying methods and tidal height intervals of one foot increments

extensively marked with labelled stakes. It was thus possible, in the

field, to accurately map the plant type, horizontal extent and tidal

height of macrophyte distributions on a contoured areal photograph of

the site. The tidal heights and locations where quantitative macrophyte

samples were taken were similarly determined and recorded.

Sixty-three quantitative, 0.1 m2 quadrat samples were distributed

throughout the study site on the basis of tidal height and macrophyte

assemblage type. Samples were allocated to the three major types of

macrophyte assemblages, and hence tidal zones, approximately equally on

the basis of total area of the types present. The distribution of the

samples within the three zones (above 5 feet, 5 to 2 feet, below 2 feet)
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Table 9. Macrophyte sample distribution.

Number of samples in Total Total Sampling
Tidal Eelgrass Enteromorpha Vaucheria area sample intensity
zone bed mat mat (m2) number (m2/sample)

>+5 0 2 1
+6 to +5 0 4 8 12,106 15 800

+5 to +4 0 6 4
+4 to +3 0 5 0
+3 to +2 0 0 0 10,561 15 700

+2 to +1 4 0 0

+1 to +0 3 0 0

+l to -1 8 0 0
-1 to -2 4 0 0

<+1 14 0 0 33,953 33 1,000

Totals 33 17 13 56,620 63

and three plant assemblage types is given in Table 9, and their distri-

bution within the study site in Figure 11. Within the study site, only

the macrophyte-covered intertidal areas on the south and east sides of

the larger spoils island were sampled; subtidal samples were not taken.

The area of tideflat sampled included portions outside as well as within

the boundaries of some of the sampling areas designated in Figure 2. The

total extent of the macrophyte-containing intertidal area which was

directly sampled was about 57,000 m2 and total estimates are given for

this area only. The quantitative estimates do not include the algal mat

and eelgrass beds shown in association with sampling areas A and B in

Figure 11.

Since their distributions were variable, areas of each distinct

type of plant assemblage were identified for mapping and their areal

extent measured with a surveyors tape in the field. Tidal heights were

noted, using the identified tidal heights for reference. Within each

area where dimensions were measured, the percentage of surface area bare



Figure 11. Distribution of intertidal macrophytes at the North Bend Airport
study in and around the sampling areas only.
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of any plant cover was estimated by inspection. Within each tidal zone,

random quantitative sampling was done in the largest patches of complete

plant cover available, at roughly one foot tidal height intervals. In

later calculations of total biomass, the percent cover estimates were

used to make adjustments for the incomplete plant cover within entire

areas. Sampling points were located by tossing a 0.1 m2 square quadrat

frame blindly within areas of complete cover and taking the samples

where it landed.

In eelgrass bed areas, the samples included Zostera leaves, roots

and rhizomes and the associated green algae as well as any epiphytic

algae on the Zostera leaves. Only Zostera rooted within the quadrat was

taken; leaves lying within the quadrat but not rooted there were moved

aside before the sample was removed. An effort was made to sample all

roots associated with leaves emerging within the quadrat. Zostera

roots and rhizomes originating within the quadrat and extending outside

it were sampled outside the quadrat to half the distance to the nearest

turion emerging outside the quadrat. In all later disucssion, "eelgrass

sample" refers to Zostera and associated green algae and "Zostera sample"

refers only to Zostera roots and leaves.

In sampling all algal mats and the algae present within the eelgrass

bed quadrats, a cut was made along the quadrat boundaries and the algae

removed. In some areas the tangled algal mat-sediment complex removed

was one to three centimeters thick when compressed. When the Vaucheria

mat in higher areas was removed, a significant amount of surface sediment

was included, tightly bound in the lower part of the compact mat of

interwoven fine filaments.
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All plants samples were washed briefly in the field and placed in

10% formalin in sea water. Samples were stored in the dark at 10°C until.

processed, no longer than 10 days after collection. Preserved samples

were washed on a sieve to remove sediment, detrital debris and animals.

Filamentous algal mats could not be adequately cleaned of sediment,

necessitating ashing and back calculation of sediment free weights. Each

sample was sorted in water to species as much as possible and the species

identified as far as the material permitted. Each species separated was

then treated as a separate component or subsample. It was not possible

to separate all filamentous algae completely and algal epiphytes on

Zostera blades were not entirely removed. To permit interconversion of

the biomass of different plant types, the following weights were obtained

for each sample and its separable components: wet, dry and ash-free dry

weight. After sorting, the fraction of each species was squeezed of

excess water and a wet weight determined for each. Sample components

were then dried at 90°C for 6 to 10 hours, until a constant weight was

attained. After these subsamples cooled in a desiccator, final dry weights

were obtained. Sample components were then placed in a muffle furnace

and the temperature raised slowly to 500°C over an 8 to 12 hour period.

Ashing continued until a constant weight was reached, usually within 24

to 48 hours total. Ash weights were determined after cooling the sam-

ples in a desiccator. Biomass was then expressed as the ash-free dry

weight (gAFDW/m2).
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Table 10. Macrophyte species list and distributions.

Tidal zone, feet
Macrophyte above or below MLLW

Enteromorpha spp. (all) -1 to +6

E. clathrata +2 to +4

E. linza +4 to +5

E. flexosa > +5

E. prolifera (?) < +2

Enteromorpha spp. < +2

Gracilaria verrucosa ti +3

Ulva sp. < +2

Vaucheria spp. +4.5 to +6

Zostera marina < +2

Results

The dominant macrophytes at the study site in early summer were

Zostera marina, Ulva sp., Enteromorpha spp., and Vaucheria spp. (Table

10). Identification to the species level was often not possible.

Vaucheria samples contained two growth forms which could not be identi-

fied to species because reproductive structures were not present. Ulva

was not identified to species because whole plants were not obtained.

A small amount of Gracilaria verrucosa was present in one sample. The

data for separate samples of Vaucheria spp. and samples of Enteromorpha

spp. were pooled in biomass estimates for each genus.

The distribution of macrophyte species (Table 10, Figure 11) shows

distinct zonation with respect to tidal height. Vaucheria spp. were

found as a compact mat between +5 and +6 above MLLW and as a luxuriant,

less compact mat of dark green filaments between +4.5 feet and +5 feet

above MLLW. Enteromorpha linza, a light green species, was found in
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mats forming horizontal bands at +4 and +5.3 in Area E and at +5 in Areas

F, GE, and GW. Enteromorpha clathrata formed a similar but green-brown

mat between +2 and +4 in Areas GE and F. An Ulva sp. was found below +2

and was also abundant in some eelgrass samples, as were Enteromorpha spp.,

including E. prolifera (?). Enteromorphoa flexosa was present above +5

in depressions retaining water at low tide.

The Zostera beds in Areas C, M and G exemplify the three environmental

conditions under which eelgrass beds are found at the study site. In Area

C, the eelgrass bed (type C) extends from the low intertidal to subtidal

depths as a horizontal strip along the island side of the channel between

the larger spoils island and the mainland. This eelgrass bed is exposed

to strong tidal currents and the slope drops off relatively rapidly. The

Zostera growth here was characterized by patchy but dense stands of the

longest Zostera found. In the large expanse of muddy flat between 0.0

and +1 foot tide levels, extending around Area M and the lower portions

of Areas E, F and G, the Zostera of the bed is sparse, with small plants

of fairly uniform density, and both Enteromorpha and Ulva are intermixed

with it, forming the type M eelgrass bed. Although the plant density is

sparse, Zostera and green algae in Area M are important to the total

biomass of the entire study site because the area of this type of eel-

grass bed is relatively large. A denser type of eelgrass bed (type G),

also growing on muddy sediments, extends west of Area G and south of its

lower border into subtidal depths and has abundant Enteromorpha and Ulva

within it. The distributions of the three eelgrass areas, the non-eelgrass

Enteromorpha mat and the Vaucheria mat are summarized in the estimates of

total coverage presented in Table 11.
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Table 11. Total coverage estimates.

Sampling Dominant
Extent of
total area

Total
coverage

area Tidal zone macrophyte Coverage (m2) (m2)

D <+2 Eelgrass 15 167 25
Betw.

C&D <+2 Eelgrass 55 488 268
CN <+2 Eelgrass 70 2555 1789
CS <+2 Eelgrass 40 2057 823

M <+2 Eelgrass 45 22300 10035

E +3 to +5 E. linza 55* 1670 919

+4.5 to +5 Vaucheria 90 325 293

+5 to +6 Vaucheria 90 845 761

F +3 to +4 E. clathrata 70 104 73

+4 to +5 Vaucheria 90 1254 1129

5 to +6 Vaucheria 90 2575 2318

GE** +2.2 to +4 E. clathrata 70 2600 1820

+4 to +5 Vaucheria 90 1280 1152

>+5 Vaucheria 90 3900 3510

+5 to +6 E. linza 75 1860 1395

GW +1.5 to +3 E. clathrata 50 930 465

+4.5 to +5 E. flexosa 30 406 122

+5 to +6 E. flexosa 30 696 209
+4 to +5 Vaucheria 50 715 358

>+5 Vaucheria 55 2230 1227

GO <+2 Eelgrass 75* 6386 4790

+4 to +4.5 Vaucheria 60 1277 766

Total (km2) 0.05662 0.046512

* Based on measurement using 10 cm grid, 1 m2.
**GE includes the area between F and GE.

%
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The proportions of water, organic and inorganic matter in each plant

type sampled are indicated by the dry weight/wet weight and AFDW/dry

weight ratios (Tables 12, 13). Zostera contained the largest proportion

of water, approximately 92%, while Vaucher.ia spp. contained the smallest,

about 62%, probably because of residual sediment. The Enteromorpha

species from eelgrass samples contained, proportionately, 9% more water

than the non-eelgrass Enteromorpha spp. higher in the intertidal. McRoy

and McMillan (1978) gave a dry:wet ratio of approximately 1:10 for Zostera,

corresponding to the estimate presented in Table 12. The strongly posi-

tive correlation coefficients (r) for dry weight/wet weight ratios found

for all plant types were surprising. Wet weights usually vary because of

the highly variable amount of water within and adherent to plants.

The AFDW/dry weight ratios (Table 13) express the proportion of the

dry weight which was organic matter. The Zostera sampled was 74% organic

matter, as compared to the 80% reported by McRoy and McMillan (1978).

Diva sp. had an organic content of 81%, the highest found. As expected

because of the residual sediment, Vaucheria spp. had the lowest propor-

tion, 15%. The low correlation coefficient (r = +0.33) of Vaucheria

spp. AFDW and dry weight was also due to the variable amount of sediment

in each sample. This amount was much more variable than the water con-

tent per sample. For all but the Vaucheria samples, the high correlations

and the small 95% confidence intervals indicate that the AFDW for such

samples may be calculated from dry weights, saving time and effort.

Because of the loss of some of the ashed samples before AFDW data was

obtained, the ratios calculated were applied to the known dry weights of

such samples to enlarge the AFDW data set used in the estimation of mean

biomass.
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Table 12. Dry weight/wet weight ratio estimates.

Number of 95% C.I.**
Macrophyte samples r* R=y/x (±)

Zostera: leaves 29 0.99 .0685 .0025

roots 27 0.97 .1058 .0075

total 29 0.97 .0756 .0050

Ulva sp. 22 0.88 .0794 .0113

Enteromorpha: EG*** 20 0.97 .0746 .0072

non-EG 15 0.96 .1675 .0143

total 35 0.88 .1297 .0193

Vaucheria 13 0.91 .3817 .0426

* r = correlation coefficient.

** 95% C.I. v(8), where z=1.645 and v(R) _

***EG refers to eelgrass bed samples.

J-nN
n x/2) (s2 + RY

- 2Rs X).x y

Table 13. AFDW/dry weight ratio estimates.

Number of 95% C.I.*
Macrophyte samples r* R=y/x (±)

Zostera: leaves 25 0.98 .7255 .0433

roots 24 1.00 .7815 .0277

total 33 0.99 .7352 .0331

Ulva sp. 19 0.97 .8086 .0537

Enteromorpha spp.: EG* 18 0.98 .6549 .0243

non-EG 16 0.92 .3566 .0352

total 34 0.88 .4348 .0578

Vaucheria 13 0.33 .1450 .0698

* As in Table 12.

=
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The macrophyte mean biomass estimates (Tables 14, 15) show that the

AFDW per m2 of Vaucheria mat was twice that of the eelgrass sample total

and non-eelgrass Enteromorpha mat and four times that of Zostera alone.

The sample maximum AFDW was of a Vaucheria mat sample with an AFDW of

73.92 g/0.1 m2 and the minimum was an eelgrass bed sample with an AFDW of

0.89 g/0.1 m2. The mean biomass estimates for the stands of Enteromorpha

mat are greater than those obtained for the eelgrass bed samples.

On the average, Zostera roots made up 34% of the total Zostera dry

weight biomass (computed from Table 16), and was 52% of the weight of the

leaves. The first is comparable to the 35% McRoy (1970) reported from

Alaska and between the 46% reported for shallow water and the 29% reported

for deep water Zostera in Netarts Bay (Stout, 1976). In taking eelgrass

samples to determine mean biomass, it is therefore important to sample

Zostera roots and, as will be shown, green algae along with the Zostera

leaves because of the significant contribution these components make to

the total biomass per sample from eelgrass beds.

The eelgrass mean biomass estimates (Tables 14 and 15) provide a

quantitative basis for distinguishing the three different types of eel-

grass beds. The maximum eelgrass sample AFDW measured was 20.06 g/0.1 m2

in area GO and the minimum was 0.89 g/0.1 m2 in Area M. The mean biomass

of eelgrass bed plants for Area M is one-half of that for Areas C and G

(Table 14) but Area M samples were not from areas of 100% coverage, as

the others were. A more useful comparison can be seen in Tables 15 and

17, narrowing the differences between areas but confirming the fact that

Area M was the least dense eelgrass area and Area G the densest. The

highest Zostera mean biomass, that of Area C, should be considered a

minimal estimate for the study site because subtidal plants, whose mean
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Table 14. Macrophyte biomass sample means

Sampling
Number

of
Dry weight

(g/m2)
AFDW

(g/m2)
Macrophyte area samples (s.d.) (s.d.)

Eelgrass bed, total C 12 113.06 (56.38) 81.54 (49.48)
plant material

M 10 64.93 (36.01) 48.87 (25.35)

G 11 124.87 (90.75) 88.08 (51.58)

Total 33 102.41 (68.45) 73.82 (46.45)

Zostera only C 12 101.37 (61.51) 73.49 (53.72)

M 10 29.88 (19.80) 22.14 (15.35)

G 11 37.09 (40.40) 27.63 (29.58)

Total 33 58.28 (54.99) 42.64 (43.56)

Green algae in eel- C 12 11.69 (15.27) 8.05 (11.02)

grass bed, total
M 10 35.05 (32.13) 26.73 (22.50)

G 11 87.78 (77.20) 60.45 (42.92)

Total 33 44.13 (57.12) 31.18 (35.51)

Enteromorpha mats E to GW 17 241.44 (149.48) 86.02 (55.16)

Vaucheria mats E to GW 13 1145.03 (653.22) 165.99 (181.81)

Table 15. AFDW biomass estimates: entire area.

ampling area acrophyte

Extent
of total

area
(m2)

Total
AFDW

biomass
(mt)*

Estimated
AFDW

biomass
(g/m2)

C + adjacent Eelgrass 5267 0.237 45.00

M + adjacent Eelgrass 22300 1.090 48.87

G + adjacent Eelgrass 6386 0.422 66.08

E, F, G + adjacent Enteromorpha mat 8266 0.430 52.02

E, F, G + adjacent Vaucheria mat 14401 1.911 132.70

Totals 56620 4.090 72.24

*From Table 1
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Table 16. Zostera roots/leaves ratio estimates.

Number of 95% C.I.*
Weight samples r* R=y/x (±)

Wet 27 0.90 .3357 .0409

Dry 29 0.90 .5223 .0242

AFDW 28 0.93 .5476 .0595

* As in Table 12.

Table 17. Biomass dry weight estimates over the entire study site for
Zostera alone.

Dry Total Total bio- Total areal Dry weight
Eelgrass weight coverage mass dry extent entire area

type (g/m2)* (km2) (mt) (m2) (g/m2)

C 101.37 0.002905 0.295 5267 55.91

M 29.88 0.022300 0.666 22300 29.88

G 37.09 0.004790 0.178 6386 27.82

Total 0.029995 1.139 33953 33.55**

* As in Table 14.

**With weighted mean.

Table 18. Eelgrass sample composition: mean dry
weight (g/m2) of samples taken 19 July 1978.

C* M* G* Total
Macrophyte (7) (4) (6) (17)

Zostera: leaves 61.8 15.7 18.8 35.8

roots 32.4 7.7 8.3 18.1

Ulva sp. 2.2 17.7 25.3 14.0

Enteromorpha 12.5 41.8 109.8 53.8

Total 108.9 82.9 162.2 121.7

*Eelgrass bed type (number of samples).
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biomass is the greatest (Keller and Harris, 1966), were present but not

sampled.

About 70% of the weight of the Area G eelgrass samples (Table 14)

was green algae, whereas that of Area M was 55% and that of Area C was

10% (Table 14). This basic difference between eelgrass areas is further

shown in Table 18, which presents the Ulva and Enteromorpha components

of the eelgrass beds separately. Enteromorpha spp. were the major green

algae in all three eelgrass beds. Even with the inclusion of green

algae and Zostera roots, eelgrass beds have the lowest mean biomass of

all the plant associations and tidal heights sampled.

Estimates of total biomass at the study site are presented in Tables

19 and 20. The biomass totals in the two tables are not equal because of

different mean biomass weightings for the same amount of total coverage.

There was a macrophyte standing stock of at least 3.8 to 4.1 metric tons

in an area of 0.057 km2 in early summer or 66.7-71.9 metric tons AFDW/km2.

This total is the estimate of the maximum mean AFDW biomass at the site.

Of this total, about 50% was organic matter from Vaucheria mat area, 40%

from eelgrass beds and 10% from non-eelgrass bed Enteromorpha mats.

The comparison of total biomass by tidal zone (Table 20) indicates

that mean biomass decreased with lower tidal zone. The sample mean AFDW

biomass for the zone +2 of 58.31 g/m2 (Table 20) was back calculated by

estimating total eelgrass sample biomass using weighted averages and then

dividing by the total eelgrass coverage estimate. Macrophyte total cover-

age is greatest at lower tidal levels, 65% of the total coverage is below

+2 feet in the eelgrass beds, but despite its large total areal extent

this tidal level has only half the mean biomass of the other areas. The

relatively large amount of variability in the +2 to +5 zone and in the
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Table 19. Total macrophyte AFDW biomass at study site by plant type.

Sample mean AFDW Total Total AFDW
biomass (g/m ) coverage biomass 95%

Macrophyte n x (s.d.) (km2) (mt) C.I.*

C eelgrass 12 81.55 (49.98) .002905 0.237 0.082

M eelgrass 10 48.87 (25.35) .022300 1.090 0.350

G eelgrass 11 88.08 (51.58) .004790 0.422 0.146

Enteromorpha mat 17 86.02 (55.16) .005003 0.430 0.131

Vaucheria mat 13 165.99 (181.81) .011514 1.911 1.137

Total .040937 4.090

*95% C.I. = tNs(l-n/N)2(n)sk, where t = 1.96, N = area of total coverage,
n = number of samples, and s = standard deviation.

Table 20. Total macrophyte AFDW biomass at study site by tidal zone.

Sample mean AFDW Total Total AFDW
Tidal biomass (g/m2) coverage biomass 95% C.I.*
zone n x (s.d.) (km2) (mt) (±)

+5 15 135.39 (47.61) .009420 1.275 0.227

+5 to +2 15 105.96 (180.12) .007097 0.752 0.646
S +2 33 58.31** (N/A) .029995 1.749 N/A

* 95% confidence interval calculation as in Table 11.

**Weighted mean because type M eelgrass not sampled in places of 100%
coverage.
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Vaucheria data in Table 19 resulted from pooling the two different

types of Vaucheria,higher mats with a high AFDW and a filamentous form

with low AFDW from below the +5 foot level.

The correlation of tidal height and total sample AFDW biomass for 63

samples is low (r = +0.182) because there are samples with large and small

biomass weights at most tide levels. All tide levels made significant

contributions to the total biomass at the site.

Assuming annual primary production is two to three times the maximum

mean AFDW biomass, the productivity of the study site as a whole would be

140-210 g AFDW/m2-yr. To convert g AFDW/m2-yr to g Carbon/m2-day the

following equation was solved:

(140 - 210 gAFDW ) 1 yr (2.5 g dry) (.34C)
=

(0.33 - 0.49 C )m -yr 365 days g AFDW g dry m -day

2.55 dry/g AFDW is the reciprocal of the weighted average of the AFDW/dry

weight ratio estimates in Table 11 for Zostera total, Enteromorpha mat,

and Vaucheria mat. The value of .34 g C/g dry pertains to Zostera (McRoy,

1970), but is here used for all macrophytes.

Similar annual production calculations for Zostera give a range of

60 - 90 g dry/m2-yr or 0.05-0.09 g C/m2-yr. When this productivity range

is compared with others found in the literature (Table 21), the study

site appears to be much less productive of Zostera than other west coast

estuaries. However, when all plants are considered, the total macrophytic

biomass estimate for 0.057 km2 of the Coos Bay intertidal study area in

early summer is at least 3.8 to 4.1 metric tons AFDW.



61

Table 21. Comparisons of mean biomass of Zostera biomass in
the United States during the growing season (modi-
fied from Stout, 1976).

Location Biomass (g dry/m2) Reference

Alaska
Izembek Lagoon 186-324 McRoy (1970)

California Keller (1963), cited
Humboldt Bay 12-421 in Stout (1976)

Oregon
Netarts Bay 288-467 Stout (1976)

Oregon
Coos Bay near
North Bend Airport 22-56 This study

Massachusetts
Great Pond 5-29 Conover (1958)

Discussion

Algal biomass and production is probably underestimated in this

study, partly because of the relatively early period in the production

season when samples were taken and partly because, unlike eelgrass, sig-

nificant portions of the annual production of algae are transported

away from the site continually. Enteromorpha and Ulva are fragile and

only loosely attached to the substrate and to eelgrass; currents and

waves continually removed some part of the algal mat with every tidal

change during the period of field observation.

Few estuarine animals directly consume these macrophytes in situ

while the plants are alive. Macrophyte production enters the estuarine

food web after transport of portions to other regions of the estuary.

The maximal input of intertidal macrophyte detritus into the estuarine

ecosystem is highly season (Figure 12). Following the mid-summer and

early fall period of peak standing crop, algal mats die, decompose and
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are widely dispersed, while eelgrass undergoes similar seasonal regres-

sion, with all the leaves of most turions shed entirely.

Virtually all of the annual production of both macroalgae and eel-

grass directly enters the detrital based food web in the same year it is

produced. In contrast, it is thought that only about half of the high

annual production of marsh macrophytes leaves the marsh to enter the

estuarine detrital system, even though these plants also seasonally die

back. Recent work has cast doubt that even this proportion of annual

marsh production enters the estuarine detrital supply. Thus, algal mats

and eelgrass beds could make the same per unit area contribution of detri-

tus as do marsh plants, with only half their annual production rate.

Their annual rates are, however, probably more nearly equal to those of

the marsh macrophytes.

The dispersion of all types of estuarine intertidal macrophyte

material is wide. Plant parts float away, decompose in the water column,

sink and decompose in the bottom of deep subtidal areas and are carried

by tidal currents out to sea where similar degradation takes place.

Detritus so derived can thus enter both midwater and benthic food webs.

Estuarine benthic food webs are based on detrital energy sources, unlike

midwater food chains which are primarily based on direct plant consump-

tion as well as suspended detritus. The benthic detritus-utilizing

community of intertidal areas is linked to the rest of the estuarine

system by serving as food for bottom feeding motile species of fish and

larger invertebrates such as crabs and shrimp. Because the dispersion

of benthic intertidal macrophyte detritus is so wide and by so many

routes, it is not possible to quantitatively evaluate the relative role
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that the estimated macrophyte production at the study site plays in the

Coos Bay estuarine ecosystem.

The data do demonstrate that intertidal algal mats and eelgrass beds

at the study site deliver comparable amounts of plant material per unit

of production area into the Coos Bay ecosystem as detritus. Large

intertidal areas supporting this type of macrophyte production are

characteristic of Oregon estuaries. No plant species or tidal level

clearly dominates this contribution and both muddy and sandy intertidal

areas, at virtually all tide levels, are highly productive of macrophytes.

The mixed species algal mats of high and mid-tidal levels of muddy flats

in low current velocity regions may greatly outproduce adjacent eelgrass

beds on a per unit area basis as well as on a total area basis, a situa-

tion not appreciated in Oregon estuaries before this study and that of

Bayer (1979) (Table 22). In making quantitative estimates of development

site features whose loss to the estuarine system requires mitigation to

prevent total system degradation, algal mat production must be considered

one of the major intertidal ecological features of general ecosystem

importance.

Based on the results of this study, the following minimal informa-

tion on intertidal macrophytes at development sites and in the vicinity

of proposed mitigation sites would be useful in assessing their impor-

tance and specifying mitigation requirements.

(1) The dominant macrophytes, identified at least to genus, in the prin-

cipal macrophyte assemblages present, so that the plant types are

known and species-specific production rates can be used if they are

available.
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Table 22. Mean dry weight of Zostera marina and a mixed green algal mat
(Ulva and Cladophora spp.) from lower Yaquina Bay, Oregon in
September, 1975 (adapted from Bayer, 1979, in press).

Tidal elevation (ft.) Biomass, mean dry weight (g/0.1 m2)
relative to MLLW Z. marina Green algae Total

+1.13 0 0 0

+0.82 0.6 0.3 0.9

+0.52 6.5 30.4 36.9

+0.16 5.4 6.5 12.1

-0.24 17.9 1.3 19.3

(2) Maps of the site giving the intertidal distribution of each plant

type and an estimate of its seasonal maximum areal extent, so that

total biomass and annual production estimates can be made for tidal

height increments in each discernible subdivision of the site.

(3) Quantitative macrophyte samples, approximately one per 1000 m2 should

be taken in summer. Biomass estimation from samples should be

expressed as ash-free dry weight for algal mat samples and in either

dry weight or AFDW for Zostera, to facilitate comparisons with other

places.

The plant biomass data gathered by Frenkel and Taylor (1979) on the

Joe Ney Slough study sites and that for the North Bend Airport site repor-

ted here can be compared to assess the effect of returning the Joe Ney

Slough diked lands to tidal influence in mitigation for the loss of macro-

phyte production at the airport site.
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Undiking the Joe Ney Slough diked area would return to tidal influ-

ence 26.5 hectares or 65.4 acres which would subsequently revert in time

to tideflat and salt marsh habitats. Table 23 gives the estimated area

returned at each increment in tidal height. Of this total, 3.3 ha fall

below +1.4 m (+4.6 feet) above MLLW and consequently will revert to tidal

mudflat. Since this level in upper Joe Ney Slough supports little macro-

phyte production and the area returned at this level is only 13 percent

of the total, no estimate for its macrophyte production will be made.

Table 24 presents the estimated existing and returned areal macro-

phyte biomass for the Airport site, Joe Ney Slough natural marsh control

area and the proposed Joe Ney Slough mitigation site, diked and undiked.

The natural salt marsh has a substantially higher standing crop per

square meter than the diked off area adjacent to it, and this is also

higher than that of the North Bend Airport impact site. The plant bio-

mass yield per hectare of the diked land is estimated to increase 4.4

times above its present level after reversion to salt marsh. After

undiking, the reestablished salt marsh would yield an estimated total

annual peak standing crop of 301 metric tons dry weight. The major ques-

tions to be resolved are: how much of this would leave the marsh to

enter the rest of the estuarine system, and to what degree would it

replace the macrophyte input from the airport site.

The estimated total annual plant biomass that would be produced in

a reestablished Joe Ney Slough salt marsh is about 10 times that estimated

for the airport impact site under the following assumptions. The annual

production in the marsh is taken to be equal to the summer maximum stand-

ing stock, and the annual production of both Zostera and macroalgae are

taken to be 2.5 times the measured standing stock, a conservative figure,
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Table 23. Area at different tidal levels in diked-off arm of Joe Ney
Slough.

Height above MLLW Area

cm ft m ft2 Acres

120 or below 3.9 or below 14,106 151,781 3.5

120 to 160 3.9 to 5.2 59.065 635,539 14.6

160 to 200 5.2 to 6.6 152,944 1,645,677 37.8

200 to 240 6.6 to 7.9 214,649 2,309,623 53.0

240 to 280 7.9 to 9.2 230,769 2,483,074 57.0

Table 24. Macrophyte biomass comparisons between the North Bend Air-
port fill site and the Joe Ney Slough mitigation site.

Total
area

Plant biomass
sample mean

Estimated
biomass

Total est. max.
standing stock

Site (ha) (g dry wt/m2) (mt dry/ha) (mt dry)

Joe Ney
control
marsh 0.26 1225 12.33.20
Joe Ney
mitigation
site, diked 26.47 282 2.8 74.12

Joe Ney
mitigation
site, undiked 24.47 1225 12.3 300.98

North Bend
apt. fill
site 5.7 180 1.8 10.26*

* Converted by 2.55 g dry wt/l g AFDW, including 0.06 mt dry weight of
Salicornia marsh plant community at Airport site.
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particularly for the macroalgae. However, this does not resolve the

question of detrital export to the estuary from these two places. There

is no serious doubt that the annual production of Zostera leaves and all

of the macroalgae of the tide flats enters the estuarine detrital supply.

They are totally submerged most of the time and large amounts of

both are commonly seen rafted about in Oregon estuaries in the late

summer and fall after dieback. Only about 9% of the total annual plant

production of the marsh would be required to be exported as detritus to

equal the airport site contribution, so that the loss could be balanced

by the gain elsewhere. However, it is not clear that this would be

achieved by the Joe Ney Slough marsh restoration.

Early work on the export of marsh plant detritus to the estuary and

its importance in detritus based food webs indicated that these food webs

were primarily based on the influx of detritus from the bordering marshes

(reviewed in Odom and Heald, 1975). The annual net production of marsh

plants was known to be very high and indirect evidence at the time

indicated that from 21% to 45% of this plant production was exported

from the marsh to the open estuarine waters (Teal, 1962; de la Cruz,

1965). Since that time a growing number of studies have cast doubt on

this interpretation, and new estimates, based on more direct evidence

indicate that a much smaller proportion of marsh production in some cases

and essentially none in others is exported (Haines, 1976a,b, 1977, 1978;

Axelrad et al., 1976; Heinle and Flemer, 1976; Nixon and Oviatt, 1973;

reviewed in Correll, 1978). All of this work has been done on Atlantic

Coast salt marshes which extend well into the mid-tidal levels, unlike

Pacific Coast marshes which are in the high tide levels and are inundated

less frequently. It is likely, from the work done elsewhere, that the
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fraction of marsh production exported from Pacific Coast marshes is small

and perhaps negligible.

Eelgrass and benthic macroalgal production then assume a greater

relative importance in estuarine productivity, as does phytoplankton

productivity over tidelands at high tide states. The latter was not

estimated for either the Airport site or Joe Ney Slough. If the unit

area of phytoplankton productivity of the two are taken to be equal,

their annual net phytoplankton production would probably also be equal,

since the annual acre-days of submergence of the two sites are approxi-

mately equal. If about 10% of the predicted annual marsh plant produc-

tion at the Joe Ney Slough mitigation site were exported, then the loss and

gain at the two sites would be in approximate balance with respect to

total benthic and planktonic plant production, despite the much higher

marsh macrophyte production. ,

An important lesson for determining adequate area replacement in

mitigation decisions emerges. Restoration of salt marshes to estuaries

is important for reasons relating to retaining maximum habitat diversity

in Oregon estuaries and for natural values intrinsic to this habitat

type, but not because they necessarily make significant contributions

to the food supply in the estuary. Creation of salt marshes at the

expense of tidelands in Oregon estuaries would almost certainly result

in a net loss of both specific habitat and net primary productivity in

the estuaries. A more general lesson is also apparent; policies for

natural resource management and planning, including mitigation require-

ments, should be based as little as possible on prevailing scientific

theory which has not been verified by detailed work on the local resources.
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The Intertidal Infauna at the North Bend Airport Site

Rationale of the Study Design

The infauna of the case study site was investigated in detail in order

to provide data on the nature of spatial variation in species and numbers

of animals at the site. An analysis of such variation is important in

evaluating the mitigation requirement and its guidelines. Questions in-

volving implementation of the requirement and application of the guidelines

require that the degree of biological variation at a development site be

known for use in setting realistic specifications for mitigation site.

characteristics, in establishing criteria for selection of a mitigation

site, and in evaluating the adequacy of a mitigation action. Because of

this, the infauna study was designed to permit comparisons between differ-

ent regions of the site and between different tidal heights both within

and between regions, The: sampling design used thus incorporated double

stratification.

The division of the site into separate sampling areas was based on as

few assumptions of within-site homogenity as possible; almost the entire

intertidal of the proposed development site was included within a mosaic

of designated sampling areas. The site was divided into sampling areas

(A, B, C, D, E, F, G, M; Figure 2), some of which were then further sub

divided on the basis of apparent visual differences in gross-sediment

character, evident exposure to current flow and biota. The boundaries of

each were placed so as to include as homogenous an area as possible in the

horizontal direction parallel to the shore line, with respect to these

intervals as described previously. The hypothesis being tested was

characteristics, and each area was stratified at one foot tidal height

that
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each area is distinguishable quantitatively, and the design provided for

testing homogeneity of biological and physical variables within and between

areas, both horizontally and vertically with tidal height. Both sam-

pling areas and individual strata of the same tidal height can be used

independently as units in comparisons. This avoids confounding differ-

ences between areas because of the within-area variability due to tidal

height.

Quantitative sampling within the sampling areas was by a stratified

design with randomized sampling points within each stratum or within com-

bined strata. The dimensions of the strata boundaries were used for random

point location by the rectangular coordinate method. An attempt was made

to sample with sufficient intensity to thoroughly characterize the entire

site and its variability, both qualitatively and quantitatively. The

resulting data were intended for use in determining the minimum informa-

tion required to adequately represent a development or mitigation site when

making comparisons for the purpose of determining the kind and quantity of

mitigation site needed to meet the guideline requirements. Because the

distribution, abundances, and body sizes of infaunal animals all show

species differences. two types of quantitative samples which differed in

dimensions were taken to attempt to quantify the larger species as accurate-

ly as possible. In addition, non-quantitative but systematic sampling was

carried out in the field to examine the differences in estimates of spatial

distribution which might result from data obtained from quantitative sam-

ples at a limited number of randomly located points and data obtained from

visual inspection of many more non-quantitative samples covering the same

area. Data from infaunal sampling were used to determine correlations be-

tween species, abundances and physical environmental variables, to delineate

habitat types, and to analyze the structure of the infaunal community.
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Sampling Methods for Infauna

Most of the infaunal species in intertidal sediments are relatively-

small animals. Previous experience in Oregon estuaries indicated that

most of these are adequately sampled by a 15 cm diameter corer. Most of

the infaunal samples were taken with a 15 cm internal diameter metal coring

tube to a depth of 20 cm in the sediment. The number of these samples

taken within each sampling area and within each tidal stratum is given in

Table 25 and the actual locations of the random points sampled are indi-

cated in Figures 3 and 4. Each 15 cm core sample was placed in a heavy

plastic bag as soon as it was removed and a volume of concentrated formalin

injected into the sediment in the bag so that a 4% solution resulted when

the formalin was thoroughly mixed with the pore water contained in the

sediment sample. The bags were then sealed: and the contents thoroughly

mixed immediately to preserve the infaunal aminals. Later, each preserved

sediment sample was gently washed on a 0.5 mm mesh screen with tap water

to remove the sediment particles. The animals and debris retained on the

0.5 mm sieve were then placed in containers in alcohol to await sorting,

identification and enumeration. For analysis of the larger species of

infauna, all bivalves and crustacea larger than 2 mm in the longest dimen-

sion were removed from all of the 15 cm core samples, identified and separ-

ately enumerated. These data were used with those from the 0.25 m2 quadrat

samples to analyze variation in abundance of bivalves and crustacea at the

site. The remaining small infauna was analyzed most intensely for samples

from the contrasting sampling Areas C and G.

Larger macroinfauna, because of size, distribution and abundance

characteristics, was not well sampled by the number of 15 cm diameter core
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Table 25.. Distribution of 15 cm diameter core
samples by tidal height and sampling
area.

Stratum
Area
(m2)

Area
(ft2)

Number
of samples

+7 to +6 7,951 85,588 22

+6 to +5 18,282 207,562 51

+5 to +4 14,242 153,300 42

+4 to +3 10,354 111,450 32

+3 to +2 15,163 163,218 45

+2 to +1 8,054 86,700 31

+1 to 0 6,659 71,675 20

0 to -1 4,722 50,825 12

-1 to -2 2,508 27,000 8

Total 88,935 957,318 263

Sampling
area

A 3,233 34,800 21

B 16,279 175,230 43

C 21,000 226,050 65

D 8,207 88,338 25

E 7,887 84,900 24

F 6,626 71,325 18

G 21,058 226,675 53

GO 1,858 20,000 6

M 2,787 30,000 8

Total 88,935 957,318 263
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samples. Some of these, like the sand or ghost shrimp Callianassa

californiensis, which are relatively abundant and widespread at the site,

are undoubtedly ecologically important components of the benthic fauna.

Because of the depth of Callianassa burrows, the 20 cm deep core samples

did not adequately sample this large species or missed it entirely. Other

large animals present at the site potentially could be taken

in the 15 cm cores. Examples are the polychaete worm Arenicola sp. and

the soft shell clam, NI arenaria. However, they were either too sparse

in their density or too patchy in their distribution to be sampled by the

number of 15 cm cores which could be feasably taken in each stratum at the

site.

An attempt was made to secure an adequate number of quantitative sam-

ples whose dimensions would be large enough to represent the numbers and

distribution of larger species better than the 15 cm core samples. Large,

ecologically significant infaunal species may be important in assessing

the mitigation requirements of. development sites similar to the Airport

site, but may be missed or poorly represented in a typical sampling pro-

gram, such as that with the 15 cm cores. Larger samples were thus taken

to determine how well the large fauna had been sampled by the 15 cm cores.

The large samples were also used to evaluate whether the gain in quantita-

tive information from larger samples was commensurate with the great

effort required to secure samples sufficiently large and deep-to improve

the quantitative data to be used in a development site mitigation assess-

ment.

A quadrat sample 0.25 m2 in area, 0.5 m on aside and 0.5 m deep was

.selected as the largest size of sample which could be taken successfully.

The initial number of 0.25 m2 samples to be taken was an estimate of the
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number a four-man team could successfully secure at low tide on three

successive days. The sample points were located initially by randomizing

within two-foot tidal height increments in the sampling areas. When it

became apparent that it was possible to take more samples than anticipated

in the allotted time, an effort was made to take at least one large sample

within each one foot tidal height stratum below +2 feet in each sampling

area. The lower tidal levels were sampled more intensively because it

was expected that the majority of the larger macroinfauna, especially the

bivalves, would be found there. The distribution of the 0.25 m2 samples

taken on May 21-23, 1978 is shown in Figures 3 and 4 and their tidal

heights and areal distributions are given in Table 26.

At randomly located points within a stratum, a 0.25 m2 caisson. was

set as deeply as possible and the sediment was then quickly dug out manu-

ally to the 0.5 m depth of the caisson. The sediment was usually saturated

with water before the 0.5 m depth was reached, so the sediment was removed

Table 26. Distribution of 0.25 m2 quadrat samples for large macroinfauna.

Area
Number

of

Sampling intensity by tidal
height increment (m2 per sample)

Stratum (m2) samples 1 ft 2 ft

+7 to +6 7,951 0 NA N/A

+6 to +5 19,283 4 4,821 8,295*

+5 to +4 14,242 1 14,242

+4 to +3 10,354 6 1,726

+3 to +2 15,163 6 2,527
2,126

+2 to +1 8,054 9 895

+1 to 0 6,657 4 1,664
1,132

0 to -1 4,722 4 1,181

-1 to -2 2,508 3 836
1,033

88, 934 37 2,404

* Sampling intensity by 3 ft tidal height increment.
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in buckets until the desired 0.125 m3 volume, representing the 0.5 m depth,

was obtained. The material from the 0.25 m2 samples was sieved immediately

at the site through a 1.6 mm mesh sieve and preserved in 4% formalin in

sea water for later processing.

After the sampling areas were established and marked at one foot

tidal levels, the distributions of the more common larger infaunal species

were determined by systematically taking non-quantative samples throughout

the site. Most of these were taken as line transects extending from the

upper to the lower tidal height boundaries of the sampling areas. The 15

cm coring tube was used in sandier areas, and inserted 75 cm into the

substrate. At other areas, holes were dug with a shovel. In all places

away from the line transects where burrows were evident on the surface,

deep cores were taken or holes were dug. The species found were identi-

fied in the field and their presence immediately marked on copies of a

contoured aerial photograph of the site. The distributional maps obtained

were then compared to the distributions as indicated from the results of

the randomized quantitative sampling. The distributions of the more abun-

dant species found are given in the figures: Macoma nasuta, Figure 13;

Mya arenaria, Figure 14; Callianassa californiensis, Figure 15; and Upogebia

pugettensis, Figure 16.

The results from sample analysis of the large and small samples will

be presented in several ways. The best quantification of large species

was obtained for bivalve molluscs and for small juveniles of the commer-

cial crab, Cancer magister; the distributions and abundances of these

species throughout the study site will be analyzed in detail. The presence,

abundance and community structure of the infaunal community, largely con-

sisting of smaller species, will be described using the data derived from

the core samples from sampling Areas C and G.
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Figure 16. Distribution of Upogebia pugettensis at the study site.
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Results

General Features of the Distribution of Bivalves at the Study Site

The distribution and sample mean abundances for the eight bivalve

species found in the 0.25 m2 quadrat samples are presented in Table 27. and

summarized in Tables 28 and 29. The samples were combined by 2 foot incre-

ments of tidal height in order to reduce some of the variation associated

with the smaller number of samples per one foot increment, especially for

the less abundant species. Additional analysis will be presented for the

more abundant species separately.

Quantitative data on the relatively uncommon but commercially and

recreationally important clam species Mya arenaria (softshell clam),

Clinocardium nuttalli (basket cockel), and Tresus capax (gaper clam) are

presented in Tables 27, 28 and 29 only. A map of the distribution of Mya

arenaria is given in Figure 14. Clinocardium and Tresus were found in

lower intertidal areas while Mya arenaria was found higher, only above +4

feet in the quadrat samples, and was clearly not sampled adequately. Tresus

capax was so rare in the samples that it represents less than 0.1% (0% when

rounded) of the total number of clams in samples taken at or below the

level where it was found. Clinocardium, Tresus and Mya arenaria are much

larger than individuals of the more abundant species, but in the sampling

areas, their biomass as a whole is still much less than that of the more

abundant species. These three bivalve species are of commercial and

recreational importance in Oregon, but they are not as ecologically impor-

tant at the North Bend Airport site as the more common, smaller bivalve

species.

Cryptomya californica and Macoma nasuta were the numerically dominant
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Table 27. Bivalve sample mean abundances by 2 foot tidal range; 0.25 m2
quadrat samples pooled for entire study site.

Tidal range
?+4 +4 to +2 +2 to 0 SO

Bivalve Statistic n = 5 n = 12 n = 13 n = 7 Totals

Macoma mean 0.20 6.25 3.69 3.00 3.92

balthica s.d. 0.45 10.81 5.19 2.08 7.03

total no. 1 75 48 21 145

Macoma mean 0.40 5.17 29.62 39.43 19.60
nasuta s.d. 0.89 6.91 30.70 35.43 28.11

total no. 2 62 385 276 725

Macoma mean 1.70 0.32
inquinata s.d. 0 0 0 4.11 1.81

total no. 12 12

Macoma sp. mean 0.80 5.58 7.77 4.29 5.46
(unidentified s.d. 1.79 10.25 9.65 5.28 8.56
small indivi- total no. 4 67 101 30 202

duals)

Cryptomya mean 7.60 48.42 52.54 30.57 40.97

californica s.d. 14.29 74.37 63.81 41.17 59.96

total no. 38 581 683 214 1516

Mya arenaria mean 0.20 1.17 0 0 0.41
s.d. 0.45 1.59 0 0 1.04

total no. 1 14 15

Tresus capax mean 0 0.14 0.22

s.d. 0 0 0 0.38 0.48

total no. 0 1 8

Clinocardium mean 0.08 0.15 0.71 0.03

nuttalli s.d. 0 0.29 0.36 0.76 0.16

total no. 1 2 5 1

Totals mean 9.2 66.66 94.15 79.85

s.d. 17.30 81.09 60.90 54.48
total no. 46 800 1224 559

0 0 0

0 0 0

0 0

0 0

0 0

0

0
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Table 28. Relative abundance of bivalve species from 0.25 m2 samples, in
2 foot tidal height increments, expressed as percentages of
the total for each species.

Bivalve 5+4 +4 to +2 +2 to 0 2:0 Total

Macoma balthica 1 52 33 14 100

Macoma nasuta 0 9 53 38 100

Macoma inquinata 0 0 0 100 100

Macoma sp. (juveniles) 2 33 50 15 100

Cryptomya californica 3 38 45 14 100

Mya arenaria 7 93 0 0 100

Tresus capax 0 0 0 100; 100

Clinocardium nuttalli 0 13 25 62 100

Table 29. Relative abundances of bivalve species from 0.25 m2 quadrat
samples, expressed as percentages of the total bivalve number
for each 2 foot tidal height increment.

Z+4 +4 to +2 +2 to +0 0

Macoma balthica 2 9 4 4

Macoma nasuta 4 8 32 49

Macoma inquinata 0 0 0 2

Macoma sp. 9 8 8 5

Cryptomya californica 83 73 56 39

M arenaria 2 2 0 0

Tresus capax 0 0 0 0

Clinocardium nuttalli 0 0 0 1

Total 100 100 100 100
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bivalves at the study site (Tables 27 and 29). C. californica dominated

the samples from the +4 to +2 foot tidal increment and only in the height

increment below 0 feet is it outnumbered by another bivalve, M. nasuta.

Only Macoma balthica approached the two most numerous bivalves in density.

The greatest numbers of bivalves were found in the lower intertidal

regions (Tables 27 and 28). Of the total number of bivalve individuals

enumerated, 68% were found below +2 feet, including 91% of the M. nasuta

and 59% of the C. californica individuals. Intertidal height is thus

related to both the qualitative and the quantitative composition of the

bivalve fauna at the study site.

Analysis of the quantitative composition of the bivalve fauna is

influenced by the inclusion of individuals equal to or less than 5 mm in

shell length in the abundance data. These small individuals will be called

juveniles for convenience, even though no information on sexual maturity

is available and the term adult will be used for those greater than 5 mm

in length. This differentiates between size classes and not age classes,

but the first usually reflects the second and it was not possible to deter-

mine the age of the small specimens. Unless otherwise indicated, as in

Table 30, the abundance data given includes both adults and juveniles for

the following reasons. The majority of the identified M..nasuta and C.

californica are adults and most of the identified M. balthica are juveniles

(Table 30). If the juveniles were not incorporated in the total, the abun-

dance of M. balthica would be seriously underestimated while treating the

juveniles as separate entities would not significantly affect the estimates

of M. nasuta and C. californica. Most of the unidentifiable Macoma indivi-

duals were juveniles; these are not discussed further.

For comparisons of the core and quadrat samples, mean abundances must
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Table 30. Common bivalves, mean sample abundances of
juveniles (55 mm) and adults (>5 mm); 0.25
m2 samples.

Size class Mean s.d.

Macoma balthica >5 mm 1.57 4.77

<-5 mm 2.35 4.95

Macoma nasuta >5 mm 17.22 24.57

55 mm 2.51 6.56

Macoma sp. >5 mm 0.08 0.36

s5 mm 5.38 8.53

Cryptomya californica >5 mm 34.83 52.33

55 mm 6.14 8.85

be converted to estimates of density given in a common unit for both. In

converting sample mean abundances to density estimates,minimization of

differences between types of samples solely due to the conversion process

is clearly preferable. Both area and volume units are potentially useful

for common unit denisty estimates for the two types of infauna samples.

However, they give different results when used with these samples because

of the 30 cm depth and the 2324 cm2 area differences between the two types

of samples. The data do not permit clear differentiation between horizon-

tal and depth distribution effects. Although the scale of patchiness of

these three bivalve species in the horizontal plane is not known, differ-

ences are known in their depth distributions. The data will be used to

show how density estimates of species which burrow to different depths are

affected differently by use of area and volume estimates and optimal conver-

sions for the data on the bivalves studied will be given as examples.

Density estimates made for mitigation evaluations of quantitative losses
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at development sites and their potential replacement elsewhere obviously

will be greatly affected by the way the densities are expressed. As differ-

ent ways of expressing density could either maximize or minimize differences

between losses and potenital replacements, the source of such differences

must be known, and their effects on decision making understood.

Density estimates of M. balthica, M. nasuta and Cryptomya californica

for samples taken in 19 combinations of two adjacent one foot strata are

given in Table 31, which summarizes data from 84 core and 26 quadrat sam-

ples. The totals in Table 31 are not density estimates for the study site.

The density estimates for core samples are also expressed in the table as a

percentage of those derived from quadrat samples. More consistent density

estimates for Macoma nasuta and M. balthica are produced by density esti-

mates expressed as numbers per unit area rather than volume. However, in

both of these cases estimates from the smaller core samples are about 33%

smaller than estimates from the larger quadrat samples. The density of

Cryptomya californica which. inhabits the deep burrows of Callianassa, is

Table 31. Comparison of bivalve total number estimates
for selected strata combinations, area and
volume units for 15 cm diameter core and 0.25
m2 quadrat samples. Difference between types
given as core sample total percentage of quad
rat sample total.

Basis of Sample Macoma Macoma Cryptomya
estimate type baba nasuta ca l ornica

Area (m') Core 311 1391 902

Quadrat 477 2004 2619

Difference % 65 69 34

Volume (m3) Core 1574 7035 4560

Quadrat 954 4008 5238

Difference 7 165 176 87
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more consistently expressed by using numbers per unit volume estimates.

The latter particularly reflects the fact that the depth of penetration

of the two sample types differed by more than two times. In the follow-

ing discussion where appropriate, density of M. balthica and M. nasuta

will be expressed, as numbers per unit area and that of C. californica as

numbers per unit volume.

Species living predominantly in the upper 20 cm of the sediment are

as well sampled by the core samples as by the quadrat samples. For such

species, per unit volume density estimates greatly inflate the estimates

derived from smaller core samples relative to those from the larger quadrat

samples because a large proportion of the volume of the quadrat samples

contain very few individuals of these species. Consequently, quadrat

volume density estimates are much smaller than core volume density esti-

mates. The use of such volume densities for those species would seriously

distort the estimates made, especially those from the core samples. For

species living throughout the sediment depth, area density estimates

greatly reduce the estimates from core samples relative to those from quad-

rat samples. For a given amount of surface area, the quadrat samples were

deeper and thus obtained more individuals. When converting data from sam-

ples with very different areas and depths to a common basis, an areal

density estimate is preferred for species living in the upper portions of

the sediment and a volume density estimate is preferred for species living

throughout the depth of the sediment.

Macoma balthica

This small intertidal and subtidal bivalve is a very widespread species

in the North Pacific and North Atlantic. Macoma balthica is often abundant
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in Oregon estuaries in intertidal flats of muddy sediment. It provides an

example of a species whose distribution is widespread horizontally and

vertically with intertidal height, but whose tidal height distribution is

affected in turn by the substrate characteristics.

Macoma balthica was not an extremely abundant bivalve at the study

site when compared to M. nasuta and Cryptomya californica, but it was found

in all sampling areas and at all intertidal heights, except in the +7 to +6

foot stratum (Tables 27, 32, 33). Its density was highest in Areas A, G,

and M (Table 32), the muddier parts of the study site. It was most dense

between +4 and 0.0 feet above MLLW, but in Areas A, G, and E with muddy

substrates, the animal was found higher than in Areas C and D where the

sediment had a low percentage of silts and clays, except at the lowest tide

levels. For such species, a mitigation requirement for the replacement of

lost habitat can be broader in terms of tidal height if substrate character-

istics are simultaneously identified.

The use of both large and small samples provided information about

Macoma balthica neither could have provided alone (Table 32). In Area G,

the core sample did not contain M. balthica, but the quadrat samples showed

their presence in appreciable numbers. Conversely, in Areas E and F, the

three quadrat samples did not contain M. balthica but the core samples did.

However, the density estimates from the two types of samples were very com-

parable for the total site, a point that will be examined statistically

later in this report.

Macoma nasuta

In Oregon estuaries, this medium sized bivalve is common in intertidal

flats of muddy sand. It has long siphons and the largest adults can live
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Table 32. Macoma balthica mean abundances per core and per quadrat with
areal density estimates over all sampling areas.

Core samples Quadrat samples
Sampling No. of Mean/sample No./m2 No. of Mean/sample No./m2

area samples (s.d.) (s.d.) samples (s.d.) (s.d.)

A 18 0.83 47.07 3 3.00 12.00

(1.30) (73.45) (4.36) (17.44)

41 ''0 15 8 48 10 1 90 607. . . .

(0.48) (27.12) (3.73) (14.92)

CS 32 0.09 5.09 5 5.40 21.60

(0.30) (16.95) (5.55) (22.20)

CN 32 0.41 23.17 5 5.40 21.60

(0.98) (55.37) (5.18) (20.72)

D 25 0.52 29.38 2 2.50 10.00

(0.96) (54.24) (3.54) (14.16)

M 0.63 35.60 4 0.50 2.00

(0.52) (29.38) (0.58) (2.32)

E 22 0.55 31.08 2 0 0

(0.96) (54.24) (0) (0)

18 0.06 3.39 1 0 0

(0.24) (13.56) (0) (0)

GE 28 0 0 2 13.50 54.00
(0) (0) (19.09) (76.36)

GW 26 0 0 3 9.67 38.68

(0) (0) (16.74) (66.96)

GO 6 0.17 9.61 0 NA NA

(0.41) (23.17)

Totals 256 0.27 15.26 37 3.92 15.68

B

8

F
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Table 33. Macoma balthica mean abundances per core and per quadrat, with
areal density estimates over all strata.

Core samples Quadrat samples
No. of Mean/sample No./m2 No. of Mean/sample No./m2

Stratum samples (s.d.) (s.d.) samples (s.d.) (s.d.)

+7 to +6 20 0 0 0 NA NA

(0) (0)

+6 to +5 51 0.08 4.52 4 0.25 1.00
(0.27) (5.26) (0.50) (2.00)

+5 to +4 40 0.20 11.87 1 0 0

(0.46) (25.99) (0) (0)

+4 to +3 32 0.44 24.86 6 5.83 23.32
(0.80) (45.20) (10.85) (43.40)

+3 to +2 44 0.34 19.21 6 6.67 26.68
(0.86) (48.59) (11.79) (47.16)

+2 to +1 38 0.50 23.73 9 3.22 12.88

(0.98) (55.37) (4.92) (19.68)

+1 to 0 17 0.47 26.56 4 4.75 19.00
(1.18) (66.67) (6.40) (25.60)

0 to -1 8 0.25 14.13 4 3.25 13.00
(0.71) (40.12) (2.75) (11.00)

-1 to -2 0 0 2.67 10.68

(0) (0) (1.16) (4.64)

Totals 256 0.27 15.26 37 3.92 15.68

6 3
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at depths below the 20 cm limit used for the 15 cm diameter core samples.

Consequently, this clam is also a convenient species to examine for the

effects of sampler size and depth on density estimates of a common inter

tidal estuarine species.

The density estimates for M. nasuta derived for the two types of sam-

ples are different for both sampling areas (Table 34) and for individual

tidal height intervals (Table 35). After conversion to a common unit of

area, the mean density per square meter for the small core samples was

lower than that for the larger quadrat samples, ranging from 16% to 65% of

the latter, with an overall value for the site that was 35% of the estimate

for the larger samples. The deeper samples recovered M. nasuta both above

and below the 20 cm depth limit of the core samples and this may have

resulted in these areal density differences. This effect appears to be

constant with tidal height, but the number of quadrat samples is too sparse

to test this idea rigorously. It is clear from this example that for

mitigation purposes the ecological value attributed to natural resources

lost at development sites will be very strongly influenced by the specific

methods used in site assessments. Regardless of how values would be weighted

for specifying mitigation replacement requirements for this species, the

assessment base levels for density derived from shallow, small area sam-

ples could easily be two times too low compared to data from large area

samples of adequate depth.

Macoma nasuta was found in all of the sampling areas at the site

(Figure 13 and Table 34). It was most abundant in muddier sediments and

reached its greatest abundances at levels below +3 feet above MLLW, in the

low tide level muddy sediments of eelgrass beds of Areas A, B, C, G, and

M. It was absent in sandy areas above +4 feet, as in Area C, where it was
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Table 34. Macoma nasuta mean abundances per core and per quadrat, with
areal density estimates over all sampling areas.

Core samples Quadrat samples
Sampling No. of Mean/sample No./m2 No. of Mean/sample No./m2

area samples (s.d.) (s.d.) samples. (s.d.) (s.d.)

18 0.72 40.68 3 26.67 106.68
(1.18) (66.67) (44.47) (177.88)

41 0.27 15.26 10 10.80 43.20

(0.71) (40.12) (14.79) (59.16)

CS 32 0.63 35.60 5 13.60 54.40
(1.13) (63.85) (14.98) (59.92)

CN 32 0.66 37.29 5 58.60 234.40
(1.64) (92.66) (45.15) (180.60)

25 0.20 11.30 2 12.00 48.00

(0.71) (40.12) (14.14) (56.56)

8 2.63 148.60 4 28.25 113.00

(2.20) (124.30) (20.63) (82.52)

22 0.18 10.17 2 0 0

(0.67) (37.86) (0) (0)

18 0.17 9.61 1 0 0

(0.64) (36.16) (0) (0)

GE 28 0.14 7.91 2 7.00 28.00

(0.45) (25.43) (4.24) (16.96)

GW 26 0.65 36.73 3 8.33 33.32

(1.77) (100.01) (12.74) (50.96)

GO 1.00 56.5 0 NA NA
(1.27) (71.76)

Totals 256 0.49 27.69 37 19.60 78.40

A

B

D

M

E

F

6



93

Table 35. Macoma nasuta mean abundances per core and per quadrat, with
areal density estimates over all strata.

Core samples Quadrat samples
No. of Mean/sample No./m2 No. of Mean/sample No./m2

Stratum samples (s.d.) (s.d.) samples (s.d.) (s.d.)

+7 to +6 20 0 0 0 NA NA

+6 to +5 51 0.12 6.78 4 0.50 2.00
(0.46) (25.99) (1.00) (4.00)

+5 to +4 40 0.13 6.22 1 0 0

(0.52) (29.38) (0) (0)

+4 to +3 32 0.09 5.09 6 2.67 10.68
(0.39) (22.04) (3.72) (14.88)

+3 to +2 44 0.45 25.99 6 7.67 30.68
(1.39) (78.54) (8.73) (34.92)

+2 to +1 38 1.21 50.29 9 25.67 102.68
(1.56) (88.14) (27.76) (111.04)

+1 to 0 17 1.35 76.28 4 38.50 154.00
(1.69) (95.49) (39.54) (158.16)

0 to -1 8 1.50 84.75 4 47.50 190.00
(2.14) (120.91) (47.93) (191.72)

-1 to -2 6 1.67 94.36 3 28.67 114.68
(2.25) (127.13) (4.04) (16.16)

Totals 256 0.49 27.69 37 19.60 78.40
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abundant in the muddier sediments of the lower strata. In the muddier sam-

pling areas such as Areas A and G, M. nasuta was present above +4 feet,

but in low numbers. This relation is similar to that found for M.

balthica and has been discussed for that species.

Macoma nasuta was present over a remarkably broad tidal range at the

study site, occurring in samples from -2 feet below to +5 feet above MLLW.

When all samples taken at the study site are pooled by tidal height (Table

35) there is a clear relation between the density of M. nasuta and tidal

height. The greatest density estimates are for the lowest tidal elevations

below +2 feet; above this density decreases with increasing tidal height

to an erratic occurrence of low densities near +6 feet above MLLW,in Area

G. For species with this type of wide height distribution related to sedi-

ment type, all levels within its tidal height distribution are clearly not

equivalent quantitatively. For such species, replacement of the lower

tidal levels of suitable muddy sediment lost at a development site is more

important in mitigation than replacing the entire tidal range of the

species. The density estimates for M. nasuta at the site would have been

little changed if tidal height levels above +3 feet had been absent and all

other factors had remained the same;

Macoma nasuta was the only large species sufficiently abundant in the

samples so that its distribution at the site could be mapped from both

non-quantitative and quantitative samples. It was used to evaluate the

utility of non-quantitative sampling for representing the presence and dis-

tribution of common species at development sites. Figure 13 was first

developed by outlining the distribution of M. nasuta from the non

quantitative survey data. This distribution was extended wherever the

quantitative data from the sampling areas showed its presence. Except for
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the muddy tideflat surrounding sampling Area M and the region south of

Area G (Figure 13), the distribution of M. nasuta was essentially the same

using data from both methods.

For larger species like M. nasuta,easily identified in the field by

a trained observer, it is apparent that extensive non-quantitative survey

sampling will adequate4y determine the distribution of the species and its

relation to tidal height and sediment type. Such sampling should be ade-

quate for preliminary development site mitigation assessments and is both

quick and inexpensive. However, this type of data is not a substitute for

quantification.

Technical standards for the qualitative and quantitative similarity

requirement for mitigation sites are not given in the guidelines for the

mitigation requirement. An objective working definition of quantitative

similarity as used in the mitigation requirement may be approached by con-

sidering the bivalve data given here, or any other quantitative data in

this report. Even though sample numbers for some tidal heights exceeded

30 for M. nasuta (Table 34), there were large variances to the data so that

the mean densities computed had large standard deviations. Large, common

and abundant species vary widely in density within this site and even

within a single tidal stratum; distribution is patchy.

Because of this natural variation, no two sites will have closely

similar mean density values. It will be necessary to accomodate this vari-

ation into standards for similarity between development and mitigation site

regions and even for similarity between tidal levels at the same place.

An objective definition of quantitative similarity using this variation

could be one accepting as identical, or similar, mean density estimates

derived from 30 or more samples whose 95% confidence intervals about the
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means overlapped. For the data at hand, the mean density of M. nasuta at

the +2 foot to +1 foot tidal level of the Airport site was 50 per m2 for

38 coreisamples, with a standard deviation of 88. The range of the com-

puted 95% confidence interval about this mean is from 21 to 79. This

means that 95% of all of the sets of 30 or more such samples taken at this

or similar sites will have a mean density of M. nasuta falling between 21

and 79 individuals per m2. For Cyrptomya at +2 to +4 feet the same range

is from 1.4 to 96 per m2.

The 95% level arbitrarily selected for this example is a very rigorous

test and the sample number is relatively high butithey permit a statistical-

ly valid range of mean density values to be accepted as similar, which can

be as much as four times larger or smaller than one another. It follows

from this example that "quantitative similarity" as given in the guideline

cannot have an absolute meaning and that scientifically defensible defini-

tions of similarity will differ for every species and circumstance. This

dilemma can be resolved by selecting a set of such similarity criteria on

some priority basis, defining them objectively as above, and setting an

acceptance level of similarity for the set by stipulating a minimum number

of the set which must be satisfied to meet the requirement.

Cryptomya californica

This small bivalve lives in association with the larger burrowing

infauna, particularly the ghost shrimp Callianassa californiensis, and thus

is an example of an abundant species whose distribution is largely reflec-

tive of a biological association with another species. Cryptomya lives

within the walls of the Callianassa burrows, with its short siphons extend-

ing into the burrow. Despite its small maximum size (ca. 2 cm long) this
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bivalve can live at all levels in the sediment, as deep as the Callianassa

burrows. Consequently, the number appearing in samples will be greatly

affected by the depth of the sample as was shown in the section on general

bivalve distributions. Cryptomya is also very abundant, apparently being

free of potential predators excluded by the activities of Callianassa and

the depth of the burrows and being adapted itself to the burrowing action

and water flow through the burrows produced by the Callianassa.

Cryptomya was most abundant in samples taken from the +4 foot tidal

level downward in the tidal zone, but was found in small numbers at higher

elevations where Callianassa was present (Table 36). Higher in the tidal

zone, the burrows of Callianassa are deeper and this density difference

probably represents a limitation of the sampling methods. Neither sampling

method was effective below 0.5 m in the sandier upper levels where burrows

are deep. The density of Cryptomya was greatest in samples from levels

below +2 feet and in the muddier sediment areas. Most Callianassa and

Upogebia burrows in low, muddy areas may be shallower than 0.5 m. Density

estimates derived from the deeper, larger samples (0.25 m2 quadrats) were

consistently about three times greater than the estimates derived from the

smaller samples (Table 37), as expected because of the depth differences.

It is clear from this example that for deeply burrowing species found

at a wide range of depths within the sediment, density estimates may vary

widely, being very high or very low depending on the depth efficiency of

the sampler used. With the same sampling methods, differences in apparent

density may result from different tide levels but may reflect only differ-

ences in burrow depth. Such variation would greatly affect quantitative

assessments of mitigation and development sites, and standards to be used

to determine adequacy of quantitative similarity. Only accurate data on

natural variations in density can resolve such problems
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Table 36. Cryptomya californica mean abundances per core and per quad-
rat, with no./m3 density estimates over all strata.

Core samples Quadrat samples
No. of Mean/sample No./m3 No. of Mean/sample No./m3

Stratum samples (s.d.) (s.d.) samples (s.d.) (s.d.)

+7 to +6 20 0 0 0 NA NA

(0) (0)

+6 to +5 51 0.20 57.14 4 9.25 74.00
(0.88) (251.43) (15.95) (127.60)

+5 to +4 40 0.25 100.00 1 1.00 8.00
(0.74) (211.43) NA NA

+4 to +3 32 0.53 151.43 6 11.33 90.64
(1.05) (300.00) (19.00) (152.00)

+3 to +2 44 0.61 174.28 6 85.50 684.00
(1.04) (297.14) (92.24) (737.92)

+2 to +1 38 1.08 306.57 9 62.67 501.36
(2.47) (705.71) (67.64) (541.12)

+1 to 0 17 0.12 34.29 4 29.75 238.00
(0.33) (94.29) (55.52) (444.16)

0 to -1 8 0.75 214.28 4 46.75 374.00
(1.17) (334.29) (49.98) (399.84)

1 to -2 1.33 379.99 3 9.00 72.00
(3.27) (934.27) (10.82) (86.56)

Totals 256 0.47 134.28 37 40.97 327.76

6
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Table 37. Cryptomya californica mean abundances per core and per quad-
rat, with no./m3 density estimates over all sampling areas.

Core samples Quadrat samples
Sampling No. of Mean/sample No./m3 No. of Mean/sample No./m3

area samples (s.d.) (s.d.) samples (s.d.) (s.d.)

A 18 0 0 3 1.33 10.64

(0) (0) (1.53) (12.24)

B 41 0.93 265.71 10 109.70 877.60

(2.14) (611.42) (70.28) (562.24)

CS 32 0.41 117.14 5 8.60 68.80
(1.13) (322.85) (14.15) (113.20)

CN 32 0.31 88.57 5 16.40 131.20
(1.42) (405.71) (19.42) (155.36)

D 25 0.96 274.28 2 77.00 616.00

(1.40) (399.99) (86.27) (690.16)

M 8 0.13 37.14 4 28.25 226.00

(0.35) (100.00) (4.57) (36.56)

E 22 0 0 2 0 0

(0) (0) (0) (0)

F 18 0 0 1 4.00 32.00

(0) (0) NA NA

GE 28 0.89 254.28 2 4.50 36.00
(1.66) (474.28) (3.00) (24.00)

GW 26 0.35 100.00 3 3.33 26.64

(0.85) (242.85) (3.06) (24.48)

GO 0.17 9.61 0 NA NA
(0.41) (117.41)

Totals 256 0.47 134.28 37 40.97 327.76

6
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Cancer ma iister

During sampling in April, 1978, recently settled magalopae (larvae)

of the Dungeness crab, Cancer magister, were found moulting to the first

crab stage on the surface of the muddier areas at the study site. Many

juvenile first stage crabs were also present, burrowing into the surface

of the sediment. This presented the opportunity to examine the distribution

and abundance of the early stages of a species which utilizes the estuarine

intertidal habitat very early in its life history.

Although Cancer magister is not an estuarine animal, juveniles and

adults occupy the higher salinity regions of the lower estuary and channel

bottoms mainly during the spring and summer. This commerical species is

predominately a resident of the inshore oceanic region. Its recently

metamorphosed juveniles are found along the Oregon coast in great numbers

close inshore in summer and the commerical stocks of adults are found in

great numbers farther offshore. Migration of adults in and out of estu-

aries is known, but the fraction of the adult estuarine population derived

from juveniles which metamorphose and grow within an estuary is not known.

The estuarine populaitons are thus a small fraction of the total inshore

population and are probably insignificant to the continued reproduction

of the species as a whole. However, the transient estuarine population

supports a commercial and sports fishery and the intertidal habitat may be

a necessary requirement for the continued presence of this population.

This species uses the intertidal area of the estuary at a critical

point in its early life, the transition from the planktonic larval stage

to the benthic juvenile stage. The recently metamorphosed crabs feed among

macrophytes and sediments. The first stage juveniles remain buried in the

mud or under vegetation at low tide, obtaining protection from predators.

g
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Later stages of juvenile C. magister also use intertidal areas in estuaries

but these larger stages move in and out of the intertidal habitat with the

tide.

The distribution and abundance of C. magister settled megalopae and

juveniles in the intertidal areas of the North Bend Airport study site was

estimated from the core and quadrat samples. Juvenile Cancer magister were

absent from samples from all sampling areas except Areas C, G, and M (Table

38). In sampling Area C, juvenile C. magister were found in relatively

low numbers, about 56 to 100 per m2, in the two strata below 0.0 MLLW level,

on a muddy substrate in an eelgrass bed. In sampling Area G, crab juven-

iles were found at the +2 to 0.0 foot levels in relatively high numbers,

about 350 per m2, again on a muddy substrate among eelgrass, but also

higher, up to +4 feet above MLLW, in samples taken in the zone covered by

the algal mat. Cancer magister early juveniles are apparently very irregu-

larly distributed; the larger numbers of small samples consistently gave

much higher estimates of density than the fewer large samples from the

same stratum (Table 38).

The density distribution of juvenile crabs indicates an obligatory

association with lower intertidal muddy substrates with eelgrass, but with

the larvae capable of settling higher on muddy shores where an algal mat

is present. Thus, a seasonal requirement for muddy lower intertidal areas

covered with macrophytes may be critical for the continuation-of an abun-

dant estuarine population of adults.

For the airport study site as a whole, crab juveniles were entirely

absent over most of the area, but very abundant in a few regions of

specific habitat. Development site heterogeniety will clearly make simple

ecological characterization a poor practice for mitigation assessments of



102

Table 38. Cancer magister, megalopae and juveniles pooled, mean abun-
dances per core and per quadrat sample, and density estimates
for only strata of occurrence.

Core samples Quadrat samples
Mean/ Mean/

Sampling Tidal No. of sample No./m2 No. of sample No./m2
area stratum samples (s.d.) (s.d.) samples (s.d.) (s.d.)

CN 0 to -1 2 2.00 113.00 1 1.00 4.00

(1.41) (79.67) NA NA

CN -1 to -2 2 1.00 56.50 1 6.00 24.00

(1.41) (79.67) NA NA

M +2 to +1 8 11.50 649.75 4 12.00 48.00

(8.44) (476.86) (7.70) (30.80)

G +4 to +3 7 0 0 2 7.00 28.00

(0) (0) (7.07) (28.28)

G +3 to +2 6 0.33 18.65 2 3.50 14.00
(0.52) (29.38) (4.95) (19.80)

G +2 to +1 6 1.83 103.40 0 NA NA

(3.55) (200.58)

GO +2 to +1 3 6.00 339.00 0 NA NA
(8.49) (479.69)

GO +1 to 0 3 6.34 358.21 0 NA NA
(6.57) (371.21)

Totals 37 4.00 226.00 10 7.60 30.40
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such species. Specific habitat types comprising a small fraction of the

whole cannot be neglected on the basis of size since they may support

species of importance, such as these juveniles of a commercially signifi-

cant species. In this regard, developing specific mitigation requirements,

such as an equivalent net area of lower tide level eelgrass bed habitat,

to be created or restored at one or several places, would be more signifi-

cant in diminishing the loss of estuarine natural resources from develop-

ment than emphasis on requiring a single mitigation site that as a whole

is similar to the development site in its major features.

Other Large Infaunal Species

Some large species were not included in either core or quadrat samples

or were very poorly represented in these samples compared to their evident

numbers. The non-quantitative sampling survey revealed the presence and

in some cases the distribution and relative numbers of many of these.

These distributions are shown in Figures 14, 15 and 16. The bivalve

species have already been discussed; it is clear that only quantitative

sampling designed for large, sparse species, following a preliminary dis-

tributional survey would adequately represent the numbers of such commer-

cially and recreationally important species of large bivalves as Mya

arenaria and Tresus capax. Assessments for mitigation purposes could not

fully evaluate the qualitative and quantitative features of a-develop-

ment site without both types of survey.

Large polychaete worm species found at the site but not adequately

quantified were Pista californica and species of the genera Nereis,

Nephthys and Abarenicola. While the general ecological role of these

species as predators, detritivores and filter feeders is known, their
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functional importance in the system as a whole is not and potential effects

of their loss at the site cannot be adequately evaluated. However, they

add materially to the diversity of large infaunal species at the site, and

are examples of species whose loss would require mitigation under the goal

policy of avoiding potential degradation of estuarine species diversity.

The most important of the large infaunal species not adequately quan-

tified appear to be the thallassinid shrimp-like crustaceans Upogebia

pugettensis and Callianassa californiensis. These sand or mud shrimps are

abundant but only a few specimens were found in the quantitative samples

because they are too mobile when disturbed and burrow too deeply for the

methods used. They were sufficiently abundant and their burrow openings

distinctive enough so that the non-quantitative sampling produced detailed

distributional data which is indicated in Figures 15 and 16. Both Upogebia

and Callianassa were sufficiently abundant for differences in relative

numbers to be discernible. The regions where they were present in low

density and where they were abundant are indicated in Figures 15 and 16.

In addition to general ecological importance as large, abundant

species, both have some direct importance to man. Both are of commercial

and recreational importance as fishing bait, and both can be pests on

oyster grounds when on-bottom oyster culture methods are used. Bait fish-

eries are of growing importance and in some places in the U.S. local

supplies of invertebrate bait species cannot meet demands and supplies are

shipped across the country.

Upogebia makes large deep burrows in muddy substrates, largely at

lower tidal levels. A filter-feeder, this species has more permanent

burrows and turns over less sediment than Callianassa. The latter is a

very active burrower in looser sand and turns over large quantities of
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sediment from considerable depths as it removes and sifts sediment for

detritus upon which it feeds. The abundance and extensive burrowing

activity of Callianassa make it a major ecological influence on other

species over a large portion of the study site (Figure 15).

Calianassa is an example of a species of ecological importance

in its community which may not be quantified at all by conventional

methods used in a development site assessment. This demonstrates the

major influence survey methods may have on the interpretation of which

ecological features of a development site are of sufficient importance to

require mitigation action. Callianassa also may serve as an example of

the difficulty of determining whether the loss at a development site of a

significant area of intertidal bottom supporting a large, abundant species

would have a critical effect on the rest of the estuarine ecosystem.

Callianassa is clearly a major ecological influence within its habitat

and it also alters and resuspends significant amounts of sediment. The

adult density is such that the large numbers of Callianassa larvae

released during the long breeding season make these larvae a characteristic

component of the estuarine zooplankton. Because of the relatively large

size of these larvae, they could possibly be a seasonally significant prey

item for midwater feeding fish, an uninvestigated possibility. Adults

occasionally leave their burrows and are known to be eaten by bottom feed-

ing fishes. Aside from these aspects, the ecological importance of

Callianassa in the estuarine ecosystem is not known with any exactness.

Because of intertidal slope characteristics explained elsewhere, the
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mid-tidal levels where Callianassa is present comprise the major portion

of intertidal area in Coos Bay and the other estuaries. Callianassa is

consequently present in large numbers throughout much of the estuary

because its muddy sand habitat covers a large portion of the intertidal

area present. Even though its ecosystem role cannot be precisely defined

the impact on the estuary of the loss of Callianassa habitat at the airport

site can be evaluated in terms of the proportion it represents of the

total present in the estuary. Because most intertidal area throughout

the estuary is at mid-tidal heights, the amount of Callianassa habitat

at the airport site comprises a much smaller proportion of the large total

present than does an equal area of low tide level habitat of other species.

On this consideration alone, the loss of the airport site population would

be of relatively small consequence for this species, while the continued

loss of Callianassa habitat at many sites would very likely be of ecosystem

significance. At this same site, the loss of lower tidal level habitat

and the populations of species largely confined to lower levels would be

of proportionately greater importance to maintaining these species'and the

existing balance of diversity within the estuary because the total amount

is intrinsically small.

Problems arising from the use of Callianassa as an example of an

abundant species whose loss to the system is difficult to evaluate lead

to considerations of problems in evaluating the long term ecosystem effect

of any specific loss at a particular development site and the need for

replacement to comply with the goal of maintaining ecosystem diversity.

The relative importance to the ecosystem of the loss of different species

and habitat types at a development site will depend on the proportion they

represent both of the total present in the system and of the total likely
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to be lost through development in the long term. In the case of Callianassa,

the loss at the airport site might be considered not sufficiently important

to warrant separate mitigation consideration if it were clear from compre-

hensive plans for development in Coos Bay that a great proportion of the

presently large amount would be retained during development. However, if

this were uncertain or it were clear that the loss was part of a sequence of

development resulting in time in a significant reduction of this presently

abundant habitat, then a different management policy is required. Site by

site replacement of losses of originally abundant resources would be more

in keeping with the estuarine planning goal.

A Comparison of Cores and Quadrats as Samplers of Infauna

The use of two different sizes of infaunal samples, 15 cm diameter by

20 cm deep cores and 0.5 m by 0.5 m by 0.5 m quadrats, provides the oppor-

tunity to compare their effectiveness and usefulness. The original

rationale for taking the two types of samples has already been discussed.

That rationale will be evaluated with respect to the three most common

macroinfaunalanimals sampled by both cores and quadrats, Macoma balthica,

M. nasuta, and Cryptomya californica. The following questions arise.

Were the core data alone adequate to quantify well each of these three

bivalves? Do the samples of each type give comparable density estimates?

Were sufficient core and quadrat samples taken to adequately characterize

the community? Can we objectively answer these questions? This informa-

tion will be useful in determining the minimum amount of data necessary to

characterize a development or a mitigation site, and also indicate how the

methods used in a site evaluation can affect the outcome of a mitigation

evaluation.
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In comparing samples of different sizes, it is critical that the data

sets, as much as possible, differ only with respect to the type of sampler.

For the North Bend Airport study, this comparison could not be made using

each entire data set because the sampling strategies for each sampler

differed. The cores were taken utilizing a stratified random design with

proportional allocation. The quadrat sampling emphasized the lower

intertidal, and not all strata were sampled using the quadrats. However,

below +2 feet MLLW the quadrat sample allocation of one quadrat per stratum

was nearly proportional to the area of the strata because all strata below

+2 feet MLLW are of approximately, equal area. The sampling intensities of

approximately one quadrat per 8700 square feet and one core per 4000 square

feet necessarily differed because quadrat samples were more difficult to

obtain than core samples, but this difference was offset by the larger

size of the quadrat samples. The following comparison will be confined to

data from strata below +2 feet MLLW where both types of samples were taken,

a total of 53 cores and 20 quadrats. In the comparison it is assumed that

the same populations were sampled with the cores and quadrats. All sample

data were converted to the density estimates recommended earlier,

A one-way analysis of variance will be used to test if the observed

differences among the core and the quadrat sample mean density estimates

can be attributed to chance or whether they are indicative of actual

differences in the results produced by the two types of samples. The null

hypothesis to be tested is that the two means are equal; the alternate

hypothesis is that the means are not equal. For the total sample set

being analyzed, a significance level of 0.05 will be used, meaning that

there are five chances in 100 that the null hypothesis will be rejected

when it is actually true. To locate the source of any difference in the
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means, the total sample set was divided by sampling area (B, M, and C -D

pooled). Given a significance level of 0.05 for the total, the multiple

testing of the three subdivisions requires a significance level equal to

0.05 divided by three or lower; 0.01 was used.

In the analysis of variance it is assumed that the data approximate

the normal distribution. Because the sample data do not, they were trans-

formed by loge(X + 1), where X'is the sample density estimate. This

stabilized the variance and normalized the data. From this description of

the treatment of the data required to determine statistically if the means

from the two types of samples are different, it is evident that thoughtful

manipulation of the data is essential to avoid erroneous conclusions.

The computed F*-values (Table 39) were compared with the table F-

values (Table 40) to produce the conclusions shown in Table 41; if F* is

less than or equal to the table F, the null hypothesis is retained and if

F* is greater than table F,the null hypothesis is rejected. For M.

balthica, the core and quadrat mean density estimates are statistically

equivalent at p 5 0.01 for each sampling area and p 5 0.05 for the total

data set. This implies that the two types of estimates are equivalent for

M. balthica. Core and quadrat mean density estimates for M. nasuta are

note equivalent over the entire data set analyzed, with the core sample

estimates lower than the quadrat estimates. Also, the mean to standard

deviation ratios for M. nasutain cores and quadrats are strikingly different,

1.06:1 and 2.59:1, with the higher ratio preferable. The samples from

Area B were the major reason the overall means for M. nasuta differed

statistically. C. californica was similar to M. nasuta, except that the

differences were more pronounced and the main source of the significant

difference for the total data was in the data from sampling Area M.
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Table 39. One-way analysis of variance F* test between core and quadrat
sample mean density estimates which have been loge (X + 1)
transformed for all samples below +2 feet MLLW in sampling
areas B, C (including D), and M for Macoma balthica, M. nasuta-
and Cryptomya californica. Means with standard deviations in
parentheses and computed F-values.

Sampling M. balthica M. nasuta C. californica
area Core Quadrat Core Quadrat Core Quadrat

B 0.29 0.90 0.63 3.02 3.28 6.32
(1.08) (1.44) (1.60) (1.85) (3.47) (1.23)

F* = 1.12 F*= 8.55 F*=4.25

1.15
(2.16)

3.01
(0.74)

3.25
(2.34)

4.57
(1.41)

0.61
(2.00)

2.84

(2.55)

F*=6.24 F*=2.46 F* = 6.82

2.53
(2.10)

0.81
(0.93)

4.28
(1.88)

4.50
(0.82)

0.71
(2.00)

5.42
(0.16)

F*=2.38 F*=0.05 F* = 21.02

Total 1.12 1.88 2.60 4.07 1.48 4.48

(1.99) (1.47) (2.46) (1.57) (2.39) (2.44)
F* 2.20 F*=5.69 F* = 16.53

Table 40. One-way analysis of variance table F-values and degrees of
freedom (df) for comparison with computed F*-values in Table
39. Treatment refers to sample type and error refers to the
total number of both kinds of sample.

Sampling df df Level of Table
area Treatment Error significance F-value

18 0.01 8.33

C 29 0.01 7.60

10 0.01 10.00

Total 1 61 0.05 4.00

C

M

=

B 1

1

1
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Table 41. One-way analysis of variance conclusions
from comparison of computed F*-values
(Table 39) with table F-values (Table 40).
Retained or rejected refers to conclusions
drawn about the null hypothesis.

Sampling
area M. balthica M. nasuta C. californica

B retain reject retain

C retain retain retain

M retain retain reject

Total retain reject reject

The conclusions drawn from a one-way analysis of variance test of

differences between core and quadrat mean density estimates are that the

results from the two types of samples are comparable for M. balthica but

cores significantly underestimate the densities estimated from the quadrat

samples for M. nasuta and C. californica. The question of which estimate

is closer to the true mean will be addressed later when other pertinent

information has been presented. It is apparent that samples of different

sizes can give drastically different results in density estimates, at

least for M. nasuta and C. californica. An objective comparison of the

effect of the size of the samples is needed to select, if possible, the

better samplersize for producing density estimates of these species.

The following analytical treatment and discussion of the choice of

size of sample (not the number of samples) takes the perspective of using

the data as preliminary information in planning a large-scale investiga-

tion aimed at quantifying the distribution of abundance of Macoma balthica,

M. nasuta, and Cryptomya californica. All of the following analyses
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utilize all samples from strata below +2 feet MLLW bearing quadrats, includ-

ing sampling area A. We assume that the choice of samplers is between 15

cm cores and 0.25 m2 quadrats.

Several methods that objectively compare sampler sizes are available.

The maximization of the number of species is one such method, but is inapp-

licable here because different sieve sizes were used with each sampler and

some species might be retained on the smaller sieve and not the larger.

A simple method to compare the usefulness of different sampler sizes

is to examine presence and absence data separately for each species (Table

42). The sampler with the highest percentage of samples that contain at

least one specimen of the species in question out of the total number of

samples of that kind is to be preferred; samplers that generally do not

sample the target population are essentially,.,/worthless. Using this criter-

ion, it is clear that quadrats are preferred to sample C. californica. The

lack of abundance of M. balthica renders the presence and absence data on

that species inconclusive. M. balthica was very abundant below +2 and

was present in most samples regardless of sampler size. A choice between

quadrats and cores for M. nasuta using presence/absence data is not

straightforward. Data other than presence/absence are needed in

choosing between cores and quadrats for sampling M. balthica and M.

nasuta.

A third method used in ecological studies to compare different sampler

sizes is to calculate the variance of the mean, which is estimated by the

2variance of the samples divided by the sample size (v(y) = s/n, where
2 n 2

s = E [(y. - y) /(n - 1)]. The sampler which minimizes the variance of
ii=1

the mean is to be preferred because this sampler necessarily will provide

density estimates that are statistically more precise than a sampler which
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yields data with a higher variance of the mean. Precision, used statis-

tically, refers to the amount of variability in the data--the less vari-

able data being more precise. Higher precision narrows the confidence

intervals about an estimate and, thus, provides a more exact characteriza-

tion of the site than less precise data.

Using the same sample data as in the presence and absence calculations,

quadrats are preferred for making density estimates of M. balthica and

cores are preferred for density estimates of M. nasuta and C. californica

using the above criterion of minimizing the variance of the mean (Table

43). However, the core sample variances are lowered by the large number

of zeros in the data (Table 42). To avoid this source of distortion, those

strata in which all core samples were zeros were excluded from the follow-

ing analysis of the minimization of the variance of the mean. This mani-

pulation (Table 44) causes all variances of the mean to be raised and C.

californica is now best sampled by quadrats, according to the criterion

of minimization of the mean. The conclusions for the other species remain

the same as those for Table 43.

Another measure used to objectively decide between sampler sizes is

called the relative net precision of the sampler. This quantity is based

on the minimization of the variance of the sample data and not minimization

of the variance of the mean. It also takes into account the relative

sizes of the samplers and the relative cost, in time or money,- of obtain-

ing an average sample. The relative net precision of a sampler is propor-

tional to
M
u

2/C

u
S
u
2, where M

u
is the relative size of sampler u; S

u
2 is the

variance among the samples obtained by sampler u; and Cu is the relative

mean cost of measuring a sample taken by sampler u. Relative net preci-

sion is based on the idea that cost increases with the square of sampler
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Table 42. Presence and absence data on bivalves from
core and quadrat samples expressed as the
percentage present of the total number of
samples of that kind from strata below +2
feet yielding quadrats.

Species
Core

sampler
Quadrat
sampler

Macoma balthica 26 65

Macoma nasuta 57 95

Cryptomya californica 19 85

Table 43. Variance of the mean for bivalves from
core and quadrat samples selected as in
Table 42.

Core sampler Quadrat sampler
Species n v(y) n v(y)

M. balthica 53 69 20 15

M. nasuta 53 194 20 812

C. californica 53 7025 20 10310

Table 44. Variance of the mean for bivalves from
core and quadrat samples selected as in
Table 42, except for the exclusion of
strata with all zero core data.

Core sampler Quadrat sampler
Species n v(y) n v(Y) -

M. balthica 32 161 10 30

M. nasuta 43 250 16 1083

C californica 26 26471 10 22786
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size. The sampler with the highest relative net precision is to be pre-

ferred.

The relative net precision of the quadrat and core samplers (Table 45)

was calculated using the same set of samples that were used in Table 42,

utilizing two types of approaches for the quadrat sampler. In the first

approach, which maximizes the difference between samplers, the difference

in volume (35.71 times) between the two samplers is used as the measure

of relative size and assumed the costs for each sampler were equivalent,

In the alternative approach, which minimizes the difference between

samplers, the difference in surface area (14.15 times) is used as

the measure of relative size and assumed the quadrats were five times

(based on a time budget of collection and analysis) as expensive as the

cores. For the square of the increase in size from core to quadrat, the

increase in cost was not commensurate (40:1 using the second

approach). Because of this, the relative net precision is highest for the

quadrat sampler for all three species.

The core sampler alone is not adequate to quantify the density of all

three bivalves studied. From the one-way analysis of variance it was

found that both samplers gave comparable density estimates for M. balthica,

but when analytical techniques designed to choose between sampler sizes

were applied to the M. balthica data, quadrats emerged as the sampler of

preference. Thus, cores are probably adequate but quadrats would produce

better density estimates for M. balthica.

The presence and absence data alone is enough information to conclude

that C. californica is best sampled by quadrats because the cores did not

sample deeply enough to obtain representative numbers of this species.

C. californica and M. nasuta density estimates from quadrats were closer
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Table 45. The relative net precision (r.n.p.) of the core and quadrat
samplers with samples selected as in Table 42.

Core sampler Quadrat sampler

Species r.n.p.
Conservative

r.n.p.

Liberal
r.n.p.

M. balthica 0.0003 0.1335 4.2507

M. nasuta 0.0001 0.0025 0.0785

C. californica 0.000003 0.000194 0.006184

to the true mean because the presence and absence data shows the quadrats

more consistently sampled these species than did the cores. The choice

between sampler sizes for sampling M. nasuta was not clear, but probable

underestimation of the true mean by the cores indicates that quadrats

should be used.

Overall, the quadrat sampler was more effective than the core sampler

in quantifying M. balthica, M. nasuta, and C. californica. One sampler

size alone will not quantitatively characterize animal densities at a

site accurately because spatial distributions and size frequency distribu-

tions differ between species.

The information drawn from the one-way ANOVA, presence and absence,

minimization of the variance of the mean, and relative net precision

analyses was sometimes contradictory with respect to choosing between

cores and quadrats as the better samplers for the three bivalve species

analyzed. This is a useful result because it indicates some of the prob-

lems associated with quantitative ecological studies and their interpre-

tation. Except for the ANOVA, all of the analytical methods had the

same goal but did not give consistent results. It is clear from this

example that the conclusions drawn from development site impact
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assessment studies will depend upon the sampling methods used as well as

the analysis of the resulting data. Methods which in themselves are

suitable and reliable under some circumstances may not be under others.

Unless the sampling methodology has been tested as part of the study, it

will be impossible to determine if the investigation under- or over-

estimated the distribution and abundance of different species or missed

others entirely.

Legitimate analytical techniques can be manipulated by design or

inadvertence to produce predetermined or certain results. An example of

this is the manipulation of the data from Table 5 in order to derive

Table 6; opposite conclusions were reached concerning Cryptomya californica

in this way. Tables 2 and 4 show opposite results for both Macoma nasuta

and Cryptomya when different techniques were applied to the same data.

In these examples, the consequences are relatively minor but analogous

effects could be produced in much more important analyses. Similar

effects can be inadvertently produced if results from studies based on

different methodologies are combined in mitigation assessments. If, for

example, development site data are compared to data previously obtained

during the required estuarine natural resource inventory, conclusions

will be greatly affected by any differences in method and precision

between the two studies.
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Infaunal Community Analysis

Introduction

The infauna of Areas C and G and its relations to sediments, tidal

heights and macrophytes are described below. Patterns suggested by the

descriptions were subjected to multivariate analyses. From these, the

spatial variability of species composition and abundance and its relation-

ship to environmental parameters were determined. The results will be

used to examine the following questions.

What analytical techniques are most useful for determining

infaunal community types present in estuarine intertidal regions?

What is the minimum number of community types present in the

sampling areas analyzed?

What is the fidelity of these community types with respect to

faunal composition, macrophytes and substrate type?

What conclusions can be drawn from these data with respect to

mitigation for tideland losses from filling and dredging?

Sampling Areas C and G were selected for detailed study because they

offer contrasting conditions of current regime, sediments and macrophyte

cover. Area C is exposed to high current velocities, has sandy sediments

and has no macrophyte cover except for an eelgrass bed below the +1 foot

tidal height. In Area G, the current velocity is lower, the sediments

contain more fine fractions, and the macrophyte cover is extensive at most

tidal heights. Both areas are large, about the same size and have a fair-

ly uniform topography throughout most of the tidal range. However, the

slope of Area C steepens sharply from the +2 foot level downward.
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The differences and similarities in biota and sediments between and

within these sampling areas are useful in exposing problems inherent in

determining the mitigation requirements for the loss of heterogenous areas

and for application to situations for which in-kind replacement is impossible.

General Description

The samples from Areas C and G were numerically dominated by annelids.

Of the total number of animals identified, 43% were oligochaetes, 35%

polychaetes, 15% crustaceans, 4% insects, 1% mollusca and 2% were of mis-

cellaneous taxa. The infauna in these samples was separated into 68 taxa

(see Appendix 2) of which 50 were sufficiently abundant (three or more

specimens) for quantitative analysis. Not all groups were identified to

the species level. Polychaetes were identified to the family level and

oligochaetes were not further classified because both were too abundant

for all individuals to be identified to the species level in the time

available. Insect larvae and pupae could not be identified beyond the

family level because in these groups the systematics have been worked out

to the species level only for adults. Most of the polychaete families

appear to contain one or at most two species, but the Spionidae, Capitellidae

and Syllidae may contain four or more species each. The samples contain

approximately four to six species of oligochaetes. Using the family

taxon for polychaetes and the class for oligochaetes instead of species

resulted in some loss of detail in describing distributions within the

sampling areas. Since many of these taxa contained only one or two species,

this problem was reduced to an acceptable level and there were ample data

available for testing the application of certain community features to

mitigation considerations.
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Of the remaining infaunal groups, the oligochaetous annelids dominated

the samples numerically, with abundances in samples from clean sand ranging

from 6 to 1,187 per 177 cm2 sample and from muddy sediments from 9 to

3,770 per 177 cm2 sample. Both the highest numbers of oligochaetes per

sample and the largest individuals (ca. 2 cm long) were found in the muddy

sediments from the 0.0 foot level in Area G. Many marine oligochaetes are

minute and it is possible that the oligochaetes retained on the 0.5 mm mesh

sieve represent only a fraction of the species present in most of the

samples. The ecological role of marine oligochaetes is poorly known and

has rarely been studied in Pacific coast estuaries. That-they can be the

most abundant intertidal infaunal group in Oregon estuaries was not known

before this study. Marine oligochaetes are thought to be important ele-

ments of the infaunal detrital food web (Giere, 1975) and are an example

of a group of abundant animals whose role in Oregon estuaries is not pre-

sently known in any detail, but which may be an important component of the

ecosystem. For example, in the densities found in this study, they may be

an important food for benthic feeding fishes.

Large numbers of larvae and pupae of seven families of marine insects,

representing at least as many species, were found almost exclusively in

samples from areas covered with Vaucheria mat. Typical insect densities

found ranged from 1 to 346 per 177 cm2 sample. Both herbivorous and

carnivorous insect species were present in the samples. At least during

the spring and summer these epibenthic and near-surface insect larvae are

available as prey to benthic fishes feeding over the intertidal flats at

high tide.

Nematodes were present in most samples, having been retained on the

0.5 mm mesh screen by becoming tangled in the abundant plant debris usually
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present in these samples. Since they did not appear to have been quanti-

tatively retained on the sieve and could not be identified to the species

level, nematodes were excluded from the analyses. They are probably the

most abundant small infaunal component at the study site,

General faunistic differences and similarities between Areas C and G

are shown in Tables 46 and 47. In both sampling areas there was a general

increase in the mean number of species per core sample with decreasing

tidal height. These general trends do not hold between 0.0 and -2 feet

in subarea CS. Here the trend is for mean number of species per core and

mean number of individuals per core to decrease with decreasing tidal

height.

Mean species abundance per core sample and mean number of animals

per core sample are both lowest in subarea CN, where there were mean

values of 10.14 species and 243.69 animals per core sample, and highest

in subarea GE where the values were 11.70 species and 865,74 animals per

core sample.

The relative rankings of the five most abundant taxa at each tidal

height within subareas CS, CN and GE are shown in Figures 17, 18 and 19.

In these figures the width of the band representing each taxon is propor-

tional to the rank of that taxon, with the most abundant taxon represented

by the widest band. Oligochaetes were very abundant, but they will not

be included in most of the following discussion because their widespread

distribution precludes their use as a diagnostic taxon,

Subarea CN contains two major groups of taxa, one dominating above

+2 feet and the other below that. The upper group is composed of

Paraonids, Phyllodocids, Turbellaria and Eohaustorius estuaries.
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Table 46. Mean number of species per core by stratum
for subareas CN, CS, GE and GO.

Subarea
Stratum CN CS GE GO

+7 to +6 N/A N/A 8.8 N/A

+6 to +5 6.9 10.3 10.7 N/A

+5 to +4 8.0 8.6 12.0 N/A

+4 to +3 7.6 10.1 12.5 N/A

+3 to +2 9.0 10.0 16.0 N/A

+2 to +1 12.5 12.5 14.3 17.5

+1 to 0 11.0 12.0 N/A 22.7

0 to -1 16.5 9.5 N/A N/A

-1 to -2 15.6 9.0 N/A N/A

Table 47. Mean number of animals per core by stratum
for subareas CN, CS, GE and GO.

Subarea
Stratum CN CS GE GO

+7 to +6 N/A N/A 441 N/A

+6 to +5 122 225 1065 N/A

+5 to +4 200 302 668 N/A

+4 to +3 164 400 1105 N/A

+3 to +2 117 83 1232 N/A

+2 to +1 238 207 708 987

+1 to 0 321 155 N/A 2637

0 to -1 410 160 N/A N/A

-1 to -2 279 51 N/A N/A
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Figure 17. Relative rank order of abundance, five most abundant infaunal
species in subarea CN samples by tidal height.
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Figure 18. Relative rank order of abundance, five most abundant infaunal
species in subarea CS sampled by tidal height.
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Figure 19. Relative rank order of abundance, five most,abundant infaunal
species in subarea GE samples by tidal height.



126

Capitellids and Spionids characterize the lower group. The same general

faunal distribution is found in the contiguous subarea CS, with some

added complexity associated with the environmental heterogenity found

there. Leptochelia dubia, Spionids, Capitellids and Paraonids are all

abundant between +5 foot and +6 foot levels. Between +2 feet and +5 feet

the faunal composition is dominated by the same taxa as found at the

upper levels in CN. Spionids and Capitellids dominate the composition

of the fauna below +2 feet, as they do in subarea CN. However, in CS

they decline in importance below the -1 foot level. The dominant taxa

between -1 foot and -2 feet are more closely associated with those of

upper CN or CS levels between +2 feet and +5 feet.

In subarea GE, below +5 feet, the faunal composition is similar to

the portions of CN and CS below the +2 foot level. Leptochelia dubia,

Spionids and Capitellids are the major characteristic species present.

The portion of subarea GE from +5 feet to +7 feet is unique in that

insects dominated its fauna. Insects were also found between +5 feet and

+6 feet in Area C. but always in very low densities. Three insect fami-

lies, all Diptera, comprised the bulk of those found, but four other

families were also represented. The three dominant families are the

Ceratopogonidae (biting midges), the Dolicopodidae (long-legged flies)

and the Ephydridae (brine flies).

The dominant faunal components of subareas CN, CS and GE are compared

in Figure 20, in which the taxonomic data for all levels in each subarea

are pooled. The figure demonstrates basic faunal trends from CN through

CS to GE; these trends paralleled those observed with tidal height within

individual subareas. Subarea CN, when considered as a whole, is similar

in dominant taxa to mid- and upper tide levels in subareas CS and CN.
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Figure 20. Relative rank order of abundance, five most abundant species
in samples from subareas CN, CS and GE pooled.
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Subarea GE as a whole is taxonomically similar to the lower portion of CN

and CS, and the portion of GE below +5 feet. Subarea CS as a whole has a

fauna taxonomically intermediate between those of CN and GE.

The preceeding infaunal descriptions indicate the degree of hetero-

genity in the distribution of species and abundances found within subareas

CN, CS, GE and GO. The airport site is not composed of large homogenous

units, but rather is characterized by overlapping distributions of species

and changing abundances, both of which vary greatly in scale and change

with tidal height, sediment type, and macrophyte cover. Examination of

the raw data is useful in revealing general patterns but in order to

understand the high degree of spatial variability in species composition

and abundances, and to delineate community types, the use of multivariate

analyses was necessary.

Methods of Multivariate Analysis

Several multivariate analyses were performed to reduce the complexity

of the large data set and to aid in understanding and interpreting

patterns in the data. For a detailed discussion of the various techniques

presented below, and the assumptions associated with them, see Cooley and

Lohnes (1971). Two species data matrices were used in the analyses. One

consisted of the matrix of raw data from all 97 core samples, and the

other was a data matrix of the means for each of the 50 taxa in samples

from each of the 25 subdivisions.

The first analyses calculated matrices of correlations between species,

using both the original data set of 97 samples, and the reduced data set

of 25 subdivisions. Fifty species were correlated with each other in each

case. The correlation matrix for the subdivisions also included as
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variables tidal height, sediment grain sizes, sediment chemistry, and

macrophyte biomasses. Correlations in these matrices were examined for

patterns in the data which could be subjected to further analyses and

interpretation.

Classification strategies were used to identify homogeneous groups

of samples and of species within the data. These were then interpreted

in relation to the physical variables and macrophyte data. Two types of

classification were performed on the data: a nonhierarchical divisive

and a hierarchical agglomerative classification. Thenonhierarchical

divisive strategy gives the most homogeneous clusters possible for the

data set, but the hierarchical agglomerative strategy displays the routes

by which the clusters were formed.

Discriminant analysis was used for two purposes: to find the canoni-

cal axes that best separate previously chosen clusters of data (samples

within subdivisions, strata, or subareas), and as a multiple inference

tool for testing the validity of these clusters. This technique was used

to identify the axes that best separated the data clusters, as an aid in

identifying the factors responsible for the clustering. Discriminant

analysis was used to test for differences between clusters determined

a priori, according to factors such as tidal height and sediment type.

This use of the analysis essentially tests sampling areas for homogeneity.

Many environmental factors vary along gradients, therefore ordina-

tion techniques were used on the data from the samples. These techniques

identify axes through the data which represent as much of the variability

present as possible. The data points are then projected onto these axes.

The ordination techniques used in this study were reciprocal averaging,

which optimally ordinates both samples and species with respect to each



130

other, and centered principal components analysis, which ordinates sam-

pies and species along axes representing maximum variance through the

data. The raw data were transformed by the log10 (X + 1) transformation,

and then standardized, before being subjected to the principal components

analysis.

Results and Discussion of Multivariate Analysis

The major features of the patterns in the data made apparent by the

analyses were consistent for all analyses performed, although the details

often varied. Most of the differences in detail were due to the varying

sensitivity of the different techniques to rare or extremely patchy taxa;

these differences could be reconciled by examining the raw data. The

results indicated that multivariate analysis can elucidate patterns in

distribution and abundance, and that the general features of these

patterns are independent of the technique used. These techniques are

therefore useful in comparing species distribution and abundance data at

development sites to locations near potential mitigation sites.

Each of the analytical techniques used on the infaunal data empha-

sizes a different aspect of the data. Correlation matrices show the

relationships of each pair of data points, permitting the identification

of clusters in the data set. An advantage of this technique is that it

makes no assumptions about the data, yet it will detect subtle patterns

or gradients. Clustering and ordination techniques clarified the detailed

relationships within the data set, but must be used carefully to avoid

spurious results. Of the two clustering techniques used, the-nonheirarchi

cal divisive strategy did not work well on the infaunal data set.

heterogeneity within Areas C and G prevented the appearance of interpretable

The
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patterns in the results of the analysis. The other clustering technique,

a hierarchical agglomerative strategy, was more useful because it

resulted in interpretable patterns of both species groups and sample

groups. This technique was more successfully employed on this data set

because the routes of cluster formation are presented and isolated data

points which must be interpreted individually are clearly shown. The

ordination techniques used resulted in clear patterns, but yielded no

information not obtained from the hierarchical agglomerative clustering

and a matrix of correlations.

The discriminant analysis was very sensitive to presence and absence,

without regard to relative abundance, and thus produced results essentially

indicating that most groups (subdivisions) were different from one

another. The resolution of discriminant analysis is too great for the

technique to be useful in determining community types.

After application of all of these methods to the infaunal data, it

is clear that correlations and hierarchical clustering of both species

and sample data are sufficient to analyze the community structure of the

site, in addition to inspection of the raw data. These techniques also

lend themselves to a combined analysis of development site and proposed

mitigation site data, which would permit their similarities and differ-

ences to be explored.

The multivariate analyses used generated recurrent taxonomic groups

in two basic ways: by the presence or absence of taxa, and by the rela-

tive abundances of these taxa. Three recurrent taxonomic groups were

identified on the basis of relative abundances of their components. These

recurrent groups will now be analyzed in terms of their relations to
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sediment types, tidal height and macrophytes. Capitellids and oligochaetes

were so widespread that they were not used as indicators for any community

type. If these two groups could have been identified to the species level,

they would probably have been useful indicators because of their abundances.

There is little overlap in the component taxa within the three groups

formed on the basis of presence and absence. These three groups can be

termed the sandy sediment group, the Vaucheria mat group and the fine

sediment group on the basis of the habitat types in which they were

characteristically found. The sand group is characterized by Paraonids,

Phyllodocids, Protodrilids, Turbellaria and Eohaustorius estuarius. These

taxa were rarely found outside of the sandiest regions in the sampling

areas, and then never in abundance. This group was never found in areas

with a macrophyte cover.

The most well defined recurrent group of the three is the community

of species associated with the Vaucheria mat. It is characterized by high

abundances of the three most abundant insect families, the Ceratopogonidae,

Dolichopodidae and Ephydridae. These were found in the Vaucheria mat

covering Area G from +4.5 feet up to the-+6.5 foot level.

In areas with sediments containing more than 11% silts and clay, and

not covered with Vaucheria mat, the recurrent group was a large assemblage

of species, the fine sediment group. Indicator species of this group

were: Macoma nasuta, Cumella vulgaris, Leptochelia dubia, and Maldanid

and Goniadid polychaetes. Even though their relative abundances vary

greatly, these species had a high fidelity of occurrence with the rest of

the group. The fine sediment group was found in Area G, below +5 feet and

in Area C, below +2 feet.

Recurrent taxonomic groups can also be defined using both species
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fidelity and relative abundances. Six taxonomic groups were defined this

way using the top dendrogram in Figure 21 and the species data in Appendix

3. These six groups are closely similar to the three groups described

above, and will be described in terms of them. The sandy substrate com-

munity is identical using both methods to define recurrent groups and it

will not be further discussed.

The Vaucheria mat grouping was divided into two on the basis of

relative abundances. Above +6 feet, a group dominated by the three insect

families was defined. Below +6 feet capitellids and spionids as well as

insects were very abundant and together with them comprise the other

species group. There is no difference in the sediment and algal mat

associated with these two new groups.

The large fine sediment group was the most variable and on the basis

of relative abundances was split into three components, each found within

a characteristic area (Area C, below +2 feet; subarea GE, below +5 feet;

and subarea GO). Different dominant animals characterize each of the

three new groups, and they are associated with different sediments and

macrophytes.

A group characterized by high abundances of Capitellids, Spionids

and oligochaetes, together comprising 80% of the fauna present, was found

in Area C below +2 feet. This community was found in type B sediments,

and was associated with sparse patches of Zostera. Another group, found

in subarea GE below +5 feet is dominated by Leptochelia dubia and Spionids,

which together comprise over 75% of the fauna there. This community is

associated with type C sediments and also in the upper strata with

Enteromorpha, and with a diatom cover in the lower. The third community

split from the fine sediment group is found in subarea GO. The faunal
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composition here is characterized by extremely high animal densities and

high species richness. Up to 4,338 animals and 27 species per 177 cm2

core was found in subarea GO. The highest numbers found elsewhere in

Areas C and G were 1,535 animals and 20 species per core sample.

Enchytraed oligochaetes were almost ten times as abundant as the next most

abundant taxon in this group, averaging 1,924 animals per core sample.

Phoronids, Cumella vulgaris and Corophium brevis were also abundant.

This community was found associated with a very dense macrophyte cover of

Zostera, Enteromorpha and Ulva.

There was no correspondence between the recurrent species groups, or

community types, identified by clustering techniques and the four sediment

types present. This is a consequence of the sampling design used in

obtaining the sediment samples. In Area C, sediment samples were taken in

lines near and parallel to the northern and southern borders of the area.

Near the top of subarea CS the tidal height is less than +6 feet and the

sediments are muddier than those immediately to the north in the same

strata. In the lower portion of subarea CS, the sediments are sandier

than just to the north in the same area because this is the beginning of

a low tide level sandbar. The resulting sediment data are therefore not

typical of the region or the tidal heights involved in this subarea.

This reduced the correlations between faunal composition and sediment type

for most of the infaunal samples in subarea CS, which were taken in the

more typical upper sandier and lower muddier areas. The CS sediment

samples were not representative of most of the CS subarea.

The infaunal samples taken in subarea CS near the location of the

sediment sampling transect are more closely related to those from the

middle of subarea GE in species composition and the other infaunal samples
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from CS are most closely allied with those from subarea CN, as would be

expected from the true sediment distribution. Sediment samples from sub-

area CS were more like those from subarea GE than those with less fine

particles from subarea CN.

The poor correspondence between sediment type and community type in

subarea CS drastically lowered the overall correspondence between the two

for the combined data set for C and G, since samples from CS represent

approximately one-third of the data.

There is also a lack of correspondence between sediment type and

community groups in subarea GE, but this was caused by the extensive

macrophyte cover present. When both the sediment type and the extent of

the algal mat are considered together as factors, there is close corres-

pondence between infaunal species groups and these factors. Sediments

and macrophytes taken together characterize areas occupied by distinctive

species groups. Better correlations between sediment features and

infaunal composition would have resulted if sediment samples had been

taken next to each infaunal sample instead of only one per stratum in

each subarea

Several conclusions on the utility of community groups can be made

from the results of this study. Recurrent species groups or community

types based on relative abundance data very closely resemble those based

on presence and absence data but more finely divided groups are produced.

Groups based on relative abundance as well as species composition are

also less variable. For these reasons it is recommended that relative

abundance of major animals, sediment characteristics and macrophyte type

all be used to characterize community types at development and mitigation

sites. These community types can then be used as the units in mitigation
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considerations and in specifications of features to be replaced. The

internal consistency of communities formed in this way is high enough for

estimates of the taxa and animal densities present at a site to be made

from sediment and macrophyte characteristics alone, once the communities

within an estuary have been defined. This would facilitate preliminary

development site assessments and the location of potential regions for

mitigation sites. If only information on general sediment types is avail-

able, the presence and type of macrophytes likely to be present could be

predicted from tidal height and general current regime' features gleaned

from navigation charts.
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EQUATING DEVELOPMENT SITE AND MITIGATION SITE AREAS

An interim quantitative framework is required for assessing the eco-

logical equivalence of area at development and mitigation sites, especial-

ly when mitigation will involve unlike habitats. In the absence of

detailed ecosystem information, some general features of the relation of

intertidal habitats to the rest of the system can be used as a basis for

developing methods for specifying areal equivalences. The formulations

given here are based upon the premise that intertidal areas make major

contributions to the rest of the ecosystem when they are submerged, and

that the ecosystem value of units of intertidal land is proportional to

this submergence. The formulation will address the problem of determining

how much area at a mitigation site must be cleared or restored to the

estuary to equalize the losses at the development site. Criteria for

selection of the general estuarine region and type of mitigation site were

dealt with in our previous reports* and will not be discussed further here.

The ideas and assumptions underlying the area-submergence time

method developed for use on the Joe Ney Slough mitigation site form the

basis for the methods described below.. That formulation has been

extended to include any information available on animal and plant abun-

dances at the development site. When intertidal lands are submerged,

benthic animals are available to fish which feed over the flats at high

tide and generally this is the time when exchanges take place between the

benthic system and the water mass of the estuary. Some of this exchange

is input into the benthic system, as when filter feeding benthos remove

suspended matter, and some is direct output, as when submerged algal mat

materials are loosened by currents and float away. The formulation pro-

posed quantifies the submerged values of the intertidal system to the

*Gonor,
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estuarine ecosystem, and uses them to determine areal equivalences between

development and mitigation sites.

Under the assumption that equalization of the submergence time of

abundant benthic animals and plants is the major goal to be achieved, a

formula for equating animal and plant submergences separately is as

follows.

A .( T = AXdTd d Eq. 1

where

An is the area of the mitigation site

Ad is the area of the development site

Tm and Td are the annual submergence (acre-days) of the
mitigation site and the development site respectively

Xm and Xd are the mean value of a biological characteristic at
the mitigation and development sites respectively

The unknown is Am, the area of the mitigation site to be determined. The

biological characteristic (X
m

) to be used is either animal abundances or

plant biomass. For the mitigation site, this is an estimate which would be

obtained by sampling a natural area near the proposed mitigation site

and is a prediction of what will develop at the site after creation or

restoration. Solving equation 1 for the unknown A
m
, yields the following

equation.

= Ad (Xd/Xm) (Td/Tm) Eq.

Incorporation of the separate plant (Am(plants) ) and animal (A m(animal))

values is required but this cannot be achieved by summing them to obtain

an overall value because both animals and plants could be found at the same

place. Several alternative solutions to the problem follow.

(1) Average the values of Am(plants ) and Am(animals)' This incor-

porates both animal and plant data into the equation but has the disadvantage

A 2
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that the required mitigation area will be half as large if there are no

plants at the development site as it would be if animal data alone was

used. Also, equation 2 is not defined for Xm = 0.

(2) Use the greater value of Am(plants) and m(animals)' This

criterion has the disadvantage of overcompensating for the lesser loss.

However, as an overestimate, it buffers the estuary from unrecognized

losses.

The separate means of the biological characteristics and tidal sub-

mergence times should be taken over all tidal heights present at the

development and mitigation sites. Tidal heights may be represented as

strata of one or more feet of intertidal height. If the intertidal height

range of the proposed mitigation site is known, the horizontal distance

needed to produce the correct amount of area is readily prescribed. The

resulting equation is similar to that used to obtain grand means using a

stratified random design. Equation 1 therefore is converted into the

following. k
2

A E P X Tmi = A E [(A /A
d
) X T ] Eq. 3mi mi d 1 dj dj djm i=l

j=

where

Pmi is the proportion contributed by the ith intertidal
stratum to the total distance perpendicular to tidal
height contours at the mitigation site

Xmi is the mean density of animals or plants in the ith
stratum

Tmi is the submergence time of the ith stratum of the
mitigation site

Ad is the total area of the development site

Am is the total area required for the mitigation site

k and k are the number of strata in the development site
and mitigation site respectively.
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Solving equation 4 for the unknown mitigation area results in the follow-

ing form.
Q k

Am = ( E AdJ XdJ TdJ ) / ( E Pmi Xmi Tm.) Eq. 4
j =l i=1

An equal difference in intertidal heights (e.g. +7 to +5 feet MLLW

gives a difference of 2) must be used at both development and mitigation

so that the diversity of habitat is preserved as much as possible.

Given the large amount of ecological heterogeneity likely to be present

at a large development site, no one mitigation site is likely to be its

qualitative and quantitative equivalent. The use of more than one mitiga-

tion site can be incorporated into the equation by calculating equation 5

for each separately and then summing the areas. Equation 5 is flexible in

its use, being applicable to both in-kind mitigation situations and also

to cases where third priority type mitigation is used, with the mitigation

site representing a very different type of ecological situation from the

development site. When used in the latter, the assumption is made that

equal numbers of infauna and plant biomass of different species are

ecologically equivalent.
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SUMMARY AND RECOMMENDATIONS

An ecosystem function approach would be an important component of a-

development site analysis under the statutory mitigation requirement.

However, with the present state of knowledge of Oregon ecosystems; there

are many difficult problems with the analysis of ecosystem functions of

intertidal community components at development sites. There is no

detailed model available for application to the ecosystems of Oregon

estuaries. Even the most elaborate models of how ecosystems in estuaries

function are not detailed enough to accommodate some of the necessary con-

siderations in mitigation, especially those that would prevent cumulative

impact of losses. Ideas about estuarine ecosystem functional components

derived from the study of estuaries elsewhere in the world may seriously

over- or under-emphasize components of Oregon estuarine systems. For

example, extensive macroalgal production on very extensive areas of inter-

tidal mud flats is characteristic of Oregon estuaries. Estuarine models

derived elsewhere assign very minor roles in the system to benthic algal

production, which principally occurs as diatom layers and filaments on

mudflats and attached to objects. This study has shown that it may be of

far greater importance in Oregon estuarine systems, especially since eel-

grass production is limited to a narrower tidal range and salt marshes on

the Pacific coast are of the higher tidal level type.

This study also revealed that a restricted number of infaunal species

are numerically very abundant at the study site, some of which were

unexpected, such as insects and oligochaetes. Except for a general idea

about their feeding types and some behavioral information, nothing is known

about their ecological roles, and their relative importance in the Coos Bay

estuarine ecosystem. Thus, even with good data on distribution and
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abundance, it was impossible to rigorously evaluate the effect of loss of

some of the most abundant intertidal species on the functional processes

and characteristics of the estuary. Only when a,better understanding of

Oregon estuarine systems is achieved will it be possible to fully imple-

ment the statute and accurately and rigorously evaluate the ecological

losses at estuarine intertidal development sites in order to specify what

replacements would mitigate for their loss to the estuarine ecosystem.

The most intractible problem in mitigation considerations is that of

devision a rational, defensible and uniform method of determining how much

area, and consequently how much unlike natural resource, is adequate to

mitigate for that lost at the development site.

The amount of area to be created or restored determines the economic

cost of mitigation actions by determining the location and extent of land

which must be dedicated or purchased and the cost of the alteration or

creation operation itself. The methods devised will have to be of general,

equal application and capable of being rationally administered and defended,

to avoid charges of being capricious and arbitrary requirements. Until

detailed ecosystem functional models are available, an interim method is

required to meet this need. The area submergence time method we devised

earlier was applied to the Joe Ney mitigation site with some success. The

results are described and evaluated in this report. Further refinements

of this idea to include any information on animal and plant abundances

available has resulted in the formulations presented in this report. These

attempts to devise a general and uniform area equating method resemble the

much more advanced methodology which has been developed for land ecosystems,

where habitat units of considerable predictive utility are being used to

evaluate losses and specify ecological replacement. The development of
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distinctly defined estuarine habitat units and their system values would

be an important step in the refinement of estuarine mitigation methods,

and probably one capable of being achieved long before a total ecosystem

model method is available.

This study has examined currents, sediment characteristics and tidal

heights as physical criteria for specifying losses at development sites

and requirements for mitigation sites. In general, while some use can be

made of these features, it has not been possible to develop a simple

physical method as an adequate substitute for the type of qualitative and

quantitative ecological information which would be required to implement

the statute. Recommendations and evaluations of specific features are

found in the sections of this report dealing with them and they will not

be removed from that context to be repeated here (see also Gonor, 1979a,b,c).

The study site is very heterogenous in physical, sediment and biotic

community components. Consideration of the degree of ecological complexity

and variability at the airport development site leads to the conclusion

that it would be impractical to seek to restore all of these features at

a single mitigation site, in the proportions found at the development

site. This will probably be true of most development sites, especially

the larger ones where mitigation for losses will be important. It is

recommended that the concept of mitigation as an exchange of land area

be abandoned. In its place there should be developed a concept of ecolo-

gical units whose replacement is critical to meeting the objectives of the

new Oregon statutory mitigation requirement. Ecological features of

development sites should be evaluated for-their importance to the estuary

from production, scarcity, diversity and other viewpoints and their replace-

ment sought separately or together, wherever they can in practice be
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created, restored or increased within the estuarine system. Closely

related ecological features comprising a definable mitigation unit will

necessarily be replaced together. However, there is no scientific justi-

fication from an ecosystem viewpoint for requiring all important features

of a development site to be replaced at one mitigation site.

This approach is easily integrated into restoration plans and into

the mitigation bank concept originally developed to alleviate mitigation

problems of small developments. In the airport site example, it might be

possible to find a means to create or restore an area -of the unused land

fill in Pony Slough to replace the large amount of low current velocity,

muddy sediments with extensive macrophyte cover found at the airport

site. This region would not, however, provide an opportunity to replace

the sandier upper tidal level and sandbar regions. The muddier areas

might be replaced concurrently with the development of the airport site,

while the replacement of the sandier areas might be funded, but action

delayed until a series of such requirements make it economically feasible

to recreate a larger area of sandy intertidal habitat at another place in

the estuary in mitigation for losses of such habitat at several develop-

ment sites.
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Appendix 1. Methods used in analysis of sediment samples from North Bend
Airport site by the Soil Testing Laboratory, Oregon State
University.

1. Particle Size Fractions

Organic matter was removed from subsamples by oxidation with hydrogen
peroxide. After deflocculation, the subsamples were dried, ground and
dry sieved into five sand fractions which are expressed in Table 5 as per-
centages of subsample dry weight. One clay and two silt fractions were
determined by the pipette method, and also expressed as weight percentages.
All particle size percentages are accurate to within ±1%.

2. Organic Matter

The Walkley-Black wet oxidation method was used.
Reference: Walkley, A. and I. A. Black. 1934. An examination of

the Degtjaneff method for determining soil organic matter, and a proposed
modification of the chronic acid titration method. Soil Sci. 37:29-38.

3. Total Nitrogen

The micro-Kjeldahl digestion method was used.
Reference: Bremer, J. M. 1965. Total Nitrogen, Ch. 83 of Methods

of Soil Analysis, Part 2, (Agron. Monogr. 9), Amer. Soc. Agron., Madison
Wisconsin, pp. 1149-1176.

4. Extractable Ammonium and Nitrate Nitrogen

A steam distillation method was used.
Reference: Bremer, J. M. and D. R. Keeney. 1966. Determination of

isotope-ratio analysis of different forms of nitrogen in soils. Soil Sci.
Amer. Proc. 29:504-507
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Appendix 2. Species list for the North Bend Airport study site,
total number of individuals enumerated per species

with
and with

acronyms used.

Acronym Class Species Total

AMPI Crustacea Ampithoe sp. 15
ANIS Anisogammarus confervicolus 11
CRAB Cancer magister (crab) 15
MEGA Cancer magister (megalopae) 25
CARC Corophium archerisicum 4
CBRE Corophium brevis 92
CSAL Corophium salmonis 3
CJUV Corophium spp. (juveniles) 141
HLEU Hemileucon sp. 43
CVUL Cumella vulgaria 766
EOHA Eohaustorius estuarius 423
EXCI Exciralona kincaidi 22
GRAN Grandidierella japonica 35
HEMI Hemigrapsus oregonensis 1
LAMP Lamprops quadriplicata 17
LEPT Leptochelia dubia 5840
ORCH Orchestoidea pugettensis 1
PHOX Paraphoxus spinosus 123
SCLE Scleroplax granulata 8

CLAR Insecta Ceratopogonidae larvae 183
CPUP Ceratopogonidae pupae 348
CHLA Chironomidae larvae 1
DLAR Dolicopodidae larvae 69
DPUP Dolicopodidae pupae 10
ELAR Ephydridae larvae 419
EPUP Ephydridae pupae 757
MPUP Muscoidae pupae 2
TALA Tabanidae larvae 12
TLAR Tipulidae larvae 15

CRYP Mollusca Cryptomya californica 58
MACB Macoma balthica 20
MACI Macoma inquinata 3
MACN Macoma nasuta 50
MACS Macoma sp. 150
MYTL Mytilidae sp. - 49
AGLA Aglaja diomedia 5

ALDE Alderia modesta 4
LACU Lacuna sp. 32

CAPI Polychaeta Capitellidae 5669
DORV Dorvilleidae 1

GONI Goniadidae 29
HESI Hesionidae 29
MALD Maldanidae 61
NEPH Nephtidae 2
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Appendix 2. Continued

Acronym Class Species Total

I

NERI Polychaeta Nereidae 16

ONUP (cont.) Onuphidae 1

ORBI Orbiniidae 1

PARA Paraonidae 3224
PRER Parergodrilidae 1

PHYL Phyllodocidae 528
POLY Polynoidae 6

PRTO Protodrilidae 204

SABL Sabellidae 46

SPIO Spionidae 7149

SYLL Syllidae 17

OLIG Oligochaeta 21307

TURB Turbellaria 309

NMRT Nemertinea 139

MITE Mites 35

PHOR Phoronida 577

PYCN Pycnogonida 1
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Appendix 3. Species densities by strata in sampling areas
C and G.

SUMMARY OF SUBDIVISION CZN

N = 6

INDIVIDUALS PER CORE
MEAN STD. DEW.

INDIVIDUALS"
PER SQ. METER

CRUSTAGEA
GUMELLA VULGARIS
EOHAUSTORIUS ESTUARIUS 33.00 36.118 1867.47
EXCIROLANA KINCAIDI 3.00 5.02 169.77
ORCHESTOIDEA PUGETTENSIS .17 .41 9.43

INSECTA
CERATOPOGONIOAE PUPAE 4.67 10.95 264.09
EPHYDRIOAE PUUPAEE

POLY CHAETA

PARAONSOAEAE

.50

2.00
15.33

L.22

2.10
32.90

29.43

L13.18
867.71

PHYLL0000LVAE 4.83 4.02 273.52
SPIONIOAE .17 .41 9.43

OLIGOCHAETA 48.33 36.13 2735.18
TURBELLARIA 11.67 9.75 660.22
NEMERTINEA .33 .82 18.86

TOTAL 124.33 22.48 7036.02

SUMMARY OF SUBDIVISION C2S

N 2 9

INDIVIDUALS PER CORE
MEAN STD. OEV.

INDIVIDUALS
PER SO. METER

CRUSTAGEA
AMPITHOE SP.
COROPHIUM BREVIS 1.56 3.32 88.03COROPHIUM SALMONIS
CUMELLA VULGARIS 8.22 17.34 465

30EOHAUSTORIUS ESTUARIUS 3.11 3.69 .
176.06

PARAPMOXUSA INOS
87.67 182.25 4961 06USSP .44 1.33 .

27.15
INSECTA

GERATOPOGONIOAE LARVAE
CERATOPOGONIDAE PUPAE .11 1.33 16.29

PELECYPODA
CRYPTOMYA CALIFORNICA .89 1.96 50.30MAGOMA NASUTA .67 1.00 37 73MACOMA SP.
HYTILIDAE SP. A

GIST RD PD CA
LAGUNA SP.

.76

.Li

.11

1.56

.33

.
46.29

6.29
POLYCHAETA

CAPITELLIOAE
6GNIAOIOAE
HALOANIDAE
NERREIDAE

13.11

.11

15.26
.67

766.29
16.29

000 52.00 47.89 2942 68PHYLL CIOAE 3.00 2.18 .
169 77PROTOORILIDAE .22 .

SPIONIOAE 28.00 61.42 1584.52
OLIGOCHAETA 45.22 40.08 2559.13
TURBELLARIA 4.67 5.55 264.09
NEMERTINEA 1.67 .87 94.32

TOTAL 253.11 257.63 14323.56
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SUMMARY OF SUBDIVISION C3N

N = 10
INDIVIDUALS PER CORE

MEAN STO. DEV.
INDIVIDUALS

PER SQ. METER

CRUSTACEA
EOMAUSTORIUS ESTUARIUS 3.20 2.53 181.09
EXCIROLANA KINCAIDI .20 .42 11.32
SCLEROPLAX GRANULATA .20 .42 11.32

INSECTA
DOLICOPOOIDAE PUPAE .10 .32 5.66

P£LECYPODA
CRYPTONYA CALIFORNICA .40 .52 22.64
MACOMA BALTHICA .20 .42 11.32
MACOMA SP. .10 .32 5.66

POLYCNAETA
CAPITELLIOAE 12.20 10.56 690.40
GONIADIDAE .10 .32 5.66
MALDANIDAE .10 .32 5.66
PARAONIOAE 114.70 81.82 6490.87
PHYLLODOCIDAE 12.30 9.81 696.06
PROTDDRILIOAE .40 1.26 22.64
SgPIO IDAE .90 1.10 50.93
SYLLIOAE .10 .32 5.66

OLIGOCHAETA 40.70 25.77 2303.21
TURBELLARIA 3.40 5.23 192.41
NEMERTINEA 1.50 1.65 84.89

TOTAL 190.80 83.01 10797.37

SUMMARY OF SUBDIVISION 03S

N a 5

INDIVIDUALS PER CORE
MEAN STD. DEV.

INDIVIDUALS
PER S0. METER

CRUS TA CE A
CUNELLA VULGARIS 1.00 1.73 56.59
EOHAUSTORIUS ESTUARIUS 1.20 1.30 67.91
EXCIROLANA KINCAIDI .40 .85 22.64
LEPIOCHELIA DUBIA 1.20 1.T 67.91
SCLEROPLAX GRANULATA .40 .55 22.64

PELECVPOOA
CRYPTOMYA CALIFORNICA .40 .89 22.64
MACONA BALTMICA .40 .55 22.64
MACDMA SP. .40 .89 22.64

POLY CHAET A
CAPITELLIDAE 5.60 6.99 316.90
GONIAOIDAE .22 .45 11.32
HESIONIDAE .20 .45 11.32
PARAONIOAE 100.00 73.19 5659.00
PHYLL0000IOAE 6.20 5.63 350..86
PROTODRILIDAE 5.80 8.61 328.22
SPIGNIDAE 5.40 12.07 305.59

OLIGOCHAETA 159.20 111.37 9009.13
TURBELLARIA 12.20 16.92 690.40
NENERTINEA .20 .45 11.32

TOTAL 300.40 127.51. 16999.64
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SUMMARY OF SUBDIVISION C4N

N ® 6

INDIVIDUALS PER CORE
MEAN STD.

SORE INDIVIDUALS
PER SQ. METER

CRUSTACEA
EOHAUSTORIUS ESTUARIUS 10.50 5.54 594.20

PELECYPO DA
CRYPTOHYA CALIFORNICA .53 .84 28.30
HACONA BALTHICA .33 .82 16.86
MACOMA SP. .33 .52 18.86
MYTILIDAE SP. A .17 .41 9.43

POLYCHAETA
CAPITELLIDAE 8.67 4.93 490.45
PARAONIDAE 106.50 108.68 6026.84
PHYLL000GIOAE 13.17 8.23 745.10
PROTOORILIDAE .33 .82 18.86
SPIONIOAEE 1.50 2.81 84.69

OLIGOCHAETA 37.50 32.82 2122.13
TURSELLARIA 3.83 5.71 216.93
NENERTINEA .83 .75 47.16

TOTAL 184.17 150.89 10421.99

SUMMARY OF SUBDIVISION C4S

N = 5

INDIVIDUALS PER SORE
MEAN STD. EV.

INOIVIOUALS
PER SQ. METER

CRUSTACEA
COROPHIUM BREVIS 2.80 6.26 158.45COROPHIUM SALMONIS .20 .45 11.32CUMELLA VULGARIS 2.00 4.47 113.18E HAUSTORIUS ESTUARIUS 2.20 1.79 124.50LEPTOGHELIA OUBIA .20 .45 11.32SCLEROPLAX GRANULATA .20 .45 11.32

IN SECTA
EPHYORrOAE LARVAE .20 .45 11.32

PELECYPODA
CRYPTOHYA CALjFORNICA

C
.20 .45 11.32MACONA SALTHI A

A NA SUTA
.20 .45

45
11.32

MACOMA .20 .4 5 11.32
POLYCHAETA - - -

CAPITELLIOAE 3.00 3.54 169.77PARAONIDAE 51.60 104.25 2920.04PNYLLODOCIDAE 9.80 5.93 554.58PROTODRILLIDAE 18.60 26.42 1052.57SPIONIOAE 8.00 14.58 452.72SYLLIOAE .40 .55 22.64
OLIGOCHAETA 274.40 187.34 15528.33
TURBELLARIA 8.60 8.71 486.67
NEMERTINEA 1.80 1.92 101.86

TOTAL 384.80 148.09 21775.83



154

SUMMARY OF SUBDIVISION C5N
N = 2

INOMEANUAISSTO. OEVCORE.
PERNSQ IMETER

CRUSTACEA
CUMELLA VULGARIS .50 .71 28.30

32EOHAUSTORIUS ESTUARIUS 17.50 10.61 990.

PELECYPOOA
CRYPTOMYA CALIFORNICA 1.00 0.00 56.59MAGOMA SP.

POLYCHAETA
CA I TELLIDAE 4

10.00 8.49 565.90
DAEPARAON 1.00 0.00 56.59

3 25M
PHYL 0 OCIDAE 5.50 .71 11.
PROTOORLLIOA£ 2.50 3.54 141.46

136SPIONIOAE 7.00 4.24 39 .

OLIGOCHAETA 61.50 17.68 3480.29

TURBELLARIA 1.50 2.12 84.89

TOTAL 108.50 19.09 6140.02

SUMMARY OF SUBDIVISION CSS
N = 3

INDMEANUALSSTO.. OEVE
44

PERNSQ. METER

CRUSTACEA
STORIUS ESTUARIUSEOHAU 5.00 1.00 282.95S

LEPTOCHELIA OUSIA .33 .58 18.86
PARAPHOXUS SPINOSUS .33 .58 18.86
SCLEROPLAX GRANULATA .33 .58 18.86

PELECYPOOA
CRYPTOMYA CALIFORNICA .67 .58 37.73
MACOMA SP. .67 1.15 37.73

POLYCHAETA
CAPITELLIOAE 2.00 0.00 113.18
GONIADIOAE .67 .58 37.73
MALOANIDAE 1.00 1.73 56.59
PARAONIDAE 13.00 9.64 735.67
PHYLLODOGIOAE 7.67 10.69 433.86
PROTOORILIOAE 3.33 5.77 188.63
SPIONIOAE 1.67

2.58 10.-86SYLLIOAE

OLIGOCHAETA 52.33 40.53 2961.54

NEMERTINEA 2.00 2.65 113.18

TOTAL 91.33 49.74 5168.55
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SUMMARY OF SUBDIVISION C6N

N N. 2

INDIVIDUALS PER CORE
MEAN STD. DEW.

INDIVIDUALS
PER SO. METER

CRUSTACEA
EONAUSTORIUS ESTUAqRRIUS 9.50 12.02 537.61LAMPROPS QUADRIPLICATA .50 .71 28.30L£PTOCHELIA DUBIA 6.00 9.90 452.72PARAPMOXUS SPINOSUS .50 .71 28.30

PELECYPOOA
MACOMA 8ALTHICA
M

2.00 2.83 113.18ACOMA NASUTA
. 2.00

2

0.00 113.18
SP. AMYTILIDAE .50 1.71 128.30

POLYCHAETA
GAPITTEgLLIOAE
G

73.00 8.49 4131.07ONIADIDAE 1.00 1.41 56.59HESIONIDAE 3.00 4.24 169.77PARAONIOAE 4.50 4.95 254.66PARERGOORILIOAE
PHYLLODOCIDAE 1.50 .71 28.30
SPIONZOAE 32.00 t.41 isia 83SYLLIQAE

OLIGOCHAETA 92050 fY.62

.

5234.58

TOTAL 233.50 37.48 13213.77

SUMMARY OF SUBDIVISION CbS
N = 2

INDIVIDUALS PER CURE
MEAN STO. DEW.

INDIVIDUALS
PER SQ. METER

CRUSTACCoEftpp
gg ARIUS

S
3.00 2.83 169.77

LEPTOCMELIA BIAOU 2.50 .71 141.48
PELECYPODA

MACOMA NASUTA 1.00 0.00 56.59
MACOMA SP. 7.50 .71 424.43

POLYCCAPITEL
IDAE

GONIAOIPAE
NESION.IDAE

38.50

3.50
6.736

3.54
21 288 .30

198.Q7
MALOANIDAE 2.00 .1.41 113.16
OR8INIIDAE
PARAONIOAE 10.50 3.54 594.20
PHYLL000CIOAE

E

30.00.71
1697.70

SYLLIDAE 1.00 0.00 56.59
OLIGOCHAETA 110.50 28.99 6253.20

NEMERTINEA .50 .71 28.30

TOTAL 212.00 25.46 11997.08
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SUMMARY OF SUBDIVISION C7N
N = 2

INOMEAMUALSSTU.

D

CORE. II II

PERNS4.IMETER

CRUSTACEA
CUMELLA VULGARIS 1.50 2.12 84.89
EOHAUSTORIUS ESTUARIUS 1.50 2.12 84.89
LEPTOCHELIA OUBIA 2.00 0.00 113.18
PARAPHOXUaa SPINOSUS 1.00 L.41 56.59

PELECYPO OA
MMMACOMA BALTHICA

ACDMA
NASUTA

3.00
1.50

4.24
Z.112

169.77
844.89

M
MYILZOAE SP. A 3.50 4.95 199.0

POLY CHAETA
GAPITELLIOAE 50.00 48.08 2829.50
GONIAOIDAE .50 .71 28.30
HESIONIOAE 3.50 2.12 198.07
PARAONIDAE 3.00 1.41 169.77
PHYLL000CIDAE .50 .71 28.30
SPIONIOAE 42.00 35.36 2376.78

OLIGOCHAETA 199.00 104.65 11261.41

NEMERTINEA .50 .71 28.30

TOTAL 314.50 119.50 17797.56

SUMMARY OF SUBDIVISION CTS
N = 2

INOMEAANNUALSSTOR CORE.
PERNSQ.IMETER

CRUSTACEg
CUUpMttLLAppVULGARIS

LEPTOCHELIAS0U9IAARIUS

2.50
1.00

2.12
1.41

141.48
56.59

PELECYPODA
NASUTA 1.00 0.00 56.59

MACOMA

POLY CHAETA

1. 00

23 00

1.41

21.21

56.59

1301.57
L

GO
IADIOAE

AE
IOAE

.
1.50

3

.71

6

84.89
9.771

N
N

A14TI .001
41 28.30

72PARAONIDAE
DA 8.08 4.24 452.

905PIONIflAE 10.00 5.66 .56
88SYLLIDAE 1.50 .71 4. 9

OLIGOCHAETA 93.50 74.25 5291.17

TURSELLARIA 2.50 3.54 141.48

NEMERTINEA .50 .71 28.30

TOTAL 150.50 105.36 8516.79
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SUMMARY OF SUBOIVISION C8N
N z 2

UAISINO ETER,.IRNEOV
MEAN

OST V. PE
MSQ

CRUSTAGEA
AMPITMOE SP. 5.00 4.24 282.95

28.30CANCER MAGISTER (CRAB) .5o .71 8984CANCER MAGISTER (MEGALOPAE) 1.50
502

.71
3.54

.
141.48.COROPMIUM BREVIS

CUMEL A VULGARIS 14.50 .71 820.56
81GRANOIDIERELLA JAPONICA 2.50 3.54 .414

6 59
HEMILEUCON SP. 1.00 1.41 .5

771b9
LAMPROPS QUAORIPLI.CATA 3.00 4.24 .

59LEPIOGMELIA OUBIA 1.00 1.41 56.

PELECYPOOA
MACOMA BALTMICA 1.00 1.41 56.59

898
NACOMA TNQUINATA 1.50 .71 4.

113 18
MAGOMA NASUTA 2.00 2.83 .

3 7 8MACOMA SP. 6.50 .71
2

6 . 4
141.46MYTILIOAE SP. A 2.50 2.1

GASTROPO OA 003 L 41 169.77LA;JNA SP. . .

POLYCHAETA
AEI 51.00 T.07 2886.09

ADXQAE
GONI

1. 0
0

9.00
71

56.59
28.30ESONLDEREIAE

AE
NER O .50

0

.

.7120.
30SPLONIIOAE

SPIONiDAE 53.0. 11.31 2993.27

OLIGOCHAETA 264.00 48.08 14939.76

TOTAL 418.50 65.76 23682.92

SUMMARY OF SUdUIVISIUN C8S
N 2

INO UALS SINSTO. 3EVE PERMEAN METERSQ.

CRUSTAGE4
UMELLA VULGARIS .50 .71 Z8.30

LEPTOCHELIA OU3LA 1.03 0.00 26.59

PELECYPOOA
MAGON4 NASUTA 4.00 1.41 226.36
Hl+CiMN SP. 6.00 8.49 339.54

POLYCHAETA
GAPITELLIOAE 18.00 1.41 1013.52
MA60A1I0AE
4ERELOAE

2.00
.50

2.83
.71

li3.18

6.50 7.78 367.64
PHYL6000CIUAE .30 .71 28.30
SPIONLDAE 15.00 18.36 8.3.85
SYLLIDAE .50 .71 28.30

QLIGOCHAETA 103.50 109.60 5857.07

TUR3ELLARiA 1.50 2.12 84.89

TOTAL 159.50 153.44 9026.11



158

SUMIARY OF SUh0IVISION G9N
N = 2

INOMEANUALS410. DEV. PERNSQ.iMETER

CRUSTACEA
AMPLTr1UE zpP. 1.50 .71 44.99
CAN:"Ek MAGLSTEK (MEGALOPAEI 1.00 1.41 56.59
CUROPHIUM uRCHERIaICUH 1.50 2.12 64.89
CUMEi.LA VUL.GAKIS 9.00 11.31 509.31
GKANOIO.ExELLA JAPONICA

A
.50

0

.71 23.30
TALEP1OGHELIAAOU3IAIC 5.5 3.54 311.25

INSECTA
GEr24TOPOGONIOAE PUPAE .50 .71 28.30

PELECYPOOA
CRYPTOMYA GAL:FORNICA 4.U0 5.6b 226.36
MAGOMA NASUTA 3.50 3.5k 198.07
M.GUMA SP. 11.50 13.4- 650.79
MYTILLOAE SP. A 3.00 4.24 169.77

POLYCHAETA
CAPiTEL..IUAE 29.50 13.44 1669.41
GUNIAU AE 1.00 0.00 5956HESIONIJAE
PARAUNIOAE 1.00 1.41

.
56.59

PHYLLJUOCIOAE .30 .71 28.30
SPIONIOAE 29.50 36.06 16b9.41
SYL,IJAE 1.00 1.41 56.59

OLIGOCHAETA 174.50 140.71 9874.95

NEMERTINEA 1.00 1.41 56.59

TOTAL 282.00 195.16 15958.38

SUMMARY OF SUdOIVISION C9S

N = 1

INOMEANUALSSTOR. I^ORE
EV. PER SQ.IMETERR

G;iUST4CE4 000 56.59COROPHIUM dREVIS
LAMPRDPS OUAU,UPLICATA

1.00
4.00

.
0.00 226.36

PELEGYPOJA 1.00 0.00 56.59
MACOMA

Se. 2.00 0.00 113.18

POLYCHAETA 1 00 0 00 56.59
CAPITELLIOAE .

1.00
.

0.00 56.53
PARAOILOA

I 4.00 0.00 226.36
36 53SPULAEE

Y 1.00 0.00 .
77169

AES 3.00 0.00 .

OLIGOCHAETA 27.00 0.00 1527.93

TOTAL 45.00 0.00 2546.55
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SUMMARY OF SUBDIVISION GSE

N = 6

INDIVIDUALS PER CORE
MEAN TO. OEV.

INDIVIDUALS
PER SQ. METER

CRUSTACEA
HEMILEUON SP. .17 .41 9.43LEPiTOHELIA OU8IA .17 .41 9.43

INSDCTA
CERATOPJGuNiQAE LARVAE
" 13.33 8.82 75+.53.ERATUPJGJNIOAE PUPAE 16.83 12.59 952.6000Lil:OPOUIJAE LARVAE 6.50 3.73 367.8.JOLA.I:JPOOIQAE PUPAE 1.00 1.67 56.59EPHYi LUAE LARVAE 45.00 41.79 2546.55EPHYUr.IJAE PUPAE 42.17 37.60 2386.21MUSCOIOEA PUPAE .17 .41 9.43T43ANIUAt LARVAE .17 .41 9.43flPULiJAE LARVAE .50 1.22 25.30

POLYCHAETA
CAPITEL...IDAE 3.83 3.87 216.93SPiJNIOAE 1.33 1.51 75.45

OLIGOCHAETA 306.17 434.19 17325.97
MITES 2.67 1.97 150.91

TOTAL 440.00 393.36 24899.60

SUMMARY OF SU30IVISION GIN

N = 3

INDIVIDUALS PER CORE
MEAN STO. JEV.

INDIVIDUALS
PER SO. METER

CRUSTACEA
LEPTOCHELIA OUOIA .33 .58 13.86

INSECT.
CERATUP000NIDAE LARVAE 5.67 2.52 320.68CERATuPOOUNIDAE PUPAE 24.00 24.56 1353 16GHi2UNOMIGAE LARVAE .33 .
U0LiCUPUUIDAE ..AiVAE 3.00 3.46 169.77OuLICJPOOIOAE PUPAE .33 .58 18 86EPHYORIJAE LARVAE 45.00 42.30

.
2546.55EPMYURIJAE PUPAE 59.67 16.01 3376.54TAdANiOAE LARVAE .67 1.15 37.73TIPULIDAE LARVAE .33 .58 18.86

POLYCHAETA
CAPITEL61DAE 1.33 1.15 75.45PROTOORILIOAE
SPIONIOAE 1.33 2.So 18.86

OLIGOCMAETA 248.67 296.52 14072.05

TOTAL 391.00 311.79 22126.69



SUMMARY OF SU8OIVISION G2E

CRUSTACEA
ANhUI,,MMARUS CONFERVICOLUS
CUML.A VULGARIS
LEPTOHE.IA OU81A

INSECTA
3'ERATOP000NIDAE LARVAE
E;t4fUPUGUNIJAE PUPAE
3OLi+UPUOIOAE ..ARVAE
DJLIGQPUOLJAE PUPAE
EPHYOKIOAE LARVAE
EPHYO«IDAE PUPAE
MUSUUIOEA PUPAE

TIPULI0.E LARVAE
PELECYPODA

CRYPTOAVA CALIFORNICA
MYTILLJAE SP. A

GASTPDP30A
ALUERLA MOUESTA

POLYCHAETA
CAPITELLiDAE
PIYLLULOAE
PHYLLUOOGIOAE
PROTOLKLLIOAE

SPLQNLQAEE

OLIGOCHAETA

TUR3ELLARIA

NEMERTINEA

MITES

TOTAL

SUMMARY OF SU80IVISION GZN

CRUSTACEA
CJMELLA VULGARIS

INSECTA
CERATUPOGONIDAE PUPAE
EPHYDRIJHE LARVAE
EPHYOKLJAE PUPAE

P AETAOLYH
CAPITEL61D4E
PHYLLJJOCIDAE
SPIONLOAE

OLIGOCHAETA

TUR3ELLAUTA

NEMERTINEA

160

N = 8

INOMEANUALSSTO.
OEV. PERNSQ.IMETER

.13 120.25
2.13

3.66 y2.44

10.25 13.40 580.05
17.50 22.06 990.32

1
2.63 4.03

1".55.25
4b1 19.52.88 .

83
2143.5237.88

13 .35 7.07
1..

13 1.07 57.07
1.38 2.88 77.81

.13 .35 17.07

.38 .52 21.22

393.75 644.77 22282.31

3.313
0.13

4.35
.35 7.07

7 .
193.07

07
204.25 312.29 11593.88

385.25 230.73 21801.30

.38 1.06 21.22

3.25 7.25 183.92

.75 1.75 42.44

1067.88

N

1069.90 60431.05

CINOMEANUALSSTO.
0EV. PERNSO.IMETER

1.00 0.00 56.58

3.00 0.00 169.77
3.00 0.00 169.77

20.00 0.00 1131.50

327.00 0.00 18504.93
17.00 0.00 962.03

199.00 0.00 11261.41

614.00 0.00 34972.62

8.00 0.06 452.72

1.00 0.00 56.59

TOTAL 1197.00 0.00 67738.23
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SUMMARY OF SUBDIVISION G4E

N = 4

INDIVIDUALS PER CCRE
MEAN STD.OEV.

INDIVIDUALS
PER SQ.METER

CRUSTACE4
4NLSU64MMAhUS CONFERVLCCLUS .25 .50 14.15
CORUFHIUM BREVIJ 27.15 14.41 1570.37
CUME66A VULGARIS 30.00 3.65 1697.70
GRANOOIERELL4 JAPONICA .25 .50 14.15
LEPTOGHELIA OUdLA 465.00 238.21 26314.35
PARAPHOXUS SPINOSUS 1.00 .82 56.59

PELECYPOUA

MACONMMNASUTAIFORNICA .50 1.00
2
28.303

MNCJMA SP. 2.75 3.10 155.62
4YTLL1U E SP. A 2.00 2.31 113.18

POLYCHAETA
AP1TELLIUAE 59.75 25.21 3381.25
3O Ii.LEI0AE .25 .50 14.15
GONIAUIJAE ti0 .58 23.33
MALJi.NIJAE 2.50 3.70 141.48
NEREIUAE .25 .50 14.15
PHYi.LUJuGIOAE 6.00 2.tb 339.54
POLVNOIUAE .25 -.50 14.15
SPIUNIOAE 436.50 86.86 24701.54

OLItOGHAETA 65.75 39.04 3720.79
NEMERTINEA .75 .96 +2.44

TOTAL 1102.50 336.56 62390.48

SUMMARY OF SU3UIVISIJN G3£

CRUSTAGEA

N a 3

CINDMEANUALSSTO.
3JEVI. PERNSQ.IMETER

COROPHIUM 3REVIS 3.00 2.05 169.77
CUMELLA VULGAAIS 9.33 7.23 528.17
LEPTOGME.IA OU31A 177. co 260.10 10016.43
PARMPHOAUS SPINOSUS .33 .56 13.86

INSECTA
ERATUPUGJNIOAE LARVAE .33 .5d 16.86
CERATuPuGJNIOAE PUPAE
EPHVORIuAE PUPAE .33 1.58

37.73

radAN.DAE LARVAE .33 .56 16.86

PELEGYPOJA
CRYPTOMYA CALIFOi.NICA 2.00 L.73 137.73MACvM, NA4UTA
MACUMM .P. .33 .58 18.86

GASTRJP33A
A MOOESTA

POLVCHMETA
CAPITEa LLDAE

.33 .58

54.67 34.65

18.86

093.59.
1ALOA.eIOAE 1.00 1.73 56.59
Pr.RAUNIDAE .67 1.15 37.73
PHYLL000.10AE 12.67 3.79 716.81
SA3EL.IJAE 14.07 25.40 329.49
SPIJNIU.E 147.00 167.25 6318.73

OLIGOCHAETA 221.00 269.32 12506.39

NEMERTINEA 2.00 2.00 113.18

TOTAL 648.33 717.62 36669.13
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SUMMARY OF SU801VISION .5E
N = 3

INOMEANUALSSTO. DEV. PERNSQ.IMETER

CRUSTACEA
GHNCER MAGISTEri (CkAB( .67 .58 37.73

ORCiPHIUM ARGHERISICUM .33 .58 18.66
CURJPHLUM 3REVIS 13.33 15.70 7ti...53
GUMELLA VULGARLS 17.67 11.37 999.76
GRAIU.ULERELLA JAPUNICA .33 .58 13.86
HEMILEU"UN SP. 2.00 2.65 113.18
LEPTUCHCIIA DU3LA 528.00 135.50 29879.52
PARAPHOXUS SPINJSUS 13.00 13.08 135.67

PELECYPOUA
GRYPTOMYA GALLFOR$1CA 1.00 1.73 56.59
MACJMA SP. 5.00 1.00 282.95
MYTLLIOAE SP. A 1.33 2.31 75.43

GASTROP00A
LAGUNA SP. .33 .56 18.86

POLYCHAETA
CAPITELLIOAE 29.00 16.00 1641.11
GONLAUIDAE 1.33 .58 75.45
iALJANLDAE 5.33 5.51 301.61
PHYLLJUOCIDAE 12.00 15.62 679.08
SPLUNLOAE 514.00 256.37 29087.26

OLIGOGHAETA 32.00 10.58 1310.88
PHORONI04 46.33 55.64 2735.18
TUR3ELLARIA .67 1.15 37.73
NEMERTINEA 2.33 1.53 132.04

TOTAL

SUMMARY JF SUSOLVISIUN G6E

1228.00 102.22 69492.52

4 3

INOMEANUALSSTO.
3EV. PERNSQ.IMETER

CRUSTACEA
GAN Ek MAGISTER (MEGALOPAE) .33 .58 18.86
i.JPHIUM :iREVIS .33 .58 18,86

CUMELLA VuLGARL3 17.33 12 50 400.89
GRA.NUIDLERELA JAPONICA 3.00 3.00 169.77
HEMLLEJUUN SP. 5.33 4.0'. 301.81
LEPTOCHELIA uudLA 319.00 218.61 18052.21
PARkPHOXUS SPINJSUS 14.67 10.79 829.99
SCLcRUPLAA GRMNULATA .67 (.15 37.73

PELEECYPU OA
CRYPTUMY4 CALIFORNICA
MACJMANASUTA
MACi)MA SP.

one vruerrA

4.67
4.00

1.15
1.15
1.00

264.09
37.73

226.36

CAPITEL61DAE sl.UU 44.70 cvaa.a.
GONLAOIUAE .67 .56 37.73
MALJANLOAE 3.67 2.08 207.5-0 -
ouv, I ,nnr main 1.33 1.53 75.45
PROTOJRa.IOAE ss .70 0.00
SPIJNIDAE 17.5.33 146.84 992.i1

OLIGOCHAETA 128.67 105.27 7281.25

TUROELLARIA .33 .56 16.86

NEMERTINEA .33 .56 18.86

244.96 40612.76

=

TOTAL 717.67
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SUMMARY OF SUSDIVISION GO6

N = 2

INOIVIJUALS PER CURE
MEAN BTU. JEV.

INOIVIOUALS
PER SQ-. METER

CRUSTALEA
ANISOGAMMARUS CONFERVIOOLUS 3.00 1.41 168.77
CANCER MAGISTER (CRAB) 2.00 2.83 113.14
CANGEK MAGISTEi2 (MEGALOPAE) 4.00 5.o6 226.36
GURQPMLUM 3REVLS 16.00 12.73 905.44;UMcLLA VULGARIS 40.70 79.90 4353.50
GRANJLUIERELIA JAPUNIGA 3.20 4.95 194.07
HEMILEUG(jIV SP. 1.00 1.41 56.59LAMPKOPS QUAL)"PLIGAT.i .50 .71 28.30
LcPfOGHELIA DUdIA 16.00 12.73 905.44
PZl(AFHOAUS SPINJSUS 5.30 5.66 282.95

PELECYP03A
CkYi'TJMYA CA)-IFOitNIGA .50 .71 26.30
MACOMA SP. 4.03 1.41 226.36MYTLL.JAE SP. A 1.50 .71 44.49

GASTROPJuA
AGLAJA JIJMEOIA 2.00 2.83 113.18

POLYCHAE1A
CAPITELLIOAE 53.00 67.64 2999.21GON.AJIJAE .50 .71 28.30
ONUPMIOAE
PHY..J000IJAE 1.00 1.41 5o.59POLYNOIOAE 1.00 1.41 56.59
SPION.JME 89.00 44.08 5036.51

OLIGOCHAETA 514.00 521.64 29313.62
PH0itUN104 37.50 81.32 3253.93
TUk3ELLMJ LA 3.00 4.24 1o9.77
NEMER1INEA 10.00 7.07 565.90

TOTAL 873.00 733.94 49403.07

SUMMARY JF JU3OIVISIoN G07

N = 3

INOMEANUALb$10.c
OEJ. PERNSO.IMETER

GrtUS T.aCE4
AMPITMUE SP. .33 .53 18.86
ANISUGAMMAkUS CONFERVLCCLLS 1.00 1.73 56.59
CAM Er. MAGISTER (CRA3) 2.67 3.06 130.91
CANCER MAGiSTEJ (MEGALOPAE) 3.67 3.51 207.50
COROPHIUM d EVI3 2.00 1.00 113.id

UMEL..A VULGARLS 63.67 57.27 3602.90
GRANUiOLERELLA JAPONICA 3.67 1.15 207.50
HEMLGRAPuS UREGJNENSIS .33 .58 18.86
HEMLLEUCON SP. 5.33 1.53 301.81
.AMPicQPS QUAGRIPLLCATA .33 .58 16.86
LEPTUGHELIA OU31A 9.67 5.69 547.04
PAR'.PHO.US SPINUSUS 5.67 2.89 320.68
PYCNO4ONLJA .33 .58 18.86

PELECYPOJA
MAC]HA 6A..THICA .33 .54 18.86
MACJMA NASUTA 2.00 1.03 113.14
MAGJMA SP. *.33 3.21 245.22MYfILIOAE SP. A 3.67 .58 207.50

GASTRJPOJA
AGLAJA OIOMEOIA .33 .58 18.86
LAGJ14A 3P. 8.00 13.86 452.72

POLYCHAErA
CNPLTELLIOAE 171.33 80.13 9695.75
GQNL.JIUAE 1.33 .58 75.45
HES!UNIJAE 1.67 2.89 94.32MALJANIJAE .33 .56 18.80
NEKEIJAE 4.00 5.29 226.36
PULYNJIOAE 1.00 1.73 56.59
PKOTOURILIOAE .33 .38 16.86
SPLONIDAE 29.33 8.96 1659.97
SYLLIuAE .33 .54 11.56

OLIGOCHAETA 2187.00 1411.37 123762.33
PHURUNIDA 105.67 82.65 5979.68
TUR3ELLARIA 1.67 2.08 94.32
NEMERTINEA 5.67 4.16 320.68
MITES 4.33 2.52 245.22

TOTAL 2631.33 1532.24 140907.15


