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ABSTRACT
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10.Abstract:

This report describes the accomplishments under the fourth phase
of a research program for the Puget Sound region concerning the
role of wetlands in urban stormwater management, and the
implications for wetlands ecosystems. The project is guided by a
regional interdisciplinary, interagency committee and is being
carried out by regional experts in each sub-study field. Goals
accomplished during this phase are: 1) final selection of
experimental wetlands pairs (urbanizing sites and controls); 2)
implementation of comprehensive long-term research on the
impacts of urban stormwater on the soils, microbial activity, and
zoology of wetlands ecosystems; 3) collection of the baseline
year's data (some seasonal) for each sub-study; and 4) analysis
of results from the research to date and incorporation of those
results and their tentative interpretation in a management system
that is being developed under other funding. Pending receipt of
funding support, the next steps will be to continue to conduct
the research outlined above to determine the short- and long—term
1mpacts of urban stormwater runoff on wetlands ecosystem
functioning.
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INTRODUCTION

PROJECT BACKGROUND

In response to accelerating development, and stormwater
management problems, and the potential effects of these
occurrences on remaining County wetlands, King County began a
wetlands research program in 1986. The program was initiated
because of the expectation that development patterns will change
the quantity and quality of stormwater entering some wetlands via
natural drainage courses. Stormwater management utilities in
King County and elsewhere have raised the possibility of relying
on wetlands in some instances to store and control the runoff
rate of urban stormwater. It is postulated that wetlands could
also remove and hold pollutants in stormwater, to the benefit of
downstream water quality in Puget Sound, the ultimate sink.

Wetlands are recognized as biologically productive ecosystems
offering extensive high-quality habitat for a diverse array of
terrestrial and aquatic organisms, as well as having multiple
béneficial uses for humans. While the potential of urban
stormwater to affect the productivity, habitat quality, and
beneficial use of wetlands can be hypothesized, there have been
very few studies to document the existence or lack of such
effects. This information gap may preclude more effective use of
wetlands as nonpoint pollution control mechanisms and endanger
overall wetland functioning. With these problems in mind the
following general goal was established for the Puget Sound
Wetlands and Stormwater Management Program:

*To determine the effects of urban stormwater discharge on
wetlands, and as a corollary, the effect of wetlands on the
quality of urban stormwater.

*To use the knowledge gained about these effects to develop
sound policies and guidelines for effective utilization of
wetlands for urban stormwater management and nonpoint source
water pollution control.

To achieve this goal will require both gathering extensive
scientific data and interpreting these data to devise policies
and management guidelines that protect wetlands, and downstream
water bodies. A comprehensive program has been designed to
acquire the necessary data through investigations based on
commonly accepted scientific practices, and then to apply the
findings toward regulation.

With Coastal Zone Management (CZM) grants from the Department of
Ecology, King County has completed several phases of a multiphase
research program to investigate the viability of freshwater
wetlands for use in urban surface water management and nonpoint
pollution contrel. Phase I was completed in June, 1986; Phase II
was completed in June 1287; Phase III was completed in June 1988;
and Phase IV was completed in June of 1989.



In preparation for the detailed research that began in 1988, the
preliminary Phases I and II were completed. Phase I consisted of
a comprehensive literature review (Stockdale 1986a, and b,
Stockdale and Horner 1987) concerned with the questions of urban
stormwater impacts on wetland functions and water quality changes
occurring when urban stormwater drains through wetlands. Phase
II involved comprehensive observation, sampling, and analysis of
73 King County wetlands to assess if they have been impacted by
- urban stormwater runoff. Data analysis and development of some
preliminary and tentative management guidelines was also a
product of Phase I and II.

Phase III entailed initiation of the two major components of the
research program:

l. Study of the long-term urban stormwater effects--as a
multiyear monitoring experiment with replicate
control/treatment units (unaffected by urban runoff versus
affected wetlands) to investigate long-term ecological
effects. The study of long-term effects involves monltorlng
of water level fluctuation; water quality:; physical,
chemical, and biclogical characteristics of wetland soils;
and population and community characteristics of plants and
animals.

2. Incremental research--laboratory or microcosm scale and
short-term field experiments designed to meet specific
objectives identified by the management needs survey
conducted during Phase II.

The scope of work for Phase IV covered only specific tasks of the
overall long-term project. These tasks involved the monitoring
of the soils and the wetland animal communities, as well as some
general staff support for the overall program. The remaining
tasks were funded from other sources.

OBJECTIVES

General

The general objectives of Phase IV of the work were:
1. To implement the long-term research study in the specific
areas of wetland soils and zoology. The initial
implementation consisted of establishing permanent transects
and stations for the respective tasks in each wetland pair

previously selected.

2. To collect data for each sub-study during the July 1988-
June 1989 field seasons.



3. To analyze the data generated during the 1988-1989
surveys of wetland pairs for baseline conditions in each
wetland. .

Specific Work Plan

1. Physical and chemical analyses of soils collected from
‘approximately three locations in 14 wetlands on one visit
during the summer of 1988 (additional sites were added
later). Analyses included texture, organic content,
nutrients, and metals. )

2. Establishment of a litter decomposition study to examine
long~term effects on soil microbial processes. The study
involves three litter types with ten replicates each.

3. Censusing of birds present in all of the selected wetland
sites on four occasions during the year.

4, Systematic survey of herpetofaunal eggs in each wetland
during the spring.

5. Systematic fall survey of mammals in each wetland.

6. Identification and enumeration of emerging aquatic
invertebrate taxa continuously collected in each wetland
by emergence traps.

7. Analysis of the data collected during the baseline year
for all of the sub-studies.

FINAL RESEARCH SITE SELECTION

Appendix A from the 1988 CZIM report contains several documents
used in the comprehensive study-site selection process followed
prior to field work in 1988. These documents present the
selection criteria, a preliminary list of sites selected, a form
used for the initial assessment of candidate sites, and a right-
of-entry form given to property owners. Table 1 lists the final
wetland pairs selected. A pair includes a wetland that will be
affected sometime after the summer 1988 survey (baseline year),
and another wetland that matches the first in size and vegetation
. community complexity and that will most likely remain unaffected
by urban development during the course of the study. The sites
are designated as in the King County 1981 Wetland Inventory, or
the Bellevue Wetland Inventory.

The sites were paired on the basis of morphological
characteristics and vegetation community composition (open water,
emergent, scrub/shrub, and forested community types). Due to
lack of similarity in all characteristics, pairing was imperfect,
but was attempted in order to allow potential comparisons between
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_pair members in many cases, as well as between aggregate control

and treatment groups. The baseline year measurements will also
be used to compare subsequent changes in sites where urban
stormwater will be added. Five of the sites were added at the
end of 1988 and so have no baseline data for 1988. Their
baseline data will be from the 1989 field season.



Program Study Sites

Affected sites

Table 1. Puget Sound Wetlands and Stormwater Management Research
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Control sites

Big Bear Creek 24 (BBC24)
Lower Puget Sound 9 (LPS9)
Snogqualmie River 24 (SR24)
East Lake Sammamish 61 (ELS61)
East Lake ﬁashington 1 (ELW1)
East Lake Sammamish 39 (ELS39)
*Tuck Creek 13 (TC13)
*Klahanie East (KE)

Bellevue 3I (B3I)

Forbes Creek 1 (FCl)

Jenkins Creek 28 (JC28)

Snoqualmie River 242 (SR24)
Lower Cedar River 93 (LCR93)
Raging River 5 (RRS5)

Mid Green River 36 (MGR36)
Harris Creek 13 (HC13)

*Soos Creek 4 (SC4)

*Soos Creek 84 (SC84)

*Ames Lake 3 (AL3)

Patterson Creek 12 (PC1l2)
unpaired

unpaired

* Sites added late in 1988.

8 Urbanization of the watershed will not occur in the early years
of the program.



EFFECTS OF URBAN RUNOFF ON WETLANDS SOILS, BASELINE INVESTIGATION

INTRODUCTION

There have been few studies to document the existence, or lack,
of effects of urban stormwater on the health of wetland
ecosystems (Stockdale 1986). As part of this research, the
soil- mineral, organic, and microbial components are being
studied in order to understand better how these wetland
components function in the overall maintenance of the ecosysten,
and what happens to them when they are affected by urban runoff.
Soils are important in an ecosystem as they provide the medium in
which plants grow, and can also hold and store pollutants from
stormwater. Alterations such as an increase in heavy metal
content, increase in silt content over organics, change in redox
potential, and/or change in pH, (especially lowering) can effect
the quality of the vegetation growing on those soils and their
suitability to support animal populations (Boto and Patrick
1979). The quantification of these soil and vegetation changes
resulting from urban stormwater runoff will help researchers to
understand its effects on soils, and the corresponding effects on
the wetland vegetation communities.

. OBJECTIVES AND HYPOTHESES

The work discussed in this report represents the establishment of
a baseline for a long-term data base that is being collected to
achieve the following objectives:

1. To document the baseline so0il conditions in the selected
wetlands for pH heavy metal content, particle size
distribution, organic content, nutrient regime, redox
potential, and microbial activity.

2. To determine the degree to which urban stormwater affects
these wetland soils characteristics, and to determine the
rate at which these changes occur.

3. To gain an understanding of the mechanisms of change in
the wetland soils subject to urban stormwater, with emphasis
on the relative susceptibility of the representative soil
types to change.

4. To gain an understanding of how any changes in the soils
of these wetlands affects the different vegetation community

types.
These objectives suggest a number of hypotheses that will be
‘ tested in the course of the long-term research, as follows:



1. Water whose quality is modified by urban stormwater
runoff will change the chemical, physical and/or structural
characteristics of the wetland soils under some, but not all
conditions. :

2. Flood storage and the attendant hydrologic modifications
will change the redox potential and possibly the pH and
chemical composition of the soils in those wetlands under
some but not all conditions.

3. Metal accumulation will be found to some degree in the
soils of wetlands with urban stormwater input. :

4. Flood storage and subsequent silt loading will increase
the small particle composition of the soils in some but not
all conditions.

5. Habitat value for some plant communities and some plant
species will decrease when wetlands are used for stormwater
storage, due in part to changes in soil properties directly
related to the stormwater storage.

RESEARCH METHODS
Schedule

Soil core samples were collected during the month of August 1988.
The soil cores will be sampled at approximately the same period
in subsequent years. It is planned that monitoring will continue
until it is established whether or not long-term effects occur in
the soils of the affected wetlands. It is expected that five
years of monitoring will be necessary. The litter decomposition
experiment was established in September 1988. Samples will be
removed in subsequent Septembers (1989, 1991, and 1993).

Microtox samples were collected during the fall of 1988. Samples
will be collected each August for the remaining years of
monitoring.



Sample Collection

Detailed description of methodologies are in Appendix A.

Soil cores. (Appendices Al and A3). Soil cores were collected
for assessment of physical and chemical soil characteristics. P Vv
C pipes, 6.5 cm (2-9/16 inch) diameter were used to collect 15 cm
long (minimum) soil cores in wetland soils at every point along
the vegetation transect where the soil or vegetation types
appeared to be transitional or to change completely. The cores
were collected at a 3 meter offset from the transect line, and
sample locations were accurately marked so that ¢ores can be
taken from the same area in succeeding years. These soil core
samples were placed in air-tight sample bags and refrigerated.

Microtox. (Appendix A2). Microtox analysis is intended for use
in determining acute toxicity in agqueous samples. The analyzer
is used to make quantitative measurements of the response of
living bioluminescent bacteria to toxic samples as evidenced by
changes in the light produced by the bacteria (Beckman 1982).

Litter decomposition study. (Appendix D2 of the 1988 Phase III
CZM report). The litter decompcosition study is used to determine
soil microbial activity. Litter was collected in four wetlands
during the 1988 Summer field season. Black plastic dropcloths
were laid on the ground and conifer and broadleaf deciduous
litter was collected from these during the Fall. Shrub litter was
collected from the shrubs themselves at the end of the summer
preceding leaf drop. Phalaris, an emergent herbaceous plant, was
collected in the field and mixed with the shrub litter. The
samples of 1) conifer litter; 2) broadleaf deciduocus litter; and
3) emergent/shrub litter were each placed in large plastic bags
and mixed so that each type was a homogeneous mixture. These
samples were dried overnight at 38¢ C, weighed, and sewn into
labeled polyester netting bags. Thirty replicates of each litter
type were then placed along each wetland edge. Random samples
were collected from each litter type for baseline chemical
analysis. The sample bags are left in the field and ten bags
will be removed after each of the first, third and fifth years of
the study. Dry weight loss and nutrient content will be measured
and will give a quantitative assessment of the effect of soil
microbial activity.

Analyses

Soil cores. (Appendix A4). Soil pH, color, and redox potential
were measured within six hours of collection. Cores were
subsampled for the different analyses: particle size distribution
(Appendix AS5), organic carbon content assessment (Appendix A6),
nitrogen and phosphorus (Appendix A6), and heavy metals (Appendix
A7). :



Litter decomposition. - (Appendix A6, A8). Litter decomposition
analysis consisted of digestion of the litter samples (Appendix
A8a), analysis for carbon content (Appendix A6), nitrogen content
(Appendix A8c, A8d), phosphorus content (Appendix A8e), and
copper content (Appendix AS8b).

RESULTS
Soil data can be located in Appendix B. The following section
summarizes these data and includes some comments regarding their

significance.

Soil cores--physical characteristics

Particle size analysis results are listed in Appendix B2.

Particle size analysis. Particle size analysis was performed on
the cores taken from each wetland. Table 2 lists the soil types
described in the wetlands based on their particle size
distribution.




‘Table 2. Wetland Soil Types
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Wetland Soil Types Encountered
- ;;;—~—— ' sand, loamy sand, and sandy loam

BBC24 loamy sand and sandy clay loam -

ELS39 sedge peats

ELS61 sandy loam and loamy sand with pockets of mucky
peat

EIW1 sandy loam, loamy sand, and silty loam

Fci sandy loam, silty loam, loamy sand, and peat

HC13 sand and loamy sand

Jc28 silt, loamy sand, and peat

LCR93 peat and mucky peat

LPS9 sand and mucky peat

MGR36 loamy sand, sanay loam, and silty loam

PCl2 loamy sand, silty locam with pockets of sedge/grass

peat, and mucky peat

RR5 loamy sand

SR24 sand andtsandy loam with pockets of black mucky
pea

Many of the wetlands contained, at a minimum, some pockets of
peat soils, of primarily sedge/grass origin. Sandy soils were
most often located in the stream beds that flowed through the
wetlands. Examples of this soil type are B3I, HC13, LPS9, and
SR24. The solls which had high silt content, were often at the
edge of a flood input area. Examples of the latter are ELW1,
where there is a drainage ditch that enters the wetland from a
golf course, JC28, and PCl2 both of which currently receive
runoff from a drainage culvert.



Soil Cores--Chemical characteristics.

Redox Potential, and pH. (Appendix B2). As expected, the
wetlands that contained standing water had the most negative

redox potentials. These include B3I, BBC24, SR24, and MGR36.
There were portions of each of the other wetlands that were under
standing water for the entire summer, and areas that had drained
by the end of the season. This condition is reflected in the
different redox potentials recorded from the different cores
sampled in each wetland. Values of pH were acidic for all the
wetlands, as would be expected for most soils in the King County
climatic regime. The pH readings tended to be more alkaline in
the inundated soils and more acidic in the soils that were
drained for part of the year. This is especially cbvious in
ELS39 and LPS9 which are very acidic (pH less than 5.5), versus
B3I and BBC24, which have an almost neutral pH (6.51 to 6.6).

N, P, organic carbon content, and soil metal content. (Appendix
B3, B4). There is no apparent pattern to nitrogen, phosphorus
and heavy metal content(s) for the different soil cores in the
wetlands. They vary with the location of the cores sampled.
These values will be used as the baseline contents. Organic
carbon content (as indicated in the loss on ignition (LOI) value)
of the soils is, as would be expected, related to the soil type.
The peat soils contain the highest carbon content, and the sandy
soils the least organic carbon. This value will be used to
monitor siltation during the monitoring period as an independent
assessment from changes seen in the particle size distribution.

Microtox. Data for the Microtox analysis are reported in
Appendix B6. It appears that the more urban sites already display
toxic properties. These include ELW1, FCl, JC28, and ELSe61.
There are no data for B3I and ELS39, but it would be expected
that they too would have relatively toxic values. A few of the
more rural sites display more toxic properties than would be
expected considering their location. These include MGR36, BBC24,
and PCl2 (where there is a old dump located above the wetland).
The rural sites RR5, LPS9, LCR93, HC13, and SR24 all showed high
Microtox values, indicative of low toxicity, as would be
expected.

Litter decomposition study. Appendix B7 reports the baseline
chemical analyses for the litter samples. Healthy decomposition
will result in loss of chemical content and dry weight over time.
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EFFECTS OF URBAN RUNOFF ON WETLAND ZOOLOGY,
BASELINE INVESTIGATION.

INTRODUCTION

The values and natural functions of wetlands have attracted
increasing attention in the past decade (Goode et al. 1978,
Greeson et al. 1979) Wetlands are now considered sensitive
habitats of diverse functions that are protected at federal,
state and local levels. Of the many functions wetlands exhibit,
theirability to provide reting, feeding and breeding habitat for
a wide diversity of animals is among the most noticeable and
widely appreciated. Wetlands are disproportionately used by birds
and mammals and are, therefore, the single most productive
habitat for wildlife. Wetlands, because of their wildlife
populations, have thus become an important component of open
space values, enriching the quality of life in our ever
urbanizing landscape. Nevertheless, many hectares of marshes,
swamps and bogs are lost each year, since the biologic values of
these wetlands are still not well documented.

Animals in wetlands are also significant in ecosystem dynamics.
The distribution and abundance of invertebrates in running waters
and lakes has long been recognized as an important tool in
describing and assessing the general "health" of these aquatic
ecosystems. Recent research focusing on aquatic invertebrates in
wetlands, indicates the importance of insects in energy and
nutrient transfer within these ecosystems (Rosenberg and Danks
1987).

Macroinvertebrates are primary consumers of a complex wetland
food web. They also provide food for salmon and trout, the basis
of several commercial and sport fisheries, and comprise the
nutritional requirements of amphibians and birds. Aquatic
insects, because of their protein content, are frequently the
exclusive diet of young birds, without which survival would be
impossible.

Studies of amphibians, birds and mammals similarly have shown the
importance of these vertebrate classes to wetlands. Amphibian
eggs and adults are eaten by a wide variety of wetland birds and
furbearers. Additionally, the role that beavers and other
wetland mammals play in shaping aquatic ecosystems has been well
documented (Naiman 1988, Naiman et al. 1988).

OBJECTIVES

The invertebrate and wildlife studies of the Puget Sound Wetlands
and Storm Water Runoff Research Program intend to document the
impacts that urban stormwater inputs and urban development have
on wetland communities and also the impact that wetlands and its
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biota have on water quality. Specific research objectives for.
this program are to: ’

1. Document the. distribution and abundance of
macroinvertebrates, amphibians, birds, and mammals associated
with distinct wetlands in Puget Sound. This task regquires
identifying all species present (richness, Tramer 1969), counting
the numbers of each species (relative abundance, Bull 1981),
integrating the total number of species with the actual numbers
of each speciles (diversity, Tramer 1969, Poole 1975) and
identifying the wetland class in which animals were observed.

2. Identify wetland features and underlying ecological
processes that account for the animal populations observed by
correlating animal distribution and abundance data with water
quality and vegetation data.

3. Document constancy or change in animal species associated
with these wetlands over time.

4., Determine threshold characteristics for members of
various animal classes and trophic levels.

5. Develop and test scientific hypotheses that account for
the observed animal distributions and abundances within wetlands
and also account for differences in numbers in affected and
unaffected wetlands. ’

The diversity of animal classes, each with unique life histories
and adaptations to survive in wetland environments requires that
class—-, guild-, and even species-specific hypotheses be
formulated for testing the relationship between affected and
unaffected sites and the role of habitat change on animal
distribution and abundances.

Since information on changing wetland communities is limited,
this research project is also a pioneering study on the animal
communities found in palustrine wetlands of this region.
Combined, the achievement of these objectives will enable us to
determine the effects of urbanization and storm water runoff on
wetland animal populations and lead to an increased understanding
of the stress that human activities place on these ecosystems.

MACROINVERTEBRATES

Hypotheses

Hypotheses regarding macroinvertebrates assume that aquatic
invertebrates display a high diversity of habitat preferences;
primarily respond to wetland hydrology and secondarily water
quality; are uniquely adapted to detritivore, herbivore and
predatory trophic levels in aquatic ecosystems; and, because

|+



- A immatures and some adults are constantly in water, integrate the
'. effects of pollution within their tissues. Therefore, :

1. Macroinvertebrate species and their respective abundances
over time should reflect changing land uses, environmental
pollution, and general health of wetland ecosystems. ‘

2. Human activities will impact wetland ecosystems by
altering relationships between primary consumer, secondary
consumers and carnivore trophic levels.

3. Population numbers of Plecoptera, Trichoptera and some
Diptera, including certain chironomids, that may be
sensitive to toxic stress or nutrient enrichment should
decrease in numbers in treated as compared to unaffected
wetlands.

4. Population numbers of sensitive indicator species will
parallel changing water flows and water quality.

Methods

In September 1988 traps continually capturing and preserving
emerging aquatic macroinvertebrates were installed in seasonally
flooded emergent vegetation habitat of 14 wetlands. Traps were
added to an additional five wetlands in May 1989. Three emergent
traps, each with a 0.25 square meter basal area (Wisseman 1989),

‘ were clustered in each wetland. Starting in September 1988 traps
were emptied of macroinvertebrates semi-monthly. Traps were not
enmptied from mid-November 1988 to March 1989 because of low or
non-existent winter emergence.

Obligate aquatic invertebrates were rigorously classified and
quantified utilizing taxonomic keys. Dipterans (true flies) were
acsigned to the aquatic group, since it is thought that the vast
majority of taxa within this order have larval stages developing
in water or in saturated soils.

Wetland-associated terrestrial insects were also identified and
relative abundance data recorded. A taxa list was maintained to
provide information on these mostly herbivorous insects.

Results

Arthropods were captured in traps as soon as they were installed
in September but decreased significantly by mid-November. A
cursory descriptive statistical analysis of the high numbers of
emerging insects captured during the fall of 1988, combined with
estimates of variability, indicate that trapping data is
providing a good census of emerging aquatic insects (See Appendix
Cl). These capture data further suggest that robust statistical
comparisons of macroinvertebrate emergence data are possible by

' combining replicates at each site. Nevertheless, increasing the
number of replicates would be desirable. .

15



Emergence most likely occurs from mid-March through November,
with major hatching months in May and June followed by a second
peak in September through early November, as determined by .
extrapolations from 1987 survey data, 1988 intensive November
sampling, and from knowledge of invertebrate natural history
phenomena (Figure 1). A summer slack period most likely occurs,
and as expected, few invertebrates emerged in winter between mid-
November and mid-March.

A total of approximately 8,200 adults was captured from mid-
September through mid-November in 42 traps representing 14
palustrine wetlands. Total numbers of emerging adult aquatic
insects ranged from 147 to 11,135 per square meter (Table 3).

Three out of five macroinvertebrate classes were captured,
including 12 insect orders. Many of these, however, have strong
terrestrial affinities and are classified as terrestrial forms.
Oonly three insect orders, Plecoptera, Trichoptera and Diptera,
with strong aquatic affinities were present. Roughly 80% of the
insects captured represent emergence of adults whose larvae are
found in aquatic or semi-aquatic habitats.

Total insect numbers varied widely in wetlands surveyed, ranging
from a low of 147 at East Lake Washington 1 to a high of 11, 135
at East Lake Sammamish 61 (Table 3). Diptera dominated the fall
emergence period, with the Chironomidae, the midge family, being
most abundant. Other common dipteran families captured included
the Psychodidae, Tipulidae, and Empididae.

Habitat affinities for the major macroinvertebrate taxa captured
in emergence traps are presented in the 1988 research program
report and are reported in Appendix C2. The broad habitat
tolerance of some insect orders and families described in this
Appendix C2 indicates that for some groups the more restrictive
genus level needs to be investigated for meaningful insect
habitat correlations.
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Figure 1. Predicted Seasonal Macroinvertebrate Emergence
. phenology
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Table 3. Emerging Arthropod Densities (Numbers/Mz)
(14 September to 8 November 1988)

PALUSTRINE WETLAND SITES

TAXA BV3T BB24 CR93 FCl GR36 HC13 JC28

Plecoptera : 0 0 4 0 0 0 0
Trichoptera 1 -1 36 3 0 1 1
Diptera , ‘

Nematocera 132 365 1187 660 348 1085 396

Brachycera 153 21 551 12 57 171 47
TOTAL AQUATIC 287 388 1778 675 405 1285 444
Collembola 53 25 8 108 9 8 16
Psocoptera 41 152 128 0 31 24 21
Thysanoptera 8 5 16 11 3 . 0 o]
Hemiptera 3 0 3 0 1 1 1
Homoptera

Aphidae 52 7 43 185 27 8 0

Cercopidae 4 1 89 9 4 12 0

Cicadellidae 0 1 23 20 9 3 0
Neuroptera

Hemerobiidae 8 0 1 1 0 1 0
Coleoptera 1 12 28 3 13 5 1
Lepidoptera 1 0 1 3 1 5 0
Hymenoptera

Formicidae 4 0 1 0 0 0 0

Parasitoids 53 19 205 19 39 100 17
Arachnida 1 5 16 49 8 7 0
TOTAL TERRESTRIAL 231 228 563 408 145 175 57
GRAND TOTAL 517 616 2341 1083 551 1433 501

I



‘ ‘ Table 3. continued...
' ' PALUSTRINE WETLAND SITES

TAXA PC12 ©PS9 - RR5 1S39 LS61 SR24 LWl
Plecoptera -0 0 o] 0 0 0 0]
Trichoptera 1 3 8 5 3 1 0
Diptera :

Nematocera 332 963 4489 2392 10415 415 75

Brachycera 129 336 236 59 717 73 72
TOTAL AQUATIC 462 1301 4733 2456 11135 489 147
Collembola 135 49 79 800 63 11 73
Psocoptera 7 3 37 1 60 3 39
Thysanoptera 13 4 9 13 4 9 0
Hemiptera 0 3 1 1 3 0]
Homoptera

Aphidae 20 2023 . 23 55 12 4 4

Cercopidae 35 7 56 23 15 28 7

Cicadellidae 52 9 33 29 17 27 4
Neuroptera

Hemerobiidae 0 0 0 0 1 ] 0
Coleoptera 19 21 200 11 107 1 5

. Lepidoptera 0 0 16 0 4 0 0
- Hymenoptera

Formicidae 0 0 5 0 0 0 0

Parasitoids 75 91 89 91 163 40 32
Arachnida 11 1 9 17 3 1 4

TOTAL TERRESTRIAL 365 2211 559 1041 451 124 168

GRAND TOTAL 827 3512 5292 34897 11585 613 315
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AMPHIBIANS

Hypotheses

Most amphibians exhibit an aguatic phase that requires water for
breeding, egg development and larval growth. The presence of
water, its depth and changing quality may therefore reflect
amphibian taxa who are adapted to breed and develop under
specific conditions of these parameters.

Methods

The distribution and relative abundance of amphibians associated
with the wetlands under study were determined from traps and egg
mass counts. Pitfalls and Sherman traps were installed to
capture small mammals (see Mammals section), also served to
capture amphibians. In each wetland, coffee can pitfalls were
buried above the high water mark in two transects of 10 pitfalls
each. Traps were separated by 10 meters and transects marked.
Plastic collars inside cans prohibited amphibians from crawling
out, whereas a roofing shingle supported above the opening kept
out rain and debris. Traps were checked every morning and
evening for two weeks. Trapped amphibians were identified to
species and released.

Spring egg surveys were used to determine amphibian breeding in
wetlands. In April 1988 the palustrine open water (POW) adjacent
to diverse shoreline habitat types (PSS, PEM and PFO) within each
wetland was searched for egg masses. If eggs were found,
transects measuring 5 meters long and 2 meters wide were
established. Between April 3 and 21 in 1989, all wetlands were
again surveyed and additional transects were established wherever
egg masses occurred outside of previously established transects.
The numbers of eggs within each egg mass was estimated and both
length and width measurements were taken to the nearest
centimeter. A maximum of five POW transects with as many
different shoreline vegetation types as possible were established
in each wetland.

The life form (i.e., the plant community and successional stage
in which amphibians reproduce and feed) and the versatility
rating (i.e., the sensitivity of an identified amphibian to
habitat change) were taken from Brown (1985). Life history
phenomena were taken from Nussbaum et al. (1983).

Results
Ten amphibian species were either captured in traps or identified
as egg clusters (Table 4). Nine species were captured as adults

utilizing the wetland edge and nearby terrestrial environments
(Table 5) and only four species
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Table 4. Common, Scientific, and Code names of Amphibians
Identified in Surveys of 14 Wetlands

- —— - ————— —— - — - ——— - - —— - —— > > ——— —— - ——— ——— — ——————— — —— —

Common Name Scientific Name Code Nane
Northwestern Ambystoma gracile AMGR
salamander

Long-toed Ambystoma macrodactylum AMMA
salamander

Pacific giant Dicamptodon ensatus DIEN
salamander

Ensatina Ensatina eschscholtzi ENES
Western redback Plethodon vehiculum PLVE
salamander

Roughskin newt Taricha granulosa TAGR
Western toad Bufo boreas BUBO
Pacific treefrog Hyla regilla HYRE
Red-legged frog Rana aurora RAAU
Cascade Frog Rana cascadae RAOA
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were observed to breed in the surveyed wetlands as determined
from egg cluster searches (Table 6). This difference between
adult and breeding populations is currently being investigated in
the context of amphibian life history phenomena (Table 7),
wetland hydrology, and water quality. Amphibian species and-
shifts in their use of a wetland may be indicative of changing
water flows or water quality in wetlands.

The most abundant amphibians captured were the red-legged frog,
long-toed salamander, Northwestern salamander and Western red-
backed salamander. Total species and relative abundance numbers
of captured amphibians, however, varied widely by wetland.
Suprisingly, no amphibians were captured in East Lake Washington
1. Five species, the highest diversity in surveyed wetlands,
were found at Lower Puget Sound 9 and Mid-Green River 36.
Regardless, wetland amphibian data need to be carefully analyzed
in the context of animal biology. To initiate this correlation,
life history phenomena for amphibians captured by pit traps in
autumn or identified as adults or eggs during spring egg surveys
are presented in Table 7.

Table 6. Spring 1988 Summary of Amphibian Egg Cluster Counts
Within the Wetlands Surveyed.

NUMBER OF EGG CLUSTERS

SPECIES
WETLAND Northwest Red-legged Cascade Pacific  Unknown
Salam. Frog Frog Treefrog Species
BBC24 18 1 1l
ELSel 5 2
MGR36 1 ,
PC12 32 5
RR5 3 9
SR24 14 12
TOTAL 41 33 1 23 5



TABLE 7. Amphibian Life History Information

e VI G S T D WS G By G P M S G - S A T W S G W VP P W G D S S ey ST S TS D S e W oW G

 SPECIES TIME IN MONTHS
AQUATIC  BREEDING EMBRYONIC LARVAT TOTAL
PHASE (TIME PERIOD METOMORPH. REQ.

(REQ.) (EGG DEV.) PERIOD
N.W. YES J->M 1-2 12 13
SALAM, 3
LONG-TOED YES F->A 2-4 2-14 4->18
SALAM. 1-3
PAC. GIANT YES P.+FALL <6 18->24 ?
SALAM. 6->7
ENSATINA NO F->A 5-6 2.5 36

3
WEST. RED- NO N=->M 4-5 ? ?
BACK SALAM. 6
ROUGHSKIN  YES J->M 1 2 3
NEWT 3
PACIFIC YES J=->M 1 2 3
TREEFROG 3
RED-LEGGED YES F~>M 1 3->4 4=>5
FROG 2
BULLFROG YES M->A <1/4 12 12
WESTERN YES 1/4 ? ? ?
TOAD



BIRDS

Hypotheses

The bird hypotheses assume that bird distribution and abundance
are functions of vegetation structure and diversity. Therefore,

we may hypothesize that:

1. Bird species richness, diversity, and relative abundance
are correlated with the number and diversity of vegetation
community types (controlled for size).

2. Relatively undisturbed wetlands should exhibit a greater
portion of native as opposed to naturalized species.

3. The proportion of bird species with life forms 2 and 3
(wetland species) should be the same in control and in
treatment wetlands and should remain unaffected over time
if water levels and quality remain the same.

4. The proportion (abundance and distribution) of species
with low versatility ratings should be the same in control
and treatment wetlands and should remain constant over time
if water levels and quality remain the same.

5. The number and size of nesting territories within
wetlands remain constant if wetland conditions remain
unaltered.

There may be a high variability with a concomitantly unacceptably
wide confidence interval for predictive level of significance in
the bird data, therefore, some of these hypotheses may not be
easily tested.

Methods

Relative abundance of birds was determined per unit sampling
effort according to protocols outlined by Orians (Horner et. al.
1988 CZM Report) as adapted by Gracz (Appendix C3). Briefly,
birds were identified by non-terretorial calls, territorial song,
pecking and drumming, visual sightings and flyovers during 15
minute observations at permanent census stations. Different
ornithologists surveyed the same sites on consecutive mornings.

Life forms, the plant community and successional stage in which
identified birds reproduce and feed, and versatility ratings,
describing the sensitivities of bird species to habitat change
were taken from Brown{985).

>



Resulté-

A total of approximately 106 species of birds may be found in
Puget Sound Wetlands (Table 8). Roughly half of this total
number have been observed during each census. The data presented
in Tables 9,10 and 11, however, indicate that the seasonal bird
use of wetlands is complex and requires careful analysis. For
some wetlands species are seasonally replaced although total
species number remains relatively constant (e.g., SR24 and
ELS39). For other wetlands there is a dramatic change in species
number between seasons. For example, FCl is used by 37 species
in autumn but only five species in early spring. Spring breeding
data will further increase species numbers within these wetlands.
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. Table 8.

ACCL
AMB!
AMGO
AGWT
AMRO
AMW{
BAEA
BASW
BEKI
BEWR
BCCH
BHGR
8GWA
SWTE
BRCO
BRBL
BRCR
BHCO
BUFF
BUSH
CAGO
CEWA
cBCH
CHIC
Cocr
. CoGo
COME
COYE
COHA
DEJU
oirP
occo
DOwo
pucK
EVGR
FALC
FINC
FOSP
GADW
GWGY
GCX1
GBHE
* GRHE
GuLL
HAWO
N HAFL
HAWK
HETH
HEWA
HEGU

HOF1

HOSP
HUVL

KILL
LESC
LisP

MAWR

ACCIPITER SPP.
AMERICAN BITTERN
AMERICAN GOLDFINCH
AMERICAN GREEN-WINGED TEAL
AMERICAN ROBIN
AMERICAN WIDGEON

BALD EAGLE

BARN SWALLOW

BELTED KINGFISHER
BEWICK'S WREN
BLACK-CAPPED CHICKADEE
BLACK-HEADED GROSBEAK
BLACK-THROATED GRAY WARBLER
BLUE-WINGED JEAL'
BRANDT'S CORMORANT
BREWER'S BLACKBIRD
BROWN CREEPER
BROWN-HEADED COWBIRD
BUFFLEHEAD

BUSHTIT

CANADA GOOSE

CEDAR WAXAING
CHESTNUT-BACKED CHICKADEE
CHICKADEE SPP

COMMON CROW

COMMON GOLDENEYE
COMMON MERGANDER
COMMON YELLOWTHROAT
COPOER'S HAWK
DARK-EYED JUNCO

DIPPER

DOUBLE CRESTED CORMORANT
DOWNY WOOOPECKER

DUCK SPP.

EVENING GROSBEAK
FALCON

FINCH SPP.

FOX SPARROW

GADWALL

GLAUCUS-WINGED GULL
GOLDEN-CROWKED KINGLET
GREAT BLUE HERON
GREEN-BACKED HERON
GULL SPP.

HAIRY WOOOPECKER
HAMMOND 'S FLYCATCHER
HAWK

RERNIT THRUSH

HERNIT WARBLER

HERRING GULL

HOODED MERGANSER

HOUSE FINCH

HOUSE SPARROW
HUTTON'S VIREO
KILLDEER

LESSER SCAUP

LINCOLN'S SPARROW
MALLARD

© MARSH WREN

MERL
MEGU

NAWA
NOFL
NOOR
NORA
NOSH
OSFL
OCWA
PECO
PBGR
PIWO
PISI
PINT
PUF1
RAIL
RECR
RBME
RBSA
RBNY
RTHA
RWBL
RBGU
RKDU
RCOO
RCKI
RUDU
RUGR
RUKU
RSTO
SSHA
SKF1
sosP
SORA
SPAR
STAR
STJA
SWTH
THRU
TOWA
TRSW
UNK

VATH
VIRA
WAV]
WEFL
WETA

WENU
wese
WIFL
WIWR

YEWA
YRWA

Code and Common Names for Birds That May Use
in the Puget Sound Area.

MERLIN

MEW GULL

MOUKTAIN BLUEBIRD
NASHVILLE WARBLER
NORTHEN FLICKER
NORTHERN OR[OLE
NORTHERN RAVEN
NORTHERN SHRIXE
OLIVE-SIDED FLYCATCHER
ORANGE-CROWNED WARBLER
PELAGIC CORMORANT
PIE-BILLED GREBE
PILEATED WOCOPECKER
PINE SISKIN

PINTAIL

PURPLE FINCH

RAIL SPP.

RED CROSSBILL
RED-BREASTED MERGANSER
RED-BREASTED SAPSUCKER
RED-BRESTED NUTHATCH
RED-TAILED HAWX
RED-WINGED BLACKBIRD
RING-BILLED GULL
RING-NECKED DUCK

ROCK DOVE

RUBY -CROWNED KINGLET
RUDDY DUCK

RUFFED GROUSE

RUFOUS HUMMINGBIRD

RUFOUS-SIDED TOWHEE

SHARP-SHINNED HAWK
SMALL FINCH SPP.

SONG SPARROW

SORA

SPARROM SPP.

STARLING

STELLER'S JAY
SWAINSON'S THRUSH
THRUSHK SPP

TOWNSEND 'S WARBLER
TREE SWALLOW

UNKNOWN

VARIED THRUSH
VIRGINIA RAIL
WARBLING VIRED
WESTERN FLYCATCHER
WESTERN TANANGER
WESTERN WOO0 PEEWEE
WHITE-BREASTED NUTHATCH
VHITE-CROWNED SPARROW
WILLOW FLYCATCHER
WINTER WREN -
wooD DUCK

WOCOPECKER SPP.
YELLOW WARBLER
YELLOW-RUMPED WARBLER

Wetlands



Species found in most wetlands and most often in fall and early
spring include common crow, golden-crowned kinglet, winter wren,
‘American robin, hairy woodpecker and rufous-sided towhee. Least
common at this time are spring breeders including Brewer's
blackbird, gadwall, wood duck, Lincoln's sparrow and several
swallow species. Significant sightings included those of raptors
such as osprey in MGR 36 and kestrel in LCR93.

Table 9. The Number of Bird Species Identified in Autumn 1988
and Early Spring 1989.

e . i . G e et e . T e P e T T — S ————— - ——— " — f——— o t—— o — . S —— " ——— Y — T ——— o

WETLAND AUTUMN EARLY SPRING
BBC24 26 19
RR5 20 17
SR24 28 26
ELW1 25 11
MGR36 17 13
KE - 12
TC13 - 10
AL3 - 8
HC13 15 11
rcilz2 20 20
ELS39 16 14
B3I 23 : 14
LCRS3 18 14
LPSS 27 30
SCc4 - 15
5C84 - 20
Jczs 28 18
ELS61 25 8

FCl 37 5



‘Relative Distribution and Abundance of 1988 Autumn-

Table 10.

Censused Birds.
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. Table 11. Distribution and Abundance of Early
Spring 1989-Censused Birds.
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BRSEMKTAHPEBLLSSJETF
BRRLGLCLCCL3CPCCCLOC
C52WRE1311SIRSA48251
2.413.3.323.99.486.
T TS SN S

SPECIES RELATIVE ABUNDANCE
HOME 122---+-- - 1======- 1 -
OCWA 2-21-==121==-=-=-= 1 -
HUVI —11---1=-====-+ 1=-----
PIWO 121------~ 11--~-- 1 - -
WCSP 1=-2=-=-==211=-==-1=--1-=-
FINC I T S 3~ - -
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WOOD Sl - 1 -~ - -
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MAMMALS

- Hypotheses

Small mammals, similar to macroinvertebrates, amphibians and
birds, are indicators of the environmental health of wetlands.
They also exhibit the ability to shape wetlands through their
influence on soil, water and plants.

Methods

The initial methods used to census mammal populations are
described in the proposed methodology paper provided in Appendix
C4. Unless discussed in this report, procedures followed this
original design. The most significant departure was the deletion
of spring trapping. Without spring sampling there is no way to
distinguish habitat sinks (habitats in which populations become
seasonally extinct) from continuously occupied or "survival"
habitats.

Initially four people were scheduled to sample 14 wetlands,
travel time between sites however rendered this approach
unworkable. Traps could not be. checked frequently enough,
resulting in excessive mammal deaths. Therefore, two people were
added to the crew. If experienced animal trappers can not be
found to operated these traps in the future, six people must be
considered a minimum crew. Even with the added personnel, traps
were not checked at time intervals short enough to avoid high
trap mortality of insectivores.

Wood stakes instead of alluminum were used to mark trapping
locations. Blue flagging was used to distinguish the trap sites
from locations of other censuses. The trapping transects have
been included on maps being prepared for each wetland. To
minimize the adverse effects of soil water on pitfall traps,
i.e., flooding and ejection of cans due to hydrostatic pressure,
pitfall transects were located abeove spring high water level
were possible. The Sherman traps were placed as near the land-
water interface as practical.

Pitfall traps were operated for 14 days, as originally planned.
Groups of 50 Sherman traps were alternately operated between
wetlands for three consecutive days for a total of six days
trapping per wetland. When only two wetlands were sampled,
Sherman trapping was completed in 12 days. This period extended
to 18 days when three wetlands were sampled.

Life form, the plant community and successional stage in which a
captured small mammal reproduces and feeds, the versatility
ratings, and the sensitivities of small mammals to habitat change
were taken from Brown (1985).



Results

Seventeen mammalian species were captured in the pitfall and
Sherman live traps (Table 12). The most abundant mammals overall
were the two deermice, Peromyscus maniculatus and P. oreas, the
two voles, Microtus oregoni and M. townsendii, and the three
shrews, Sorex monticolus, S. trowbridgii, and S. vagrans. The
most unusual capture was of the masked shrew, Sorex cinereus, a
fairly rare species in this area.

Total captures indicated by trapping technigque are given in
Tables 13 and 14 and are standardized on catch per unit effort
(captures per 100 trap nights) in Tables 15 and 16. Altogether
573 mammals were captured. As expected from biases of each
trapping technique, there were consistent differences in the
capture totals between pitfall and Sherman live trapping (cf
Tables 13 and 15 with Tables 14 and 16). Pitfall trapping
resulted in the capture of 14, and Sherman trapping in the
capture of 18, mammal species. Pitfall traps captured a high
proportion of insectivores and relatively few of the larger
rodents, a pattern reversed for Sherman trapping.

The range of species diversity among wetlands was wide (Tables 13
and 14), varying from a low of just one species in East Lake
Washington 1 to a high of 16 in Lower Cedar River 93. Some of
these sites have already been severely altered by urbanization,
and harbor minimal populations of native species, e.g., East Lake
Washington 1 and Bellevue 3I.

Trap deaths for both techniques were high (Table 17). This is
not a necessary outcome of these techniques, but rather reflects
the inexperience of trappers and the excessively long intervals
between trap checks. As explained in the study design,
insectivores often do not survive beyond about four hours unless
well provided with food and thermal protection. Although
sufficient food and synthetic fiber should have been provided in
each trap, some traps were not checked for 12-14 hours. This
period was too long, and not only did insectivores die but even
rodents died.



Table 12. Common Scientific Names of Mammals Identlfled in

Surveys of 14

Wetlands and Code.

—— — ——— ——— —— —— — ——— —— ————— " —— ————— ————— — . — e —— ——— —————————— — v ——

Common Name

Scientific Name

Marsh shrew

Masked shrew
Montane shrew
Trowbridge's shrew
Vagrant shrew
Shrew-mole
Townsend's mole
Deermouse

Forest deermouse
Southern red-backed vole
Long-tailed vole
Creeping vole
Townsend's vole
Black rat
Townsend's chipmunk
Douglas squirrel
Ermine

Sorex bendirii

Sorex cinereus

Sorex monticolus

Sorex trowbridgii
Sorex vagrans
Neurotrichus gibbsii
Scapanus townsendii
Peromyscus maniculatus
Peromyscus oreas
Clethrionomys gapperi
Microtus longicaudus
Microtus oregoni
Microtus townsendii
Rattus rattus

Tamias townsendii
Tamiasciurus douglasii
Mustela erminea

SOBE
SOCI
SOMO
SOTR
SOVA
NEGI
SCTO
PEMA -
PEOR
CLGA
MILO
MIOR
MITO
RARA
TATO
TADO
MUER



Fall 1988 Pitfall Capture Summary

TABLE 13.

TOT

JC28 ©LCRS3 1LPS9 MGR36 PCl2 RRS5 SR24

FCl1 HC13

ELS39 ELS61 ELWl

BBC24

SPP B31

0
o

SOBE

SOCI

-

SOoMO O
SOSP
SOTR
SQVA
NEG1

4]
0]
1
0

0
0
1

SCTO O
PEMA O
PEOR
PESP

CLGA

MIIO O

MIOR O
MITO

0

RARA O

0]
0]

TADO ©

RASP

TATO

0]

MUER

TOT

- 15

14

21

15

16

11

24

TOT

2

SPP




Fall 1988 Sherman Trap Capture Summary

TABLE 14.

TOT

RR5 SR24

FC1 HC13 JC28 LCR93 LPS9 MGR36 PCl2

ELW1

ELS39 ELS61

"BBC24

SPP B3I

ooxxogérco

SOBE 0
SOCI

0
0
0
0
0
0

SOMO
SOSP
SOTR
SovAa
NEGT
SCTO

PEMA

e er )

0
2

PEOR O

10

48

14

21

23

23

12

15

128

10

35

30

27

0
0
0
0
0
3
Q

PESP
CLGA
MILO
MIOR
MITO

11

RA
RASP

0
0
0

TATO

TADO

MUER

46 38 62 66 30 21 22 11

36

44 33

11

TOT
MAM

TOT

2

SPP
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Fall 1988 Sherman Trap Capture Summary Per 100 Trap Nights

TABLE 16.

TOT

LPS9 MGR36 PC1l2 RR5 SR24

LCR93

HC13

FC1

ELS39 ELS61

BBC24

SPP B3I

- Jc2s

ELW1

SoMO 0O

.

0.4

SOTR O
SOVA

65.1

0

-

19.4

2.4

PEMA 0.7
PEOR
PESP

20.2

0
0

CLGA O

51.9

17.4

10.3

10

.

0
0

MILO
MIOR

15

1.1

-

MITO O

RASP O

TATO O

0

TADO
MUER O

total adjusted
For each species, total captures/TAT = total captures/available trap night.

300 total trap nights - the number with different species and recaptures

trap nights (TAT).

NOTE



Table 17. Fall 1988 Capture Summary of Mammals Found Dead in
Sherman and Pitfall Traps.

o e o e e e e e o " - = ————— —————— o~ —— - _———— —— ———— T — — " —— ot . T . i Tt 2

TRAP TYPE TOTAL TOTAL PERCENT
SPECIES PITFALL SHERMAN DEAD CAPTURED OF TOTAL
AMGR 1 0] 1 11 9
PLVE 1 0 1 12 8
RAAU 1 0 1 31 3
SOBE 5 1 6 6 100
SOCI 1 0 1 1 100
SOMO 10 5 15 23 65
SOSP 1 0 1 1 100
SOTR 19 5 24 37 65
sova 10 2 12 19 63
PEMA 1 13 14 177 8
PEOR 0 4 4 47 9
PESP 1 6 7 144 5
MIOR 2 8 10 68 15
MITO 4 1 5 23 22
TOTALS 57 45 102 600
PERCENT DEAD OF MAMMALS 99 OF 573 17
PERCENT DEAD INSECTIVORES 59 OoFr 87 68



With proper attention to minimizing the time intervals between
trap checks, trapping techniques are working well in the
monitoring of mammals. To improve survivability we recommend
using hamburger instead of suet because insectivores accept it
more readily. We also suggest that traplines be checked more
frequently and inspected in spring to ensure that the pitfalls
are indeed located above spring high water and again later in
summer to see if lines are functional for upcoming autumn
censuses.

Concerns center on the overall design of the survey, which
excludes the spring sampling period. Without a spring sample,
understanding of the temporal use of the sites is lost. For
example, we are unable to establish if wetlands are inhabited in
average years and unable to support populations in severe years.
Given that funds are not available for spring sampling, we are
analyzing the possibility of eliminating a number of wetland
sites not providing valuable information from future trapping and
in turn substituting spring surveys at more productive sites.
Specifically, we suggest eliminating sites with low diversity or
low abundance of mammals, as these sites are most likely
inhabited just in fall, the season of peak numbers.

We are also analyzing the current pairings of wetlands for future
comparisons. We are unsure that the chosen pairing criteria are
relevant to small mammal analyses. For example, matching Harris
Creek 13 with East Lake Washington 1 would prove unfortunate, as
East Lake Washington 1 has no species diversity. Its mammal
fauna consist exclusively of old-world rats. In this light, the
vegetation and other features of wetlands need to be identified
and accounted for in future work.

<1
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Appendix Al Soils Methodology- Core Sampling
KING COUNTY WETLANDS SURVEY

SAMPLING OF SOILS OR NON-SOIL SUBSTRATES
(Full and Partial Coverage Sites)

Select 10 sampling locations according to the following genéral plan:

in PFO (forested) zone

in PSS (scrub-shrub) zone

PEM (emergent) zone

in POW (open water) zone

in major inlet channel (if any)
in major outlet channel (if any)

- = NN NN
5

It zone(s), inlet, or outiet are not present, allocate samples 1o zones that are
present in proportion 10 the approximate percentage of the total wetland area
that they cover. Multiple locations in the same zone should be spaced as widely
apart as feasible. Use one of the aerial photographs to show these locations
(mark this photograph Soil Samples).

Take a soil core 15 cm in length at each of the 10 locations and perform field
characterization of texture (see following procedure)

At full coverage sites only, take a second 15 cm soil core at five of the 10 loca-
tions according to the foliowing ogeneral plan:

in PFO (forested) zone

in PSS (scrub-shrub) zone

in PEM (emergent) zone -

in POW (open water) zone

in major inlet channel (if any) or major outlet channel (if inlet absent)

-t md el ek -d

If zone(s), inlet, or outlet are not present, allocate samples as directed above.
Mark these locations on the aerial photograph.

Seal these samples to exclude air and return to the laboratory for analysis of
particle-size distribution, organic content, and pH/redox potential.

At full coverage sites only, take a third 15 cm soil core at three of the 10
locations according to the following general plan:

1 in PEM (emergent) zdne in vicinity of major inlet (if any)
1 in POW (open water) zone in vicinity of majbr inlet (if any)
1 in major inlet channel (if any) or major outlet channel (if inlet absent)

If zone(s), inlet, or outlet are not present, allocate samples as directed
above. Mark these locations on the aerial photograph.

Return these samples to the laboratory for analysis of nutrients, metals, and
Microtox.



KING COUNTY WETLANDS SURVEY

FIELD CHARACTERIZATION OF SOILS OR NON-SOIL SUBSTRATES
(Full and Partial Coverage Sites) '

I. General Classification:

Estimate proportions of boulders, cobbles, gravel, and finer grained soils (sand,

silt, clay).
boulders >12”
cobbles 3 to 12"
gravel! 3" down to #4 sieve (4 openings per inch)

Il. Soil Type Description:

Sand, silt, and clay components. Silt and clay make up the fines.

Silt is non-plastic
Clay is plastic

Typical soil types are:
Sandy silt
Sandy clay
Silty clay

etc.
(See attached summary sheet for the Unified Soil Classification System)

Use the visual soil identification system that follows.
Visual ldentification of Soil Types
Sand, silt, and clay content of a soil can be determined in the field using several

manual tests, all of which should be performed if time permits.

1. Shaking and jarring a wet pat of soil in the paim of your hands, then squeezing
the pat between your fingers:

Sand - Quick reaction; water appears quickly when shaken and disappears
quickly when squeezed.

Silt - Moderately quick reaction; water appears with vigorous jarring of
hand and looks glossy.

Clay - No reaction
2. Biting a bit of moist soil with front teeth.

Sand - Feels gritty



Dry strength. Dry a moist pat in the sun, on your car hood, engine block,
mufiler, etc., then snap the pat. :

Sand - . Little strength

sitt - Harder 1o snap, but still not difficult

Clay - Tough; difficult to snap
Feel of dry powered soil between fingers:

Silt - Feels soapy or like fiour.

Sand - Feels g;itty
Toughness. Moisten and mold pat to consistency of putty, Roll between hands or
on hard surtace to a thread 1/8 inch in diameter. Fold and re-roll repeatedly
until it crumbles. Mold into lump.

Sand - Cannot be rolled to 1/8" diameter.

Siit - Thread not strong, final lump stiff, hard to roll out.

Clay - Thread tough, final lump very stiff.

Organic Clays - Weak and spongy feel when reaches plastic limit
(after folding and re-rolling thread until it crumbles).

Tests for high organic content:

a. Fresh wet samples have odor of decomposed material. Can be accentuated by
heating.

b. Dark color.
Smear test. Smear a moist sample between thumb and forefinger.
Clay - Will stain fingertips

Organic material -  Will leave dark coating on fingertips, but easy {o
remove, Also watery, less sticky than clay.
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appendix A2 Soils Methodology=- Microtox Analysis

Protocol for Soil Sampling for Microtox Analysis

1. Select 3 locations in the permanent flow channel or
intermittently inundated zone within 20m of each inlet. If
there is no inlet, select 3 locatiens in the open water or
intermittently inundated zone.

2.- Collect the top 10cm of soil at each location selected in
step 1, using a soil cover (or trowel, if sample will not
stay in corer). Composite all sample from a wetland and mix
thoroughly. Use a clean bottle and teflon stirrer. Rinse
stirrer with distilled water after use.

3. Put an aliquot of thcoroughly mixed sample in a small
vial. Label with wetland name and date.

4., Deliver as many vials as possible (up to 10-12) at a
time to Metro for analysis. Deliver same day as collection.



Appendix A3 Soils Methodology- Redox Potential Sample
Preparation

Redox Potential

To measure redox potential of soil, take a core with a 3 - 5
cm sampling tube. Push out core with large dowel. Mark the
10cm to 25cm depth portion of the core. Measure here.
Insert the platinum electrode of the redox probe into the
core sufficiently to allow contact with the sintered glass
electrode on the body of the device. Allow the reading to
stabilize. Record. Repeat at 9 other points on core.
Average. Warning: roots export oxygen to the soil,
increasing redox potential; do not make measurements in a
clump of roots. Correct redox (EH) readings to a standard
PH (6 or 7) using the conversion below. If transporting to
the 1lab, store cores in a jar into which the core fits
snugly. Top off with water. Xeep cool and out of the sun.

*Eh increases by 59mv for each unit of pH decrease. Redox
may be converted to Eg or E7.



METHOD
OXIDATION REDUCTION POTENTIAL

EQUIPMENT REQUIRED

1.
2.pH e;ectrode.
3. Two pH meters.
4. Nalgene trays

REAGENTS REQUIRED

1. Fisher 4M Potassium Chloride

Fisher No. So-P-135.

CALIBRATION OF INSTRUMENTS

1. Calibrate the pH meter using

DETAILS OF ANALYTICAL PROCEDURE

1. Check that the electrolyte level in the platinum (Pt) electrode
filling hole.

1/4 inch below
AgCl if needed.

the

2.-Remove the red cot from the bottom of the electrode and

the salts.
plug is gently blotted dry.

3.
a
the bottom of the electrode.

In order for the Pt electrode to function correctly,

Appendix A4 Soils Methodology- Redox Potential

(REDOX)

Platinum combination electrode.

(KCl) solution saturated with AgCl.

two standards.

is
Use the 4M KCl saturated with

rinse off

Gently dry with a Kimwipe and be sure that the porous

there must be

flow of £filling solution through the porous plug located towards

Lower the rubber sleeve until the

£il1ling hole 1is exposed. Place the electrode upright in an empty
beaker. You should be able to see mo¥sture in the porous plug earesa
within several minutes after blotting dry. 1If you do not, =see the
troublshooting section below. ‘

4. Once flow.of -electrolyte has been established, connect the
electreode to the Altex 71 pH meter.

5. With the rubber sleeve below
into the soil core until the’
that are thick with roots,

6.

Press the CLEAR button, then

7. When the reading '

the filling hole, insert
porous plug is covered.

the electrode
Avoid areas

and avoid rocks.

the [rel mV] button on the meter.

record the mV reading.



METHOD
OXIDATION REDUCTION POTENTIAL (REROX)Y

8. Repeat this 7 or 8 times in various areas of the soil core.-

g, Take a pH reading in the core and record the value.

1C. Gently remove as much soil from the electrode before taking read-
ings on the next core. Rinsing the electrode should be avoided.
If you must rinse, allocw the electrode to equilibrate before
recording the next reading.

11. When finished with the electrode, slide the rubber sleeve to cover

the filling hole, rinse the electrode well, and place the red cot
on the end until the porcous plug is covered.

TROUBLESHOOTING TEE ELECTRODE

1. If unable to establish flow of electfolyte through porous plug:

-hold electrode (cap up) at a 45 angle between thumb and
forefinger on left hand, so that filling hole faces out and is
directly opposite base of thumb.

-Insert the spout of the €£filling solution bottle into the
filling hole,  do not allow <contact of the spout with the
internal element. :

-Make sure that electrode is supported by base of thumb, then
firmly press spout into filling hole to make an airtight seal.

~-While maintaining seal, sgueeze filling bottle firmly so that
electrode become pressurized. Liguid should appear at the plug

~in about 30 seconds. If flow does not occur in several
minutes, .
see the rejuvenation section below.

2. If the liquid junction should become partially blocked:
-inspect reference cavity for crystallization.

—-if crystals are evident:
a) remove filling solution by shaking it out through
filling hole.
b) rinse cavity with DDW until all crystals are disolved.
c) refill cavity with electrolyte solution.

~-1f the above does not work:
a) soak electrode overnight in @.1M KCl.
b) boil ijunction in @.1M KCl for 18 minutes.
c) cerzfully sand or file the porous plug junction.

CLEANING



METHOD
OXIDATION REDUCTION POTENTIAL (REDOX).

SIMPLE CLEANING ) )
1. Wash electrode surface with a good detergent. rise well.

2. Polisﬂ platinum wire with scouring powder (gently!), rinse well.

" REFERENCE -

Ugolini, F.C. 1986. Soils Analysis Laboratory Manual.

College of Forestry University of Washington, Seattle,
Wa..
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PH

The measurement of soil pll is one of the easiest and most common
soil chemical determinations. Soil pH determines, in part, the aveilabllity
of most soil nutrients. The pH gives an indication ofAthe amount of
water passing through the soil profile. The soill acidity has an inverse
relationship with base saturation. In spité of the iwmportance of this
neasurement, there is no single universally accepted method for making
it. The soil:water ratio recommended by various investigators varies
from a saturated soil paste to a 1 to 10 soill suspension. Various
solutions are recommended for suspending the soil. pH values are therefo;e
only qualitative unless the method used as well as the value determined
are specified. We propose to measure the pll of the samples using a
glass electrode pH meter. We will do two determinations on each sample.
One with the s0il sample saturated and one with a 1 to 1 soil to solution
ratio. In both cases, the soils will be mixed with 1 meolar solutionm of
potassium chloride. This breaks down the-electric double layer éurrounding
the soil particles and equalizes the distribution of hydrogen ions

throughout the solution.

Procedure

1 to 1 weight percent soil solutions and saturated soil paste will
be prepared withvl M potassiuﬁ chloride. These will be éllowed to stand
for 1 hour. The pH meter will be calibrated with standard pH4 and 7
solutions. The electrodes will be inserted in the soil paste and the pRH

will be determined.

Jgaling 1956,



Appencix &5

Soile Methodology- Particle Size Analysis

PARTICLE FRACTIONATION AND PARTICLE-SIZE ANALYSIS
113131 I LI ITTLIIITLITIITIIIIIIILITIIIIILIETINYE

Purpose-

This

procedure involves the <dispersion and subsequent

fractionation of soil samples into proportions of distinct
classes eaccording to size. It is to be used following the
removal of organic materials, amorphous iron (and if
necessary, imogolitet*), which tend to act as binding agents
for soil particles. Particle-size analysis involves:

1. the use of sedimentation rates to determine silt and
clay fractions.

2. dry sieving to determine sand fractions.

3. isolation of clay samples for use in x-ray analysis
(optional).

* See the oxalic &acid treatment procedure - this may ‘be
NeCesSaery for soils derived from volcanic eashes,
especially those from the B horizon.

A. Prepering the samples.

1.

Beginning with epproximately 50 g of each sample, remove
the organic materiel and iron oxides using the procedures
outlined elsewhere in this menual.

After these removel procedures, cerefully pour each sample
from the centrifuge bottle into a large eveporasting dish.
With distilled water, rinse as much soil from the bottom
and sides of the bottle 2s possible into the dish {the less
water you can do this with, the shorter the drying tinme).
Transfer the labels from the bottles to the dishes.

Plece the eveporating dishes on top of the oven and allow
the water +to0 evaporate almost entirely. This may teke a
couple of days.

The samples will harden a8 they dry, and will need to be
disaggregated. To do this, moisten with & slight emount of
distilled water to soften the soil. Wait a few minutes and
then gently scrape your semple off the sides =z2nd bottom of
the dish, making & pile in the center of the dish.

Remember three things:
- Scrape off any clay that may form a ring earound the
inside of the bowl. A few squirts of distilled water
will fecilitate this.

- Go easy on the amount of water used as you do not want

]



to wind up back at step two.

- Go easy on the scraping as you do not want to crush
particles and thus throw off your analysis.

Allow your samples to dry on top of the oven one more time
and then gently break wup the pile so that it is well
disaggregated and piled into the center of the bowl.

B. Preparing the Cylinders

1'

The sedimentation cabinet holds eleven 1000 ml cylinders at
a time, one of which is your standard. For each sample,
weigh out 40 g of soil into a 400 ml plastic beaker,
recording both the sample number and the exact weight of
the soil wugsed. Save what remains of each:semple for dry
weight analysis (See Section C).

Add 200 ml of distilled water to the beaker and place the

mixture under the Braun Sonicator. Sonicate for 15 to 20
seconds to disaggregate all the particles and then pour off
into one of your cylinders. Rinse the sides and the

bottom of the beaker into the cylinder with a squirt bottle
to get all of the remaining particles. Label the cylinder.

o

At this point you will need to prepare a solution of 10 %
Calgon that you will add a portion of to each cylinder,
including the standard cylinder. Calgon is a softening
agent that will aid in the dispersion of the sample.

To prepare the Calgon solution, either use commercial
Calgon, or

Add 10 g of sodium hexametaphosphate (NaPQO3)s
to 1 liter dHzO
and adjust to a pH = 8.3 with sodium carbonate (NagCO03)*

x (Seé Black, et al, eds., 1865, Methods of Soils Analvzics,
p. 550 for more information on this procedure.)

Once you have prepared the Calgon solution, add 5 mls to
each cylinder, including the standard cylinder, so that the
final concentration after bringing the cylinders up to
volume (1 liter) will be 0.5 %.

After adding 5 mls of 10 % Calgon, bring the cylinders up
to volume, label, and place into the sedimentation
cabinet. Insert the hydrometer into the standard cylinder,
and lower it into the back right corner of the cabinet
(looking from the control panel on the cabinet) near the
thermometer. There is no clip for this cylinder.



8l

cC.

D.

Once all of the cylinders are in the sedimentation cabinet,
bring the volume of water in the tank up so that it more
than covers the pump intake (the vertical pipe in the
center of the tank) and. turn on the pump. DO NOT RUN THE
PUMP DRY!!! If you are running the pump for an extended
period of time, be sure to frequently check the vwater
level, adding more when needed.

Allow your cylinders to equilibrate to 30°C overnight.

Dry Weight Analysis.

Place what remains of each sample into a weighed, labelled
tin boat. Record the weight of each sample minus the
weight of each bosat.

Dry the samples overnight in an oven at 105¢C. Reweigh and
record the dry weight of each sample. The percent change
in weight is wused as a correction factor for your samples
in the sedimentation cabinet.

Particle Size Analysis.

Record the hydrometer reading for the distilled water
cylinder., The hydrometer scale is read at the top of the
meniscus as the customary technique of viewing the stenm
from beneath the surface of the liquid is not possible with
soil suspensions. - You can determine the position of the
meniscug and the reading on the scale by viewing the sten
from an angle of 10 to 20 degrees above the plane of the
liquid. Be «consistent in your reading technique from
sanple to sample.

You will be taking bhydrometer readings for each sample at
i, 3, 5, 10, 30, 90, 270, =and 720 minute intervals. It is
most convenient to do the 1, 3, and 5 minute readings one
sample at a time. The rest of the readings can be done for
all samples together. Begin by taking the long metal
plunger and inserting it into the first cylinder. The
object is to completely mix the sediment throughout the
water c¢olumn. To do this, move the plunger up and down
with a simultaneous twisting at the bottom of the stroke
(the plate at the bottom end of the rod is designed to get
under any sediment on the bottom of +the c¢ylinder without
crushing particles). Mix well with the plunger bringing
sediment to the top of the cylinder while being careful not
to splash any sample over the sides.

When the sediment is well-mixed, perform one final wupward
stroke, remove the plunger, giving it a quick, twisting



E.

rinse at the top of the water column, and immediately star
your timer.

.To takevyodr one minute reading, remove the hydrometer fro:

the distilled water cylinder, allow it to drip for a fe:
seconds and carefully lower it into the center of you:
sample cylinder (this is done slowly 80 as not to stir u;
the settling particles). You should make a guess as t«
your one minute reading and lower the hydrometer to tha-
estimated point on the hydrometer scale. This minimize:
endless bobbing of the bulb. If you mis-guess this point,
you can always remove the hydrometer, mix again, and re-do.

At one minute, record your reading.

Slowly remove the hydrometer from the cylinder, hold it
suspended just above your sample water level, rinse it witkh
distilled water, and return it to the distilled water
cylinder. ’

Give yourself about 30 seconds before each of your 3 and ¢
minute readings to remove the hydrometer from the distilled
water cylinder, and place it into your sample cylinder.
Use your previous reading as a guide for depth of release.

The 10, 30, and 90 minute readings can be done with all .the
cylinders as follows: Set your clock &t 1 hour and 40
minutes. Remix the mixture in the first cylinder. After
removing the plunger, start the clock. You will teke the
ten =minute reading for this c¢ylinder in exactly ten
minutes. In the meantime, walt thirty seconds and then
begin stirring the next sample. Stir it for 30 seconds,
remove the plunger, wait 30 seconds, stir the next sample
for 30 seconds, remove the plunger, wait 30 seconds, stir
the next sample for 30 seconds, and so on down the line.
At 1 hour , 30 minutes and 30 seconds, remove the
hydrometer from the distilled water cylinder, lower it into
your first cylinder and take your reading at 1 hour 30
minutes. Remove the hydrometer, rinse, and at 1 hour, 29
minutes and 30 seconds, lower it into your second cylinder
and take. your reading =at 1 hour 29 minutes. Continue
taking readings on the minute for the remainder of your
gsamples., Similarly, at 1 hour 10 minutes and 30 seconds,
begin taking readings for the 30 minute interval. At 10
minutes 30 seconds, begin taking the 90 minute interval
readings.

The final two readings can be done in =& similar fashion.
Due to the length of the intervals, it 1s wise to remix the
cylinders in the morning, take the 270 minute reading in
the afternoon and the 720 reading the feollowing morning.

Drawing off clay fractions for x-rai analysis.



GC. The Celculations,

. : Refer to Table 4 at the end of this section for the data
record sheet and listing of the necessary calculations, The
lab also has a program written for an HP programmable
calculator that will perform these calculations.

The tables given below are ultimately derived from Stoke's
law, where:

To determine the terminal velocity (2) of a particle
settling in a liquid medium -

2a2
2 = =----- (Ds - D1)
Sv
where Ds = specific gravity of the sphere (usually 2.85)

D1 = specific gravity of the liquid (usually 1.00)
v = viscosity of the liquid at the given temp.
a = sphere radius

Terminal velocity is attained when the drag force = acceleration
. due to gravity. ’



TABLE 1

Sedimentation timest* for particles of 2, 5 and 20u diameter,
settling through water for a depth of 10 cm. o

Temperature Settling time with indicated particle dia@ﬁter
°C _ 2 _microns 2_microns 20 migcreons
hr. min. hr. min. hr. min.
20 8 : 00 , 4 : 48 1 17
21 - T 49 4 41 1 : 13
22 7 ¢ 38 : 4 : 35 1 ¢ 13
23 7 27 4 : 28 1 ¢ 11
24 7T 17 s 22 | 1 : 10
25 7 : 07 4 : 18 1 oe
26 6 : 57 _ 4 ¢ 10 1 0F
27 ' 6 : 48 4 : 04 1 O
28 6 : 39 4 : 00 , 1 : 02
29 6 : 31 3 : 55 » 1 ¢ 0d
30 6 = 22 | 3 ¢ 498 T ¢ 0.
31 6 : 14 3 ¢ 44 1 0c

*Values calculated from Stokes’ equation, assuming a particle
density of 2.60 g/cm3., The figure for particle density is
arbitrary and has been chosen to satisfy simultaneously the two
definitions of the clay fraction, vis., particles having an
effective diameter of 2 microns and a settling velocity of 10 cm.
in 8 hours at 20°C. (International Society of Soil Science,
1829).



TABLE 2

Sedimentation Times

Particle Centrifuge

Diameter Speed
(microns) {rpm)
0.2 2700
2.0 750
5.0 300
20.0 0

Time
(minutes
on timer)

4 L]
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TABLE 3

Values of O for determination of particle size from observed
. hydrometer readings (Day, 1956).

R 0 R o R 0
-5 50.4

-4 50.1 11 46.4 26 42.2
-3 49.9 12 46.2 27 41.9
-2  49.6 13 45.9 28 41.6
-1 49.4 14 45.6 29 41.3
0 49.2 15 45.3 30 41.0
1 ‘ 48.9 16  45.0 31 40.7
2 48,7 17 44.8 32 40.4
3 48.4 18 44.5 33 40..1
1 48.2 19 44,2 34 39.8
5 47.9 20 43.9 35 39.5
6 47.7 21 43.7 36 39.2
7 47.4 22 43.4 37 38.9
8 47.2 23 43.1 38 - 38.6
9 47.0 24 42.8 39 38.3

10 46.7 25 42.5 40 38.0



t R
. Sample (min) (g/l)

Make a table like the one above for vour calculations.

't = time of reading

R = hydrometer reading RL = hydrometer réading of distilled HZO
C = concentration of suspension C =R - (RL)

P = 7 of size fraction P = (C/Co)

CO = corrected soil weight (oven dry basis)

T = température of suspension

i = sedimentation parameter (from table 3)

viscosity of suspension V = vy Vv/v3o©c

\'I=
PSu = particle size, uncorrected PSu = i/yt
P5 = particle size, corrected PS = PSu * V

Yake a graph of each sample, ZP vs. PS (particle size)

Ugolini, F.C. 1986. Soils Analysis Laboratory Manual.

%ollege of Forestry University of Washington, Seattle,
a. 3 . -
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Appendix A7 Soils Methodology- Metals Analysis

B. Soils_Analysis

1. The following procedures shall be performed by the methods indicated:

Method

Digestion Nitric acid & hydrogen peroxide
Dry Weight Gravimelric

Cd GFAA

Zn FAA

Cu - GFAA

. Pb GFAA

Arsenic (As) GFAA

2. ' Resulls shall be reported in mg metal/kg dry soil and mg metal/kg wet
soil.

3. Detection .Iimits shall be: (1) Cd — 0.005; (2) Zn — 0.2; (8 Cu - 0.1;
Pb -- 0.05; and As -- 0.05 mg/wet Kg.

4. Spiking levels shall be: (1) Cd — 5 ppb; (2) Zn -- 500 ppb:
" (3) Cu —-250 ppb: (4) Pb 20 ppb; and (5) As 40 ppb.



Appendix

A8a- Litter Content Analysis

L1 SO MODIFIED KIJELDAHL DIGEST PROCEDURE

2 &

PURPOSE:

REACENTS:

note!
PROCEDURE :

1)

3)

4)

Parkinson J. A., S. E. Allen. 1975. "A wet oxidation

To digest solid samples to a liquid form for analysis on

the AutoAnalyser for Total Kjeldahl Nitrogen and total phos-
phorous, and analysis on the Atomic Absorption Spectrophotometer
for Cations and Mctals,

Dipestion Mixture
To 350 ml of 30% B 0 (cold) add 0.42 g Se powder and 14 g of
22

Li SO .H O,
2 4 2
Place container (preferably an Erlenmeyer flask) 1in an {ce

bath and slowly!! add 400 ml of conc. H SO with liberal
2 4
swirling,

Try to keep the mixture cold by adding the acid in small amts,
If the mixture gets too hot some of the hydrogen peroxide will
be lost,

When all of the acid has been added, further chill the mixture
in a refrigerator before use,

To make larger amounts multiply rcagent amounts accordingly,

PRELIMINARIES: :
a) The digest tubes should be clean and dry.
Otherwise the sample will cling to the wall of
the tube,

b) The solid sample should be ground to pass
through a 20 mesh sieve on a Wiley mill if

the sample is foliape or contains no rocks,

The sample should be sieved through a 2mm sieve
if it is sofl. (the pulverizer may also be usecd
in the case of soil).

Weigh out about 0.5 g of each sample into the digest tubes and
add one boiling becad to each tube. (this wt. is very flexible

and can vary from 0.05 g to 1.2 g if necessary, but 0.5 g is the
preferable amount due to acid volume used) ,

Add 7.5 mls of the chilled digest mixture., (use the repipet in
M16 refrigerator to perform this addition)

If you have sufficient time let the samples predigest for scveral

hours before heating. Placethe rack of tubes into the block heater
_Over pushd- o st ’

procedure suitable for the determination of nitrogen and
mineral nutrients in biological material. Comm. Soil Sci. &

Plant Ann.

6 (1)'Pp. 1-11.



#41 Whatman 15.0 cm filter paper, Decant about 15 mls of

the sample {nto the filter and catch the filtrate i{n the labeled
60 ml poly bottle. Cap shake and disgard. Decant the rest

into the filter, collect the filtrate, and cap and store.
(normally one can arrange to filter 5 at a time)

12) When you finish using the digesters, remove the fume hoods
and wash with tap water in the sink, Store them in a cornmer
of the room to dry. Place the blue hose from the scrubber
into the bucket after rinsing the inside of the hose end
with about 300 ml of distilled water. Let the water drip into
the bucket provided.



Appendix A8b- Litter Content Analysis

' COPPER
Method 220.1 (Atomic Absorption, direct aspiration)

STORET NO. Total 01042
Dissolved 01040
Suspended 01041

Optimum Concentration Range:  0.2-5mg/1 using a wavelength of 324.7 nm
Sensitivity: 0.1 mg/1
Detection Limit: 0.02mg/1

Preparation of Standard Solution
1. Stock Solution: Carefully weigh 1.00 g of electrolyte copper (analytical reagent grade).
Dissolve in 5 ml redistilled HNO; and make up to 1 liter with deionized distilled water.
Final concentration is 1 mg Cu per ml (1000 mg/1).
2. Prepare dilutions of the stock solution to be used as calibration standards at the time of
analysis. The calibration standards should be prepared using the same type of acid and at
the same concentration as will result in the sample to be analyzed either directly or after

processing.

Sample Preservation
1.  For sample handling and preservation, see part 4.1 of the Atomic Absorption Methods

section of this manual.

Sample Preparation
1. The procedures for preparation of the sample as given in parts 4.1.1 thru 4.1.4 of the

Atomic Absorption Methods section of this manual have been found to be satisfactory.

. Instrumental Parameters (General)
Copper hollow cathode lamp
Wavelength: 324.7 nm

Fuel: Acetylene

Oxidant: Air

Type of flame: Oxidizing

Ll Sl S

Analysis Procedure .
1. For analysis procedure and calculation, see “Direct Aspiration”, part 9.1 of the Atomic

Absorption Methods section of this manual.

Approved for NPDES
Issued 1971
Editorial revision 1974 and 1978

from: Methods for Chemical Analysis of Water; Wastes 1979.
Environmental Monitoring and Support Laboratory. U.S. EPA
Cincinnati, Ohio

¥



Notes

t2

For levels of copper below 50 ug/1, either the Special Extraction Procedure, given in part
9.2 of the Atomic Absorption Methods section or the furnace technique, Method 220.2,
is recommended.

Numerous absorption lines are available for the determination of copper. By selecting a
suitable absorption wavelength, copper samples may be analyzed over a very wide range
of concentration. The following lines may be used:

327.4 nm Relative Sensitivity 2

216.5 nm Relative Sensitivity 7

222.5 nm Relative Sensitivity 20

Data to be entered into STORET must be reported as ug/1.

The 2,9-dimethyl-1, 10-phenanthroline colorimetric method may also be used (Standard
Methods, 14th Edition, p. 196).

Precision and Accuracy

Number
of Labs

1.

An interlaboratory study on trace metal analyses by atomic absorption was conducted by
the Quality Assurance and Laboratory Evaluation Branch of EMSL. Six synthetic
concentrates containing varying levels of aluminum, cadmium, chromium, copper, iron,
manganese, lead and zinc were added to natural water samples. The statistical results for
copper were as follows:

: Standard
True Values Mean Value Deviation Accuracy as

vg/liter ug/liter ug/liter % Bias
302 305 56 0.9
332 324 56 -2.4
.60 64 23 7.0

75 ' 76 22 1.3

7.5 9.7 6.1 29.7

12.0 13.9 9.7 15.5



Appendix A8c- Litter Content Analysis

NITRATE AND NITRITE IN WATER AND WASTE WATER
" (RANGE: 0~2.0 ppm N)

GENERAL DESCRIPTION

This automated procedure for the determination of
nitrate and nitrite utilizes the procedure whereby nis
trate is reduced o nitrite by a copper-cadmium reduct-
o column.'.2 The nitrite ion then reacts with sul-
fanilamide under acidic conditions to form a diazo
compound, This compound then couples with N-1-naph-
thylethylenediamine dihydrochloride to form a reddish-

purple azo dye. :

The surface waters normally encountered in surveil-
lance studies, the concentration of oxidizing or reduc-
ing agents and potentially interfering metal ions are
well below the limits causing interferences. When
present in sufficient concentration, metal jons may pro-
duce a positive error. i.e., divalent mercury and di-
valent copper may form colored complex ions having
absoprtion bands in the region of color measurement.3

»

PERFORMANCE AT 40 SAMPLES PER HOUR
USING AQUEOUS STANDARDS:

Sensitivity {0.72) obsorbonce units 2.0 ppm N
Coefficient of variation (95% confi-
dence level at 1.0 ppm N) 0.62%
Detection limit 0.04 ppm N
REAGENT
AMMONIUM CHLORIDE REAGENT -
(Technicon No. T01-5044)
Ammonium chloride(NH C1) 2D ATy g

Alkaline water, q.s.

Brii-35 (Technicon No. T21-0110)° 0.5 YT h.

Preporotion:

Dissolve 10 g of ammonium chloride in alkaline
water and dilute to one liter. Add 0.5 mi of Brij-35 per
liter,

1 Armstrong, F.A.J., Sterns, C.R. and Strickland. J.D.H., 1967
Deep-Sea Res. 14, pp. 381388, The measurement of upwelling
and subsequent biological processes by means of the Technicon
AutoAnalyzer and associated equipment,

2 Grasshoft, K., Technicon International Congress, June, 1969,

3 Federal Water Poliution Control Administration Methods for
Chemical Analysis of Water and Wastes, November, 1969,

NOTE: Alkaline water is prepared by adding just en-
ough ammonium hyvdroxide to distilled water
to attain a pH of 8.5, '

COLOR REAGENT
(Technicon Nos. T11-5065, T01-5017)
Sulfonilamide (CeHsNzozs) . 20 g
Concentroted phosphoric ocid (H3P0s) 200 ml
N-1-nophthylethylenediomine dihydro.
chloride (Ci2H1N2 » 2HCY) 1.0 g
Distilled woter, q.s. 2000 ml
Brij-35 (Technicon No. T21-0110) 1.0 ml

Preparation:

To approximately 1500 m] of distilled water add
200 ml concentrated phosphoric acid and 20 g of sul-
fanilamide. Dissolve completely, (Heat if necessary.)
Add 1.0 g of N-l-naphthylethylenediamine dihvdro-
chloride, and dissolve. Dilute to two liters. Add 1.0
ml Brij-35 (Tech. No. T21-0110). Store in a cold. dark
place. STABILITY: one month.

CADMIUM, POWDER (Technicon No. T11-5063)
Use coarse cadmium powder(99% pure). Rinse the

filings once or twice with a little clean diethyl ether

or 1 N HCI followed by distilled water to remove crease
and dirt. Allow the metal to air-dry and store in a welil-
stoppered bottle.

Preporation of Reductor Column:

The reductor column tube is a U-shaped fourteen
inch length of 2.0 mm I.D. glass tubing (Technicon
No. 189-0000). Before filliny the column, prepare the
cadmium in the following manner:

Wash about S g of previously cleaned cadmium with
one liter of 2% W/V copper sulfate (CuSOs * 5H,0)
{Technicon No.TO1-3068) for no longer than 2 minutes.
Wash thoroughly with distilled water to remove all of
the colloidal copper which is present. A minimum of
ten washings is usually required. .

Fill the reductor column tube with water 1o prevent
the entrapment of air bubbles during the filling oper-
ation. Transfer the prepared cadmium granules to the
column using & Pasteur pipette. When the entire column
is filled with zranules, insert wlass wool in hoth ends
of the tube. Sieeve bhorth ends with 0.090 [.D. Tveon
tubing and insert an N5 nipple on one side of the tube.
Connect the other side of the tube directly to the A
debubbler by means of the 0.090 1.D. Tywon.

TECHNICON INDUSTRIAL SYSTEMS / TARRYTOWN. NEW YORK 10591
: A SIS CF ’

TECHNICON INSTEUMENTS CORPORATION/ Tarrytown. New York 10591 ~_.

£U00s Tl 09T, TLTen SDN RSTE WiNTS CTRAPCHAT.L Csencost Mia TTim

2047-10-1- 3



Start pumping reagents. When the pump tubes are
filled with reagents and all air is removed [rom trans-
mission lines, attach the distal end of the tube to the

.‘ection fitting (116-0489) using a short length of

*34 1.D. Polyethylene tubing.

keeps it effec-

Preparing the column j
ol samples.

STANDARDS\
STOCK STANDARDS: 100 ppm N

Potossium nitrote, KNO3

(Technicon No. T13.5074)

\D.i%d water, q.s.

Preparari

Dissolve 0.72 g of potassium nitrate in distilled
water and dilute to one liter. Store in a glass bottle
with 8 few drops of chloroform as_a preservative. Pre-
pare standards ranging {rom 0.04 to 2.0 ppm N in serial
dilutions., Working standards should be prepared daily.

OPERATING NOTES

1. Samples should be processed and analyzedas soon
aspossible. If this cannot be done immediately, they
should be refrigerated at 5-10 °C or preserved

:‘ with 1 drop of chloroform per 100 ml sample.
1)

® Where particulate matter is present, the solution
must be filtered prior to the determination. This
can be accomplished by having the Technicon
Continuous Filter as an integral part of the system

if the sample is such thiat Whatnun #4 or equivalent
filter paper is satisfactory, (See Continuous Filter
Manual, No. CFO-1,)

3. It is of the utmost importance that the water used =

in preparing reagents and- standurds be completely
free of contamination. Reagents should be storec
in glass bhottles and contact with air should be
<avoided. )

4. In order to determine nirrate levels, the nitrite
alone must be subtracted from the total (nitrate and
nitrite). The nitrite value can be determined by
eliminating the reductor column from the manilold.
or by using the Technicon Methodology for Nitrite
(102-70W).

5. The reductor column must be clean and have good
flow characteristics for the system to operate
satisfactorily. Colloidal copper is the primary
contaminant.

6. For initial activation of the reductor column about
100 m! of distilled water containing 1 m! of the
stock standard should be pumped through the column.

7. The efficiency of the reductor column has been
found to be 89%.

8. Before running this method, switch the range on
the Digital Printer to 200, set the Mode Switch
into Normal position. set the Sampling Rate Switch
to 40 and place the Decimal Switch in the 0.00
position. (See Instruction Manual TA1-0278-00.)

9. Alternate ranges may be obtained by utilization of
the Standard Calibration Dial on the Colorimeter.



Appendix A8d- Litter Content Analysis

.INDUSTRIAL METHOD No. 108- 7TIW/PRELIKINARY - S DATE RELEASED: MARCH 1472

LOY-LEVEL AMMONIA IN FRESH AND ESTUARILE WATER
(RANGE: 0-0.5 mg/l)

CENERAL DESCRIPTION

The automated prccedure for the ficiermincryon of
ammonia in watlr utilizes the Berthelot Reaction. in
which the formalion of a blue colored compotind bhe-
lieved (o be closely related tp indophicnol occurs wien
the solution of an ammonium silt is ddded 1o sodium

. phconoxide, followed by the adihnion of sediw hypo-
chlorite, A solution of potussium sodiun tariraie aad
sodium citrate is added 1o the sample stream 1o clinn-

_nate the precipitation of the hvdroxides of calcium and
magnesium, 1.2.3.0.50

PERFORMANCE AT 60 SAMPLES PER RGUR

USING AQUEDUS STANDARDS
Sensitivity at 0.5 ,ng/! ' 23
aosorvance units
Coefficien! of Variation at

. 0.4 mg/i 0.32%
Dectection Limit 0T mefi
REAGENTS

CONMPLEXING REACENT

_-Potessium Sodium Tarirgte
. (KNCC4H606 “oH 20) :‘.3 c [" {

~Sodium Citrcte {(HIC {COONo)

(CH ,COONo) 5 - 2H20) 2% 9 s

Distilled Veter, g.s. 10 ml ,D
Brij-35* (Technicon No. T21-G113) (o.s ml - 20 dr./;s>

Preporotion:

Dissolve 33 g petassium sodiuin tarissre ond 24 g
sodium citrate in §3) ml of distiiled warar, &djust the
pil of this solution to 5.0 with concenirared saliunc
acid. Dilute to oue liter with disnlled waier. Add 0.5 ml
of B;ij—ﬁ._-’x_._

-—— e = msmermss .

Vvan Slvke. D.D. and ihdlen. A.J..DioClom.. ;C" L79, (1033).

' 2 Kallman, S.. Prcsc'nauon at Div. 1 Meeuing r ASTH Came
Y mitiee E-3, A]\nl 1967, San Dicgo, Calwornia,
3 .

Bolicter, W.T., Bus,xman. C.J. ana Tidweld, T.N., Andi,
Chem., 22, 202 (1G63:0).
Teliow, J.A. and Wilson, A.L., Anaiyst, €5 G835 1R300

. : 5 Tarezi. Ao and Lenci F., Boil. Chun, Fatm.,

FWPCA Mct‘*ods of Chem. Anal. of Water & Woare Water,
Nov., 19£9,. 137.

* Reglstered trademarkK OF P'a"'.LEé ChemzIcal Industries, Inc.

-
R



ALKALINE PHENOL 4004 MaoH

. Phenol (C¢H sOH) | 83 apprr. 1500 md HLO
Sodium Hydroxide (NoOH) 20 w/y 180/ml alm o col. Add
Distilled Vcter, q.s. 1 ml 552 mb /7,&/%//

Preparation: . 5//«)/7 - coof brirg
Using a one-liter Erlenmeyer {lask, dissolve §3 y of o JL volure. .
phenol in 50 ml of distilled water. Cool the solution ” ~ - o
under tap water. Caunously add 180 ml of 20% sodium r,' o9 N 2T /J°°
hydroxide in small increments with good mixing. Diiute .
to one liter with distilled water, 500 metila )
— . - 2 HE* vt ‘.
SODIUM HYPOCHLORITE (Stock) T
(Technicon No. TO1-0114) -
Any rox! commercially available housenold bicach "
h.wm" 5.250% available chlorine may be used.’ -
SODIUM HYPOCHLORITE (Working) ,r ‘
Dilute 200 ml of stock sodium hypochlorite to one z
liter with water, -
SODIUI NITROPRUSSIDE ~(sedium aldro ferricyande )
Sodxum Nitroprusside a
~ [Noz Fe (CN)sNO*2H, 0] _ 0.5 ¢
Distilled VWater, g.s. 1600 il
Preparaticn: ,
Dissolve 0.5 g sodium nitroprusside in %00 ml with
distilled water and dilute to one iiter.
STANDARDS

- STOCK STANDARD, ]ED mg N/1 e %0 0 )//ar,}: > SOmL
Ammonium Sulfate l_-\“HA)ISOdJ 9.4716 ¢ - 2
Distilled Vater, q.s. 1030 mi = B . W,

Preparction: . 2 i
In a one-liter volumetric {lask, dissoive 0.4716 = 2’ u
ammonium sulfate in 900 ml of distilled water. Diluie 3 = 3 .
to volume with distilled water. Prepare working siund- 4 e
ards ringing from 0.01 to 0.5 mg/1 for calibration. iTho_. 5 1
_workm;'. standards- should be preparen“frcﬂrmxh’"‘“’""’“ 5 4
i

- low /WJ'
OPERATING NOTES : 0 B
. T 2l Sk > 5

1. All water used in the preparation of reagez:s
should be deionized, acid distilied water. : ml B :

2. for besrresults,me sample gups shionid be wasiezd fo"\ __5‘ — /ﬂDmL
in deionized, acid distilled water and stored n 4"
plasric contaners in an amnionia-iree environniei . de 4‘ N

3. The alkaline phenol reazent siould be fiiter.d AL 3 4
through a glass filter prior to use. O 2. n

.04 1 ’ "



6.

4. Where particulate matter is present, the solution
must be filtered prior to the determination. This
can be accomplished by having the Technicon
Continuous Filter as an integral part of the syvstem
if the sample i$ such that Whatman #4 or equivalent
filter paper is satisfactory.

6. If the system is being run in an ammonia contam-
inated environment, the air for segimenting the
stream should be scrubbed through acid prior to
its introduction into the system,

Before running the method, position the controls of the
“odular Printer as follows:

CONTROL . POSITICN
MODE Switch Normal
SAMPLING RATE Switch _eo— 40
RANGE Switch 500

DECIMAL Switch 000.

Details of Modular Printer Operation are provided in Technical
Publication No. TAl-0278-10.

Alternate ranges may be obtained by utilization of the Std Cal
control on the Colorimeter.



STOCK STANDARD A, 1000 pget P/1

Anhydrous potaossium dihydrogen

phosphate

{Technicon No T13-5069) (KH:POL) 0.136 ¢

Deionized, distilled water, g.s.

Preparation:

1000 ml

Discolve the potassium phosphate in 300 ml of

deionized, distilled water "in a

volumetric flask.

Dilute to one liter with deionized distilied water. Add
1 ol of chloroform as a prescrvative,

o0
STOCK STANDARD B, 23 ngot P/

Stock stondord A
Deionized, distilled water, q.s.

Preparation:
Dilute o ml of stock standard

‘|

4 ml
50 38T ml

A in a volumetric

flask to D0 ml with deionized, distilled water, Pre-

pare fresh daily.

WORKING STANDARDS

ml Stock B poat P/1

24 10 0.8
M0 2.0 1.6
B4 3.0 2.4
840" 4.0 32
1007 5.0 1.0

Preparction:

Pipette stock B into a 100 mi

volumetric flask.

‘Dilute to 100 m} with deionized. distiiled water. Pre-

pare fresh daily.

1. A blarnk reading for the particular 'sea water of
interest should be determined by sampling the sea
water while running distilled water only through the
reagent lines. The blank reading obtained should then
be subtracted from the readings of the unknowns.

2. Glassware for the preparation of reagents and
standards should be washed with one normal hadro-
chloric acid and rinsed thoroughly with deionized,
distilled water in order to remove anyv traces of phos-
phate. Sample cups should be treated in a similar
manner and then rinsed with the solution to be meas-

ure_d.

3. The ascorbic acid solution is stahle for about
two months if kept in a {reezer or refrigerator. It is
stable for about two weeks if not refricerated.  How-
ever, the container must be kept well steppered.

4. Samples which are not run immediately should
be preserved with 1 ml‘1 of chloroform.

5. The reagent baseline abhsorhance with reference
to water should be approximately 0.015 absorbance
units.

6. Alternate ranges mav be obtained by utilization
of the standard calibration dial on the Colorimeter.

7. Belore running this method. switch the ranze on
the Digital Printer to 400, set the Mode Switch into
Normal position. set the Sampling Rate 3witch to 30
and place the Decimal Switch in the 0.00 positien.
(Soe Instruction Manual Noo TA 142700

2. The Colorizmeter should be operated in the Damp
1 mede.

ORTHO PHCSPHATE IN SEA WATER
{Range: 0-4 .gat P/I)

157-B27
37.5 °C 5 Turns
7.7ml 170-0103

\
I

\)

MANIFOLD NO.

To Sampler IV

~ 116-D221-01

CRN/GRN (2.00) WATER
Yash Receptacle -4&0

S Turns
170-0103

Q“ Q A10 871

~ BLK/BLK (8.32) AIR

o/
ABLK/BL‘( (0.32) WATER D,{uem{‘

Waste

;~

RECORDER . COLOR!M:T:R
S1 Photo Tubes
8E5 nm

e

116-0428-01

v 4‘-._‘.‘
] = \\ \—‘Oc
 ~ORN/WHT (0.23) REAGENT lﬁ)J A

'~ ORN/ORN (0.42) SAMPLE ** | .

)

o/
WHT/WHT (0.60) FROM F/C
Viaste ;
' 2® Op 587

To F/C
FPump Tube

.~ 50mmx 1.5mm F/C

199.8023-01

o c)
s O
2 IS

SAMPLER IV
30/HR

*Y POLYETHYLENE .034 1.D. 2-9

NOTE: Numbers in parenthesis signify

Flow Rate in mi/min.

Technicon Instrumgnts Corp. Tarrytown, New York. 10591



Appendix A8e- Litter Content Analysis

‘ AutoAnatyzer [}
INDUSTRIAL METHOD No. 155-T1W
NOV, 1971

ORTHO PHOSPHATE IN SEA WATER
(Renge: 0-4 pgat P/1)

GENERAL DESCRIPTION

The automated procedure for the determination of
ortho phosphate in sea water depends on the formation
of a phosphomolybdenum biue complex which is read
colorimetrically at 885 nm.!

- A single reagent solution is used consisting of an
acidified solution of ammonium molybdate containing
ascorbic acid and a small amount of antimony.

Interference from copper and iron is insignificant,
Silicon at a level of 100 ugat Si4l causes an interfer-
ence equivalent to approximately 0.04 pgat P/l

Although arsenate produces a similar color to
phosphate. sea water rarely contains arsenate in con-
centrations high enough to interfere. The salt error
has been found to be less than 17,

PERFORMANCE AT 30 SAMPLES PER HOUR

‘ USING AQUEOUS STANDARDS:
Sensitivity (0.15 absorbance units)
Coefficient of variation (95% confi-

dence level ot 2 pgat P )

4.0 poat P/

2.96%

0.08 pget P/1

Detection limit
REAGENTS

SULFURIC ACID, 49N

Sulfuric acid, concentrated (sp. gr. 1.84)
(H2504)

Deionized, distilled water, g.s.

136 mi
1000 ml

Preporuﬁon:

Add 135 ml of concentrated sulfuric acid to 800 ml
of deionized.distilled water while cooling. After this
solution has cooled, dilute to one liter with deionized,
distilled water.

/ -
AMMONIUM MOLYBDATE = . §/ w
Ammonium molybdate
(NH4) 6Mo7024 + 4H:0) 40 g
urp iy, Joooand Riley, JUP. A NMenilied Sinote S lution

Method for the Delermination of rhosghate 1a Natural
Waters. Anal, Chim. Acta, J7, e o5, 1962,

ey e e em e s ge tememo—
P SN W LI VO WIS §

TTred et i TETI N TIN NI 0L 1037380 s vy et mea 0,0

EORATICN Tormyiewsn,

Deionized, distilled woter, q.s. 1000 m!

Preporotion:

Dissolve 40 g of ammonium molybdate in 800 ml of
deionized, distilled water. Dilute to one liter with
deionized, distilled water.

—ASCORBIC ACID " make SOOmLS

Ascorbic acid, U.S.P. {Technicen
No. T11-5070) (C¢HgOs) 74879 -~
Deionized, distilled water, q.s. 52018586 ml .-

Prepvoration: z —w”& ”

Dissolve 18 g of U.S.P. quality ascorbic acid in
800 m! of deionized. distilled water. Dilute to one
liter with deionized. distilled water.

~ANTIMONY POTASSIUM TARTRATE 2z~

Antimony potassium tortrate

[K{S50) CsHsOs « 1,2H,0] 3.0 ¢
Deionized, distilled water, a.s. 1000 ml
[09: “ —

Preparation:

Dissolve 3.0 g of antimony potassium tartrate in
800 ml of deionized. distilled water. Dilute to one
liter with deionized. :istilled water.

COMBINED WORKING REAGENT

Sulfuric acid, 49N 50 ml
Ammonium molybdate 15 ml
Ascorbic ocid 30 ml
Antimony potassium tarirate S ml

Preparation:

Combine reagents together in the orderlisted above:
30 ml of sulfuric acid. 15 ml of ammonium molybdate,
30 ml of ascorbic acid and 5 mi of antimony potassium
tartrate. This reagent is stable for about elght hours.

WATER DILUENT 2
Tn detmized, distiiled water add ‘:;59 ce Le\?‘é?l'\"

er liter. 3
pno-‘sa oo :{\T?Ps ety 4
ENSSTARRYTOWN NEW YORX 10331
32N CF
BATICN T few Tork IG5 EI

N ¢

27231141 1



JHOLTNE S

GENERAL DESCRIPTION

procedure for the determination of

{,d .
:.‘.‘5-:‘: - sca waler depends on the formation
s o h3 - lyhdenum blue complex which is rcad
pieritd R

by »e -
' ‘:.-u.ull,\' at 882 nm.
reagent solution is used consisting of an
e “i"“ of ammonium molybdate containing
J

a small amount of antimony.

seed !
acwd and

pence (TOT copper and iron is insignificant.
r!.:“n. ic‘"‘l of 100 pgat Si“l causes an interfer-
; sealent (o approximately 0.04 upgat P/L.

~qu
R)tn,uzh arsenate produces 2 similar c?lor to
>+ te. sca water rarely contains arsenate in con-
: nigh enough to interfere.  The salt eror

und to be less than 17

Koplians

Edx-cn {0

B RFORMANCE AT 30 SAMPLES PER HOUR

AQUEOUS STANDARDS:
sitiviry (0.15 absorbance units)
% {ficient of variction (957 confi-

4.0 peat P/1

2.9¢%

0.08 pgot P/1

REAGENTS

BURIC ACID, 49N
sl furic acid, concentrated (sp. gr. 1.84)
?(H?Sgl)

ionized, distilled water, g.s.

136 ml
1000 ml

.kmion:

Bd 133 @l of concentrated sulfuric acid to 800 ml
. Jionized distilled water while cooling. After this
“Bon has cooled, dilute to one liter with deionized,
‘4led water,

@ / o
DNIUM HOLYBDATE = . ¢ s
.'si;arr.onium molybdate

%_{NH;) ¢Mo702s + 2H:0) 0 q

[N

Ry daoand Rilev, JLP., A MLgified Sinste S lution
i

;3 fir the Determination of Phosphaze in Nutural
<%, Anal, Chim, Acta, 27, §. 30, 1962,

o
T

TECHINICON INBTRUMENT

ETIe ety as Gew viw

CHNCONINDUS T HIAL SYSTEL'S, TARRYTOWN NEW YOS K 10391
- . .

INDUSTRIAL METHOD No. 155-71W
NOV., 1971

ORTHO PH_OSPHATE IN SEA WATER
(Renge: 0-4 pgat P/1)

Deionized, distilled water, q.s. 1000 ml

Preparation:

Dissolve 40 g of ammonium molvbdate in 800 ml of
deionized, distilled water. Dilute to one liter with
deionized, distilled water.

—~ASCORBIC ACID £ be SDOMLs
Ascorbic acid, U.S.P. (Technicon e
No. T11-5070) (C¢Hs0¢) 98" =
Deionized, distilled water, q.s. SP010 ml - .

WJU# mrr-%

Dissolve 18 g of U.S.P. quality ascorbic acid in
800 ml of deionized. distilled water. Dilute to one
liter with deionized. distilled water.

Preparation:

~ANTIMONY POTASSIUM TARTRATE 2~

Antimony potcssium tartrote

[K(S50)CsHeOs + 1, 2H 0] 3.0 g
Deionized, distilled water, g.s. 1000 ml

109 A % /-—J

Preparetion:

Dissolve 3.0 g of antimony potassium tartrate in
800 ml of deionized. cistilled water. Dilute to one
liter with deionized. distilled water.

COMBINED WORKING REAGENT

Sulfuric acid, 4.9V 50 ml
Ammonium molybdate 15 ml
Ascorbic ocid 30 mi
Antimony potassium tortrate 5ml

Y

Preparation:

Combine reagents together in the orderlisted above:
50 ml of sulfuric acid. 15 ml of ammonium molybdate.
30 ml of ascorbic acid and 5 ml of antimony potassium
tartrate. This reagunt is stable for about eight hours.

WATER DILUENT 2 ]
Ta detonized, distiled water ndd' ‘é‘so e Lgﬁ?‘l\-

per liter, ) o
-8t 100 Avops - vt -f betlle R %

aTEI-1-1 Y



Appendix Bl Soils Data- Particle Size Analysis

KING COUNTY WETLAND STUDY SOIL PARTICLE SIZE ANALYSIS 1988.

% % %

SAMPLE SITE # DATE SAND SILT CLAY

8407 831 0 110888 B84.8 115 3.7

8399 B3] - S 110888 93.0 5.2 1.8

8406 83! T 110888 ~ 86.8 12.0 1.2

8408 B3] vV 110888 77.0 22.5 0.5

8430 831 X 110888 86.2 13.2 0.6

8431 B3} Y 110888 75.8 24,2 0.0

8432 B3l 2 110888 84.7 13.3 2.0

1718 BBC24 S 160988  73.2 22.7 4.1

8424 BBC24 Y 160988  B7.3 12.2 0.5

8425 BBC24 2 160988  79.1 9.2 1.7

8397 ELS39 X 110888 BELOW BLANK

8398 ELS61 S 110888  83.1 13.6 3.3

£385 ELS61 X . 110888 B1.7 18.1 0.2

8386 ELS61T Y 110888  70.1 26.0 3.9

8387 ELS61T Z 110888  81.9 16.7 1.4

2118 ELW1 S 181188  15.7 81.9 2.5

2118 ELW1 S 181188 81.9 15.7 2.5

8391 ELW1 X 181188  81.7 17.5 0.8

8391 ELWY X 181188 17.5 81.7 0.8

8392 ELW1 Y 181188  46.5 51.0 2.5

8392 ELW1 Y 4181188 51.0 46.5 2.5

8393 ELW1  Z . 181188 25.8 71.7 2.5

8393 ELW1 2 181188 71.7 25.8 2.5

1621 Fcl S 20988 55.2 40.1 4.7

8417 FCi X 250888 49.6 4.7 5.7

8417 FCi X 250888 44.7 49.6 5.7

8417 FCi X 250888 1007 0.0 0.0 HIGH ORGANICS
8418 FC1 Y 250888 68.9 27.4 3.7

8419 FCi Z 250888 75.4 19.1 5.5

1719 HC13 S 160088 UNABLE TO CALC. SILT+CLAY < CLAY
B394 HC13 X 160988  86.9 1.0 2.1

8398 KC13 Y 160988  99.1 0.0 0.9 HIGH ORGANICS
8396 KC13 2z 160988  87.9 7.3 4.8

8401 JC2B 4 20988  10.3 87.4 2.4

8400 JC28 X 20988  80.2 4.5 5.3

8401 JC28 Y 20988 2 HR. READING < BLANK HIGH ORGANICS
8402 JC28 2 20988 82.6 6.0 1.4

8401 Jc28 4 20088 8T.4 10.3 2.4

84,11 LCRY3 S 250888 1007 0.0 0.0 HIGH ORGANICS
8412 LCRP3 T 20988 UNABLE TO CALC. SILT+CLAY < CLAY
8433 LCRP3 X 250888 100.0 0.0 0.0 HIGH ORGANICS
8434 LCR3 Y 250888 100.0 0.0 0.0 HIGH ORGANICS
8435 LCRP3 2 250888 100.0 0.0 0.0 HIGH ORGANICS
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8423
8420
821
8422
8428
£388
E389
€390
8426
BL27
8403
8404
B405
8409
8410
8414
8415
8416

LPS9
LPS®
LPS9
LPSO
MGR36
MGR36
MGR36
MGR36
pC12
pCi2
RR3
RRS
RR5
SR24
SR24
SR24
SR24
SR24&

N < X = VT N < X <« XN <X X 0N < X »n

209e8

20988

20988

20988
180988
180988
180988
180988
180988
180988
180988
180988
180988
250888
250888
250888
250888
250888

98.6
4.4
92.5
1.4
76.7
37.0
79.6
49.0
88.1
20.7
78.0
85.9
e3.5
89.7
100?
1007
100?
54.7

~w NN~ oO

NdyuoyYuwmunuue

62.
19.
48.

55.
19.
0.0
1.0
3.0
0.0
0.0
0.0
43.1

=]

- N = O WO W
e 0 e e e .

b =T )
NOOOWU SN st W oEEO

4

HIGH ORGANICS

HIGH ORGANICS
HIGH ORGANICS
HIGH ORGANICS



Appendix B2- SOIL CORE DATA

WETLAND TRANSECT

B3I
B3I
B3I
B3I
B3I
B3I
B3I

BBC24
BBC24
BBC24

ELS39
ELS39

ELS61
ELS61l
ELS61

ELW1
ELW1
ELW1
ELW1

FCl1
FC1
FCl
FC1

HC13
HC13
HC13
HC13
HC13

Jcz2s
Jcz2s
Jczs

LCR93
LCR93
LCR93
LCR93
LCR93

LPS9
LPS9
LPS9
LPS9

AO+3W

Al15+2W
A29+1W
A51+2W
A68+0W
BO+0OW

B20+2W

ADAM
A20+5S
B15+3S

A35+4W
B17+1W

AO+3N
AORENH20
AQ0+50

A35+1S
A60+1S8
A5+25
Al23+1S

ARIVER
A39+1W
A62+125
B38+1W

Al2+1S
A42+1S
A69+3S
B6S+3S
B30+1W

A68+2W
AS4+1N
B30+0

A27+1W
A60+1W
Al50+1E
Al56+5E
Al51+1W

POND
POND2
Al2+1W
B30+1W

'SAMPLE

8808430
8808431
8808432
8808399
8808406
8808407
8808408

8808398
8808398

8808385
8808386
8808387

8808391
8808392

88032118

8808313

8808417
8808418
8808419

- 8808450

8394
8395
8396

8808400
8808401
8808402

8808433
8808434
8808435
8808412
8808411

8808420
8808421
8808422
8808429

REDOX

-209
-187
=150

-85

=25
=105
=258

~220
=173
-189

245
-.04

27

71

+373
+356

94
-254

=292
=222
+226
=400

-222
145

- =20

-102
197
=32

-167
=36

=201
-201
+242
+237

PH

6.63
6.51
6.52
6.66
6.60
6.35
6.50

6.14
5.78
5.67

5.50
5.73
5.84

6.35
5.32
6.14
5.62

6.96
6.26
5.00
6.11

COLOR

10YR
10YR
10YR
10YR
10YR
10YR
10YR

10YR
10YR
10¥YR

10YR
10YR

10YR
10YR
10YR

10YR
10YR
10YR
10YR

10YR
10YR

3/2
2/2
2/2
3/2
3/2
1/2
3/2

3/2
2/2
3/2

2/2
2/2

3/2
4/2
3/2

3/2
3/2
3/1
4/3,2.5Y2/0

3/1
3/2

7.5YR 4/4

10YR

10YR
5YR
5YR

5YR
5YR
5¥YR

4/2

2/1, 5YR 3/2
2.5/1
2.5/1

2.5/1
2.5/2
2.5/1

10YR 3/2

5YR

2.5/1

10YR3/2
10YR3/2

5YR2
5YR2

.5/2
.5/1



Appendix B3 Soils Data- Nitrogen, Phosphorous LOI

KING COUNTY WETLAND STUDY KITROGEN AND TOTAL PHSPHORUS ANALYSIS 1988,

x % VoL LOSS OK
WETLAND # DATE IN) [TP)  TOT SOL kST SLD  SOL  IGKITION
B3l O 110838 2740.31 303.117 600000 40 60 62000  10.333
B3] S 110888 2510.04 2B4.035 4B00DO 51 48 77000  16.042
E31 T 110888 433.6 324.177 750000 25 75 68000  9.067
B31 V110888 604.87 434.229 590000 41 59 46000  7.797
B31 X 110888 502.75 393.553 350000 65 35 76000 21.7%
B31 Y 110888 2146.56 304.707 330000 67 33 81000  24.545
B31  Z 110888 2402.04 106.964 180000 E2 18 80000  44.4b4
BEC24 S 160988 1638.67 £9.534 290000 71 29 100000  34.483
BBC26 Y 160988 1524.57 151.536 430000 57 43 - 66000  15.349
BBC24 2 160988 1692.43 154.235 660000 34 66 64000 9.697
BBC24 21188 280000 72 28 0.000
BBC24 101188  737.6
ELS39 X 110888 10739.1 204.985 530000 47 53  B4O00  15.B49
ELS61 S 110888 3392.3 1177.383 310000 69 31 190000  61.290
ELS61 X 110888 2137.77 197.731 220000 78 22  §2000 41.818
ELS61 Y 110888 2558.65 466.239 480000 52 48 75000  15.625
ELS61 Z 110888 2608.7 271.828 490000 51 49 69000 14,082

ELSST 311088 120000 £8 12 0.000
ELS61 181188 6154.16 293.47 610000 39 61 50000  8.197
ELS61 101188 437.7

ELW1 101188 96.7

ELW1. X 181188 &36.67 342,96 720000 28 72 38000  5.278
ELWT Y 181188 3500.36 497.462 610000 39 &1 92000  15.082
ELW1 181188 7782.57 98.479 150000 &5 15 880D  58.667
ELW1 21188 650000 35 65 0 0.000

[ 7]

~N

FC1 X 260888 2122.65 385.474 570000 43 57 62000  10.877
o1 Y 250888 1757.6 409.701 400000 - 60 40 64000  16.000
FCl 7 250888 2052.56 288.475 600000 40 60 80000  13.333
Fcl s 20588 240.915 390000 &1 39 49000  12.564
FC1 X 20988 570000 -43 57 62000 10.877
Fo1 Y 20088 390000 &1 39 59000 15.128
Fel Z 20988 S80000 42 58 80000  13.793
FCY S 30988 2021
Fe1 21188 530000 47 53 0 0.000
FC1 X 181188 530000 47 53 63000 11.887
Fc 101188  551.7
KC13 S 160988 2825.45 141.519 160000 &% 16 120000 75.000
HC13 X 160988 2847.07 254.044 84000 §2 8.4 31000  36.505
EC13 Y 160088 3140.88 120.98 430000 57 13 91000  70.000
HC13 2 160988 2974.86 195.365 140000 & 14 88000  &2.857

KO3 21188 180000 52 18 p.00D
HC13 101188 1775.5
JC28 X 20988 2256.88 449.126 350000 &5 35 85000  24.286
JC28 Y 20988 549.091 220000 78 22 140000 63.536
JC28 2z 20988 382.896 180000 §2 18 130000 72.222

€28 Y 30988 4909.53

C28 2 30988 3536.45

Je28 311088 150000 & 15 - 0.000
JC28 181188 220000 78 22 150000 68.182
JC28 91188  955.8 '
LCRP3 S 250888 4007.04 124.421 160000 84 16 100000  &2.500
LCRS3 X 250888 3889.67 203.678 170000 B3 17 110000 64.706
LRG3 Y 250888 4375.21 140.595 160000 B4 416 120000  75.000
LCRS3 2

250888 3798.86 102,526 170000 B3. 17 110000 &4.706



Lero3
LCRS3
LLRY3
LCRY3
LCRS3
)
LPSO
)
LPS9
LPS9
LPS9
LPS9
LPSO
LPS9
LPS9
Lps?
MGR34
HGR36
MGR36
MGR36
MGR36

MGR36

PC12
PC12
PCi2
pci12
RRS

RRS

RRS

RRS

RR5

SR24
SR24
SR24
SR24
SR24
SR24
SR24
SR24
SR24
SR24

X NN N < X »n v -

N < > »n

20988
20988
30988
31088
91188
20988
20988
20988
20988
20988

- 20988

20988
30988
30988
311088
91188
180888
180888
180888
180888
311088
91188

X 180888

N = X X =t n nn n

180888

21188
101188
180888
180888
180888
311088
110988
250888
250888
250888
250888
250888
250888
250888
250838

21188
101188

4145.79

1807.8
5896.04
5896.04

2713.96
351.83
351.83
351.83

4603.52

3397.93

1283.7
1048.04
1860,09
2640.52
1698.52

564.2
3246.86
2939.12

372.2
1783.38
3199.86
2736.64

990.6
2524.45
2524.45
2524 .45
3398.17
3381.77
3462.72
3062.03
2427.34

886.1

203.213

(33.17
307.582
219.651
264.021
316.688
310.353
405.562

371.249
292.885
342.089
205.723

179.488
128.098

196.527
113.307
140.042

157.476
162.456
250.798
110.344
60.655
60.655
40,778
115.594

170000

470000

350000
190000
200000
180000
420000
420000
420000

1130000

620000
390000
190000
370000
200000

170000
500000
250000

430000

94000
260000
180000

200000
200000
200000
150000
120000
120000
130000
130000
170000

83

53

65
&1
80
g2
58
58
58

87

38
61
81
63
80

83
50
75

57
91
74
82

80
80
80
85
88
88
87
&7
€3

17

47

35
19
20

42
42
42

13

62
39
19
37
20

17
50
25

43
9.4
26
18

20
20
20
15
12
12
13
13
17

110000

120000
150000
110800
110090
290000
290000
290000

43000
68000
68000
64000

110000
65000

66000
83000
89000

94000
94000
94000
100000
110000
110000
120000
99000

64.706

0.000

34.286
78.947
55.000
61.111
69.048
69.048
69.048

0.000

6.935
17.436
35.789
17.297

0.000

64.706
13.000

15.349
88.298
34.231

0.000

47.000
47.000
47.000
66.667
91.687 .
91.667
92.308
76,154
0.000
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SOIL METALS DATA

LAB WETCODEFIELD_ID AS_DW  AS_DWDL CD_DW CD_DWDL CU_DW
1001-01 B3I A0+3W 11 , 0.55 33
1001~02 B3I A1542W 19 0.77 : 47
1001-03 B3I A29+1W 19 0.67 i 40
1001-04 B3I 0+0W 25 0.83 27
1001-05 B3I 2042W 9.80 0.26 15
1001-06 B3I 68+0W 3.20 0.14 13
1001-07 B3I 68+1W 11 0.29 29
1089-03 BBC24 B15+2S 17 1.2 14 43 Y
1089-05 BBC24 ADAM 3.9 0.12 6.5
1089-07 BBC24 A20+5S 5.5 0.36 8.7
1001-12 ELS39 A35+4W 5.80 0.42 14
1001-08 ELS61 OW 5.80 0.34 19
1001~09 ELS61 AOW+50 22 0.89 53
1001-10 ELS61 AO0+3N 4.80 0.20 8.70
1001-11 ELS61 17+1W 16 0.82 64
1118-04 ELW1  A5+2S 6.2 3.2 19.
1118-01 ELW1l  A22+1S 21 1.1 34
1118-02 ELW1  A35+1S 12 0.32 17.
1118-03 ELW1  A60+1S 9.6 0.42 21
1051-07 FC1l A39+41N 9.30 0.19 20
1051-08 FC1 ARIV 7.70 0.35 33
1051-11 FC1 A62+12S 6.30 0.21 14
1068-06 FC1 B38 9.20 0.28 21
1089-01 HC13 B30 5.6 0.3 3
1089-02 HC13 212+1S 6.8 1.1 30
1089-04 HC13 A42-18 13 -+ 0.56 16
1089-06 HC13 269+3S 2.8 1.8 17
1068-01 JC28 B94+1N 7.60 0.48 21
1068-02 JC28 B30 3.20 0.54 15
1068-09 JC28 A68+2W 8.60 0.35 20
1051~-03 LCR93 A60+1W 6.30 0.59 12
1051-04 LCR93 Al150+1E 5 0.66 12
1051-06 LCR93 2151+1W 6.60 0.56 13
1051-12 LCRS3 A27+1W 14 0.57 28
1068-08 LCR93 Al56+5E 9.60 0.64 8.70
1068-03 LPS9 POND2 21 0.81 31
1068-04 LPS9 POND 14 ' 0.48 28
1068-05 LPS9 B69+1E 40 0.63 58
1068-07 LPS9 B30+1W 20 0.39 32
1068-10 LPS9 A12+1W 20 0.87 43
1032-01 MGR36 B57 6 0.23 40
1032-02 MGR36 B70 6.50 0.2¢ 33
1032-03 MGR36 A2+1W 7.10 . 0.25 35
1032-04 MGR36 A243+1W 12 0.26 38
1032-08 PC1l2 A83+E 18 1.40 38
1032-09 PC12 B38+2E 7.50 0.16 15
1032-05 RR5 A138+2W 5.50 0.35 18
1032-06 RR5 A2711E 9.10 0.60 10
1032-07 RR5 B4 0+6MW 4 0.21 16

1051-01 SR24 Al4+2E 19 0.99 50



SOIL METALS DATA (contd 2)

LAB WETCODEFIELD ID A4S DW  AS_DWDL CD_DW  CD _DWDL CU_DW
1051-02 SR24  C45+5NV 4.40 0.78 13
1051-05 SR24  43+6N 11 , 0.62 17
©1051-09 SR24  E+0+5N 16 1 72
1051-10 SR24  C43+6N 2.30 0.54 9.20
LAB WETCODEFIELD_ID AS_WW  AS_WWDL CD_WW  CD_WWDL CU_WW
1001-01 B3I AO0+3W 5.5 0.28 16
1001-02 B3I A15+2W 6.5 0.26 16
1001-03 B3I A29+1W 4.6 0.16 9.3
1001-04 B3I 0+0W 11 0.35 12
1001-05 B3I 20+2W 6.4 0.17 9.6
1001-06 B3I 68+0W 2.7 0 0.11 11
1001-07 B3I 68+1W 5 0 0.13 13
1089-03 BBC24 B15+2S 3.6 0.25 3
1089-05 BBC24 ADAM 2.2 0.07 3.8
1089-07 BBC24 A20+5S 2.3 0.15 3.6
1001-12 ELS39 A35+4W 1.9 0 0.14 4.7
1001-08 ELS61 OW 2.4 0.14 7.8
1001-09 ELS61 AOW+50 2.6 0 0.11 6.5
1001-10 ELS61 AO0+3N 3 0.13 5.5
1001-11 ELS61 17+1W 4.7 0.24 19
1118-04 ELW1  A5+2S 3.2 0.10 ©.8
1118-01 ELW1  A22+1S 4.5 0.22 7.2
1118-02 ELW1l  A35+1S 7.1 0.19 9.9
1118-03 ELW1  A60+1S 6.2 0.27 14
1051-07 FC1 A3S+1N 3.8 0.08 8.3
1051-08 FC1 ARIV 4.2 0.2 : 1s
1051-11 FC1 A62+128 3.7 0 0.12 8.2
1068-06 FC1 B38 3.3 0 0.1 7.5
108$-01 HC13 B30 0.81 0.04 5.1
1089-02 HC13  A12+1S 2.1 0.34 9.2
1088-04 HC13  A42-1S 2 0.09 2.5
1089-06 HC13  169+3S 0.42 0.26 2.5
1068-01 JC28  294+1N 1.7 0 0.1 4.7
1068-02 JC28 B30 0.61 o 0.1 2.8
10568-09 JC28  A68+2VW 2.3 0 0.09 5.3
1051-03 LCR93 A60+1W 1.1 0 0.11 2.1
1051-04 LCRS3 A150+1E 0.87 0 0.12 2.1
1051-06 LCR93 Al51+1W 1.1 0 0.1 2.2
1051-12 LCRS3 A27+1W 2.3 0 0.09 4.7
1068-08 LCR93 A156+5E 1.6 0 0.11 1.5
1068-03 LPSS  POND2 4.5 0.17 6.7
1068-04 LPS9  POND 2.8 0 0.1 5.9
1068-05 LPS9  B6S+1E 7.9 0.12 12
1068~07 LPS9  B30+1W 5.4 0.1 8.6
1068-10 LPS9  Al2+1W 9.5 0.42 21
1032~01 MGR36 B57 3 0 0.11 20
1032-02 MGR36 B70 3.3 0 0.12 17



SOIL METALS DATA

(contd 3)

LAB WETCODEFIELD_ID AS_WW AS_WWDL CD_WW CD_WWDL CU_WW
1032~-03 MCR36 A2+1W 3.1 0 0.11 15
1032-04 MGR36 AR243+1W 5.5 0 0.12 18
1032-08 PC12 AB3+E 2.6 . 0.21 5.7
1032-09 PClz B38+2E 4.4 0] 0.09 5.1
1032-05 RR5 A138+2W 1.5 0.1 5
1032-06 RR5 A2711E 1.9 0.07 1.1
1032-07 RR5 B4 0+6MW 1.9 0 0.1 7.4
1051-01 SR24 Al4+2E 2.2 0.12 5.8
1051~02 SR24 C45+5NV 0.61 0 0.11 1.8
1051-05 SR24 43+6N 1.5 0] 0.08 2.4
1051-09 SR24 E+0+5N 3 0.2 14
1051-10 SR24 C43+6N 0.39 0 0.09 1.6
WETCODE FIELD ID CU_DWDL PB_DW PB DWDL ZN_DW ZN_DWDL

B3I AO+3W 150 130

B3I A15+2W 210 170

B3I A29+1W 180 130

B3I 0+0W 140 230

B3I 20+2W 100 63

B3I 68+0W 3.90 . 3.20

B3I 68+1W 58 55

BBC24 B15+2S

BBC24 ADAM 7.9 22

BBC24 A20+58 22 - 14

ELS3¢ A35+4W 24 3.30

ELS61 oW 17 37

ELS61 AQOW+50 65 75

ELseé1l AO+3N 17 21

ELS61 17+1W 54 80

ELW1 AS5+28 57 56

ELW1 A22+15 200 110

ELW1 235+1S 81 79

ELW1 A60+1S 100 63

FC1l A3C8+1N 28 59

FC1 ARIV 71 110

FC1 A62+12S 9.80 33

FC1 B38 50 40

HC13 B30 1.7 10

HC13 Al2+15S 25 34

HC13 242-1S 48 16

HC13 A69+38 8.7 12

Jczs8 294+1N 38 12

Jgc2s8 B30 9.10 1s

Jcz28 A68+2W 24 18

LCR93 A60+1W 49 7.10

LCRS3 Al50+1E 50 5.30

LCRS3 Al51+1W 43 6.70

LCRS3 A27+1W 23 9.10



SOIL METALS DATA (contd 4)

WETCODE FIELD_ID CU_DWDL PB_DW  PB_DWDL ZN_DW  2ZN_DWDL

LCRO3 Al156+5E 46 9
LPS9 POND2 _ 44 76
LPSS POND 18 ) 51
LPS9 B6S+1E 110 13
LPS9 B30+1W 69 77
LPS9 Al2+1W 100 9
MGR36 B57 9.10 €5
MGR36 B70 7.80 - €0
MGR36 AZ2+1W 9.90 62
MGR36 A243+1W 18 80
pCl2 A83+E 190 30
PCl2 B38+2E 18 47
RR5 Al38+2W 30 37
RR5 A2711E 85 51
RR5 B40+6MW ‘ 12 59
SR24 Al4+2E ' 300 72
SR24 C45+5NV 7.80 25
SR24 43+6N 230 12
SR24 E+0+5N 240 100
SR24 C43+6N ' 7.40 4.30

WETCODE FIELD ID CU WWDL PB_WW PB WWDL ZN_WW  ZN_WWDL

B3I AO+3W 78 65
B3I Al5+2W 70 57
B3I A29+1W 42 31
B3I 0+0W 58 95
B3I 20+2W 65 41
B3I 68+0OW 3.2 27
B3I 68+1W 26 25
BBC24 B15+2S 8.9 9.1
BBC24 ADAM 4.6 13
BBC24 A20+5S 9.3 5.9
ELS39 A35+4W 7.9 1.1
ELS61 ow 7 15
ELS61 AOW+50 7.8 9.1
ELS61 A0+3N 11 13
ELS61 17+1W 16 24
ELW1 A5+28 29 29
ELW1 A22+1S 43 - 23
ELW1 2A35+1S 48 47
ELW1 160+1S 67 41
FC1 R39+1N 11 24
FCl ARIV 39 61
FCl 262+128 5.7 19
FCl B38 18 14
HC13 B30 0 0.24 1.5
HC13 A12+1S 7.8 10
HC13 242-1S 7.4 2.5



SOIL METALS DATA (contd 5)
WETCODE FIELD_ID CU_WWDL PB_WW PB_WWDL ZN_WW ZN_WWDL

HC13 AG69+3S

1.3 1.8
Jczs A94+1N 8.3 2.7
JC28 B30 1.7 3.6
JC28 A68+2W 6.2 4.9
LCR93 AG60+1W 8.9 1.3
LCR93 Al50+1E §.6 0] 0.92
LCR93 Al51+1W 7.5 1.2
LCR93 A27+1W 3.9 1.5
LCR93 Al156+5E 7.5 1.5
LPS9 POND2 9.4 16
LPS9 POND 3.9 11
LPS9 BE9+1E 22 2.7
LPSS B30+1W 19 21
LPS9 Al2+1W 49 4.4
MGR36 B57 4.5 32
MGR36 B70 3.9 30
MGR36 A2+1W 4.4 28
MGR36 A243+1W 8.2 37
PC1l2 AB3+E 28 4.3
bCl1l2 B38+2E 10 27
RR5 Al138+2W 8.4 10
RR5 A2711E 9.2 5.5
RR5 B4 0+6MW 5.6 28
SR24 Al4+2E 36 8.4
SR24 C45+5NV 0 1.1 3.5
SR24 43+6N 32 1.7
SR24 E+0+5N 46 20
SR24 C43+6N 1.3 0.74
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Appendix B5 Soils Data- Microtox
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KING COUNTY WETLAND STUDY MICROTOX DATA, 1988.

DATE SI1TE EC 50 (PPM)

91188 RRS 990.6
91188 MGR36 564.2
91188 LPS9 1283.7
$1188 JC28 955.8
91188 LCR93 1807.8
101188 BBCL24 737.6
101188 fC1 551.7
101188 ELW1 96.7
101188 PC12 372.2
101188 HC13 1775.5
101188 ELS61 437.7
101188 SR24 886.1

EC 50= Concentration of soil matecrial (ppm) added to
bioluminescent bacterial growth medium that
produced a 50% reduction in light production
(relative to controlsy in a 15 minute exposure.



Appendix B6 Soils Data-~ Litter Content

KING COUNTY WETLAND STUDY LITTER SAMPL

SAMPLE Cu (AA) CARBON TOT K TOT P

PPH_ % % %
Tl - 24.03 47.8 0.733  0.051
2 44,38 4B.4 - 0.813  0.056
3 33,50 48.3 0.800  0.056
¢4 32.75 47.8  0.720  0.051
c5 28.35 47.5% 0.782 0.060
W1 - 10.20 46.4  1.835  0.095
- H2- 11.05  45.7  2.030 0.112
H3 7.73 464 1.792  0.100
Hé 9.05 47.3 1.688 D.0BY
HS . 10.67 46.0 1.790 0.094
s1 9.22 443 1.827 0.124
52 8.35 44.0 1.832 0.121
53 8.16 44.9 2.061 0.138
sh 10.75 46.1 1.858  0.131
55 7.76 44,6 1.864  0.125

NBS Pin 43.11 777 1.194  0.105

beanp b ek s cigam et e

e R S S



Appendix Cl1- gmergence Data for Macroinvertebrates Captured
in Each Wetland During Autumn 1988 Survey.

WA: King Cecunty Wetlands Project

Insect Emergence 1988

Bellevue 31 File: 88BV3I

Sept. 15- Nov 8, 1588 Cumulative Days:
No. of individuals per square meter.

TRAP ‘

TAXA A B C AVG VAR
Collembola 68 20 72 53.3 558.2
Psocoptera 36 4 84 41.3 1080.9
Thysanoptera 8 4 12 8.0 10.7
Hemiptera 4 0 4 2.7 3.6
Homoptera

Aphidae 4 144 8 52.0 4234.7

Cercopidae 4 0 8 4.0 10.7

Cicadellidae 0] 0 0 0.0 0.0
Neuroptera

Hemerobiidae 16 0 8 8.0 42.7
Coleoptera 0 0 4 1.3 3.6
Lepidoptera 0 4 0 1.3 3.6
Hymenoptera

Formicidae 12 0 0 4.0 32.0

Parasitoids 64 20 76 53.3 579.6
Arachnida 4 0 0 1.3 3.6
TOTAL TERRESTRIAL 220 196 276 230.7 1123.6
Plecoptera 0 0 0 0.0 0.0
Trichoptera 0 .0 4 1.3 3.6
Diptera

Nematocera 132 76 188 . 132.0 2090.7

Brachycera 164 84 212 153.3 2787.6
TOTAL AQUATIC 296 160 404 286.7 9866.2

GRAND TOTAL 516 356 680 517.3 17496.9



WA: Xing County Wetlands Project

Insect Emergence 1988

Big Bear 24
Sept. 15— Nov,

No. of individuals per square meter,

TAXA

Collembola
Psocoptera
Thysanoptera
Hemiptera
Homoptera
Aphidae
Cercopidae
Cicadellidae
Neuroptera
Hemerobiidae
Coleoptera
Lepidoptera
Hymenoptera
Formicidae
Parasitoids
Arachnida

TOTAL TERRESTRIAL

Plecoptera

Trichoptera

Diptera
Nematocera
Brechycera

TOTAL AQUATIC

GRAND TOTAL

1988

88BB24
TRAP
A B
40 28
72 140
8 8
0] 0
0 20
4 0
0] 4
0 0
16 12
0 0
0 o]
16 20
4 0
160 232
0 0
4 0
208 300
24 28
236 328
3¢6 560

292

5868
12

600

892

VAR

174.2
5002.7
14.2

[80]
w w
OO O

—
[eNaNe)
[eRPN N ®)

26200.9
46.2

23882.7

22570.7



WA: King County'Wetlands'P:oject
Insect Emergence 1588 ’
Lower Cedar River 93

Spt. 14~ Nov,

TAXA

Collembola
Psocoptera
Thysanoptera
Hemiptera
Homoptera
Aphidae
Cercopidae
Cicadellidae
Neuroptera
Hemerobiidae
Coleoptera
Lepidoptera
Hymenoptera
Formicidae
Parasitoids
Arachnida

TOTAL TERRESTRIAL

Plecoptera
Trichoptera
Diptera
Nematocera
~Brachycera

TOTAL AQUATIC

GRAND TOTAL

19e8 .
No. of individuals per square meter.

1102
€72

1826

2270

TRAP

1000
272

1284

1688

File: BBCR93

12
100

W
O s QO

1460
708

2224

3064

AVG VAR
8 o 10.7
128 1802.7
l6 138.7
3 3.6
43 579.6
89 739.6
23 270.2
1 3.6
28 138.7
1 3.6

1 3.6
205 19214.2
16 74.7

563 38723.6

4 32.0

36 288.7
1187 38907.6
551 390432.6

1778 148418.7

2341 318059.6

(SN

il



WA: Xing County Wetlands Project
Insect Emergence 1988

Forbes Creek 1
Sept. 15— Nov.

File:
1988

88FC1

No. of individuals per square

TAXA

Collembola
Psocoptera
Thysanoptera
Hemiptera
Homoptera
Aphidae
Cercopidae
Cicadellidae
Neuroptera
Hemerobiidae
Coleoptera
Lepidoptera
Hymenoptera
Formicidae
Parasitoids
Arachnida

TOTAL TERRESTRIAL

Plecoptera
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Brachycera
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Wh: King County Wetlands Project
Insect Emergence 1988
Mid-Green River 36 File: B8GR36
Sept. 1l4-Nov. 7, 1988

No. of individuals per sguare meter.

TRAP

TAXA A B cC
Collembola 8 0 20
Psocoptera 28 20 44
Thysanoptera 4 4 0
Hemiptera 0 0 4
Homoptera

Aphidae 52 28 0

Cercopidae 4 0 8

Cicadellidae 0 24 4
Neuroptera

Hemerobiidae 0 o 0
Coleoptera 8 16 16
Lepidoptera 4 0] 0
Hymenoptera

Formicidae 0 0 0

Parasitoids 28 44 44
Arachnida : 12 4 8

TOTAL TERRESTRIAL 148 140 148

Plecoptera 6 . 0 0
Trichoptera o] 0 0
Diptera
Nematocera 124 332 588
Brachycera 28 96 48
TOTAL AQUATIC 152 428 636
GRAND TOTAL 300 568 764
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WA: Xing County Wetlands Project
Insect Emergence 1988

Harris Creek 13

Sept. 15- Nov.

TAXA

Collembola
Psocoptera

Thysanoptera
Hemiptera
Homoptera
Aphidae
Cercopidae
Cicadellidae
Neuroptera
Hemerobiidae
Coleoptera
Lepidoptera
Hymenoptera
Formicidae
Parasitoids
Arachnida

TOTAL TERRESTRIAL

Plecoptera
Trichoptera
"~ Diptera
Nematocera
Brachycera

TOTAL AQUATIC

GRAND TOTAL

File:
1988
No. of individuals per square meter.
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WA: King County Wetlands Project

Insect Emergence 19€8

Jenkins Creek 28

Sept. 14— Nov.

TAYA

Collembola
Psocoptera
Thysanoptera
Hemiptera
Homoptera
Aphidae
Cercopidae
Cicadellidae
Neuroptera
Hemerobiidae
Coleoptera -
Lepidoptera
Hymenoptera
Formicidae
Parasitoids
Arachnida

TOTAL TERRESTRIAL

Plecoptera

Trichoptera

Diptera
Nematocera
Brachycera

TOTAL AQUATIC

GRAND TOTAL

File:
1988
No. of individuals per square meter.
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WA: King County Wetlands Project

- Insect Emergence 1988

Patterson Creek 12 File: 88PCl2
Sept. 15— Nov. 8, 1988

No. of individuals per square meter.

TRAP

TAXA A B ~ C AVG VAR
Collembola 208 72 124 134.7 3139.6
Psocoptera 8 4 8 6.7 3.6
Thysanoptera 0 12 28 13.3 131.6
Hemiptera 0 0 o] 0.0 0.0
Homoptera

Aphidae 8 8 44 20.0 288.0

Cercopidae 12 56 36 34.7 323.6

Cicadellidae 52 52 52 52.0 0.0
Neurcoptera

Hemerobiidae 0 0 0 0.0 0.0
Coleoptera 16 . 20 20 18.7 3.6
Lepidoptera 0 0 0 0.0 0.0
Hymenoptera

Formicidae 0 0 0 0.0 0.0

Parasitoids 64 80 80 74.7 56.9
Arachnida 16 4 12 10.7 24.9
TOTAL TERRESTRIAL 384 308 404 365.3 1710.2
Plecoptera 0 o] o) 0.0 0.0
Trichoptera 4 0 0 1.3 3.6
Diptera

Nematocera 436 320 240 232.0 6474.,7

Brachycera 128 132 126 128.7 6.2
TOTAL AQUATIC 568 452 366 462.0 6850.7

GRAND TOTAL 852 760 770 827.3 7787.6



WA: King County Wetlands Project
Insect Emergence 1988 : :
Lower Puget Sound 9 @ File: 88PS9
Sept. 14~ Nov 7, 1988 :

No. of individuals per sqguare meter.

TRAP

TAXA A B c
Collembola 68 - 24 56
Psocoptera 0 8 0
Thysanoptera 8 0 4
Hemiptera 0 4 4
Homoptera

Aphidae 4388 944 736

Cercopidae 16 4 0]

Cicadellidae 12 4 12
Neuroptera

Hemerobiidae 0 0 0
Coleoptera 16 40 8
Lepidoptera 0 0 0
Hymenoptera

Formicidae 0 o] 0

Parasitoids 144 68 60
Arachnida 4 0 0]

TOTAL TERRESTR&AL 4656 1096 880

Plecoptersa 0 0 0
Trichoptera 4 4 0
Diptera
Nematocera 1260 1056 572
Brachycera 484 268 256
TOTAL AQUATIC 1748 1328 828
GRAND TOTAL 6404 2424 1708

AVG VAR
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WA: King County Wetlands Project
Insect Emergence 19€8

-Raging River 5 File: BBRRS
Sept. 14- Nov 7, 19€8

No. of individuals per square meter.

TRAP

TAXA A B C
Collembola 56 4 176
Psocoptera 8 92 12
Thysanoptera o 20 B
Hemiptera 4 o 0]
Homoptera

Aphidae 36 16 16

Cercopidae 52 100 16

Cicadellidae 36 48 16
Neuroptera

Hemerobiidae 0 8] o]
Coleoptera 80 300 220
Lepidoptera : 8 28 12
Hymenoptera

Formicidae o] 0 156

Parasitoids 36 112 120
Arachnida i 0 8 20

TOTAL TERRESTRIAL 316 728 632

Plecoptera 0 0 0
Trichoptera 4 16 4
Diptera
Nematocera 2876 6016 4576
Brachycera 192 348 168
TOTAL AQUATIC 3072 6380 4748

GRAND TOTAL
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WA: XKing County Wetlands Project

Insect Emergence 1988
East Lake Sammamish 39

Sept. 14- Nov. 8, 1988
No. of individuals per square
TRAP

TAXA A B
Collembola 1432 580
Psocoptera 0] 0
Thysanoptera 16 4
Hemiptera o] 4
Homoptera

Aphidae 52 64

Cercopidae 8 24

Cicadellidae 16 4
Neuroptera

Hemerobiidae 0 0
Coleoptera 24 0]
Lepidoptera 0 0
Hymenoptera

Formicidae 0 0

Parasitoids 76 132
Arachnida 4 28
TOTAL TERRESTRIAL 1628 840
Plecoptera 0] o]
Trichoptera o] 12
Diptera

Nematocera 2396 2028

Brachycera 48 108
TOTAL AQUATIC 2444 2148
GRAND TOTAL 4072 2988
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WA: King County Wetlands Project.
Insect Emergence 1988

East Lake Sammamish 61 File:

Sept. 14- Nov.

No. of individuals per square

TAXA

‘Collembola
Psocoptera
Thysanoptera
Hemiptera
Homoptera

Aphidae
Cercopidae
Cicadellidae
Neuroptera
Hemerobiidae
Coleoptera
Lepidoptera
Hymenoptera
Formicidae
Parasitoids
Arachnida

TOTAL TERRESTRIAL

Plecoptera

Trichoptera

Diptera
Nematocera
Brachycera

TOTAL AQUATIC

GRAND TOTRAL

1988
TRAP
A B
64 108
28 48
0] 8
8 o]
8 20
16 8
12 4
0 4
8 304
4 0
0 0
160 148
4 4
312 656
0 0
0 8
7352 18468
672 624
8024 19100
8336 19756
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6664 11585.3
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WA: King County Wetlands Project
Insect Emergence 198¢ -
Snogqualmie River 24 File: B88SR24
Sept. 15- Nov. 9, 1988

No. of individuals per square meter.

TRAP

TAXA A A B C
Collembola 16 8 8
Psocoptera 0 4 4
Thysancptera 12 4 12
Hemiptera 0] 0 0
Homoptera

Aphidae 12 0 0

Cercopidae ' 48 20 16

Cicadellidae 40 8 32
Neuroptera

Hemerobiidae 0 0 0
Coleoptera 4 0 0
Lepidoptera 0] 0 0
Hymenoptera

Formicidae 0 0 0

Parasitoids 44 40 36
Arachnida 4 0 0]
TOTAL TZRRESTRIAL 180 84 108
Plecoptera 0] 0 0
Trichoptera 4 o] 0
Diptera ’

Nematocera 768 272 204

Brachycera 88 92 40
TOTAL AQUATIC 860 364 244

GRAND TOTAL 1040 448 352

489.3

613.3

£3192.9
55€.2
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WA: King County Wetlands Project
Insect Emergence 1988

East Lake Washington 1 File: B88LW1
Sept. 15- ?Nov. 8, 1988

No. of individuals per sguare meter.

TRAP

TAXA A B o
Collembola 48 44 128
Psocoptera 28 28 60
Thysanoptera 0 0 0
Hemiptera 0] 0 0
Homoptera

Aphidae 4 4 4

Cercopidae 8 4 8

Cicadellidae 0 12 0
Neuroptera

Hemerobiidae 0 0 0
Coleoptera 0] 0] 16
Lepidoptera 0 0 0
Hymenoptera

Formicidae 0 o] 0]

Parasitoids 24 44 28
Arachnida 4 8 0]

TOTAL TERRESTRIAL 116 lad 244

Plecoptera 0 0 0
Trichoptera 0 0] 0
Diptera
Nematocera 100 28 96
Brachycera 86 <4 76
TOTAL AQUATIC 196 72 172

GRAND TOTAL , 312 216 416
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Appendix C2- Macroinvertebrates Taxa Erected in Wetlands
and Their Habitat Affinities.

Urban Steormwater and Puget Trough We

¥ing County (WR) Rescurce Flanning, MITEG, Uniw zzhiingToin
Comments ca tawa licst devived fyrom 1887 sampling o nmav:zin
habitats. R.W. Wissgeman. Aguatiz Consulilant.

x indicates that emergence Irapping should samgle theze tzus
quantizatively. :

xx indicates that emercgcence trapping shculd sample thece
taxa semi-guantitatively.

Insect orders listed prylogenetically., Familiesgs listed

alphabetically.
INSECTA: EPHEMEROPTERA (Mayflies)

*Baetis (Baetidae): Widespread lotic taxa. However, csome
zpecies have been reported from lentic habitats. Necrthwest
tavxa typically associated with lotic waters of zll sizes znd
gradients. Probably associated with inlet/outlet channels.
Herbivore and detritivore.

*Callibzetis (Baetidae): Taxa common in lentic waters.

*Tinpancza (Ephemerellidze): Previously reported from lotic
habitats (poocls in streams-rivers). Prcbably associated
with inlet/outl=t channels, but can’t rule out asscciation
with cool-lentic waters.

xParaleptophlebia (Leptophlebiidae): Has been zssociated
with lotic hzbitats. Probably associated with inlet/outlet

channels. Detritivores.

*Heptageniidae: Most genera azssociated with lotic habitats.
Northwest tzxa are typically lotic water inhazbitants.
Probably &associated with inlet/outlet channels.

*Siphlonurus (Siphlonuridae): Typically associated with
lentic habitats. Omnivore. Mazy be found in permznent oyr
temporary waters.

INSECTA: ODONATAR; ANISOPTERA (Dragonflies)

xxAeshnidae: Common taxa of permznent lentic habitats.
Larvae usually associated with submerged or emergent
vegetation. Larvae and adults are predators.. BAdultis can
disperse over large areas. Presence of adults does not
always indicate precsence of larvel habitats.

**xGomphidae: Northwest taxa typically asscciated with lotic
habitats. Found in detritus in pools c¢cf low to modersate
gradient streams. Predators (larvae and &adults). Adults



will Qisperse .over lcng distances, and are not alwazvs
cssociated with lzrval habitats. Larvze probakly zzzzoizzeid
with inlet/cu:ilet channels

xxLibellulidae: &s with Aeshnidae.

INSECTA: ODCNATA{ ZYGCPTERA (Damselflies)

*xCoenagrionidae: Larvae typically associated with
permanent lentic habitats. Adults usually remain near the
larval habitats. Lzrvae and adults &are predaters.

Damselflies zre =maller than the dragonflies, and shoul!d be
sampled more effectively by emergence trapping. Emerging
adults require terrestrial substrates to crawl out onto.
This can be provided by the trap rim, emergent vegetaticn
under the trap, or floating debris.

*xLestldae: As with Coenagrionidae.

INSECTA: PLECOPTERA (Stconeflies)

xNemouridze: Taxa zssociated with a wide variety of lentic
and lotic hebitats. Mcst genera and species associated with
lotic habitats, however, some Northwsst taza associzated wit!
temporary waters. Mazy not be exclusively associated with
inlet/outlet channels. Need specific identification.
Detritivore

xIsoperla (Perlodidae): Inhabits lotic waiters. Probably
associated with inlet/outlet channels. Predator.

INSECTA: HEMIPTERA (True bugs)

Belastomatidae (giant water bugs): Permanent lentic waters
(marsh, pondl. Adults and larvze are zaguatic. Precdators.
Not sampled by emergence cages. Prcbably in low abundance.
Corixzidae (water boatman): Larvae and adults are aguatic
(lentic-marsh, pond, lake-littorald. Adults can fly tc
disperse between habitats. May be caught incidentally in
emergence traps, but not guantitatively.

Gerridae (wzters stiriders): Larvae and adulis are aguatic
(surface film). Lentic and lotic (poecls). Predatcors. Scnme
adults capable of flicht. May be incidentally caught in

emergence traps, but not guanititatively.

Lygaeidae: Terrestrial. . Associated with plants (?with
" emergent macrophytes).

IN]
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*Enabelia (Lineghiiideae?: Assccizted with cocli-lsrnziz
;aters. Northern-transcontinentzl Cetriciveore-cnrnionrs
xDicosmoecus (Limnephilidae’: Usuzlly zzzzoizzed witn l:o:iz
waters. Two Nerthwest species. Cne sgeczies dzes zozur ina
coecl-lentic hazbitats (cmnivore), the cther zpecies i:
strictly confined to lciic waters (herbivcre-ccraper)
Probably asscciated with inlet/oulet channels

x[Limnephilus (Linmne ph!lﬂae) Commen lentic taxe.
Detritivore-onnivore. ‘

*Psychoglypha (Limnephilidae): Most taxa associated with
lotic habitats, although several Northwest species are zlso
found in cool-lentic waters. Omnivere.

*Banksiola (Phryganeidae): Rssociated with cool-lentic
waters. Northern-transcontinental. Omnivore,.
xPolycentropodidae: May be associated with lotic and lentic
habitats. Some Northwest species found in both. Predaters.
*Rhyacophila (Rhyaceophilidae): A& lotic taxa. Probably
associated with inlet/outlet channels. Predator.

INSECTA: LEPIDCPTERA (MOTHS)

Geometridae: Terrestrial.

INSECTA: COLEOPTERA (Beetles): Adults cf aguatic taxza may be
incidentally caught in emergence traps, but not
cudrultatively.

Chrysomelidze: Terrestrial.

Coccinellidze: Terrestrizl.

Curculionidae: Some semi-aguatic taxa. Need genus and/cr

species determination.

Dytiscidae: Aadults and larvae are aquatic. Lentic and
lotic (pools). Acults and larvae usually associated with
macrecphytes. ‘
Gyrinidae: Acdults and larvae are aguatic. Lentic or lotic
(pools). Adults zssociated with the surface film. Larvae
usually associatied with macrophytes. Predztors.
Haliplidae: Acdults and larvae are aguatic. Lentic. A4Adulzs
gene* 3lly asscciated with emercent vegetation. lerbivores.

-



‘Hydrophilidae: idults and larvae are aguatic.

Lentic.
Predatcrs.
Staphylinicdae: Some semi-aguatic taxa. Need genus cr
species determination.
INSECTA: DIPTERA (Flies) : The flies will dominate the

emergence trap collecticns, and are prokably the most
numerically dominant group to be found in most marsh
habitats. Some of the families identified below have larwval
stages mostly confined to aguatic habitats. Scme families
have agautic and semi-aquatic larval forms, while some are
pretty much confined to semi-aguatic habitats (e.g. moist
organic matter). All will be sampled effectively by the
emergence traps. -

*Anthomyiidae: see Muscidae.
*Ceratopogonidae: Aguatic. Lotic and lentic.

*Chaoboridae: Aquatic. Lentic. Probably in deeper marshes
only.

%xChironomidae: Agquatic. Usually a dominant and diverse
component of lotic and lentic systems. Extensive literature
on usefulness for comparisons of environmental/habitat
conditions (although the Northwest fazuna is not well Known
in this regard).

*Culic
£

dae: Aguatic. Lentic. Taxa are generally habitat
specific

i
i

*Dixidae: Acguatic. Margins and surface. Lotic and lentic.

xDolichopodidae: errestrial, semi-aguatic, and aguatic.
Need generic I.D. Often in detritus (submerged or moust).

xEmpididae: Probably aquatic or semi-aguatic. Need generic
I.D.

Ephydridae: Rcuatic or semi-aguatic. Generally asscociated
with lentic-margins and macrophytes. Need generic I.D.
Lonchopterideae: Terrestrial or 7semi-aguatic. Larvze

generally associated with moist detritus.

Muscidae: Terrestrial, semi-aguatic and aguatic. Need
ceneric I1.D.

Mycetophilidae: Probably &ssociated with damp detritus on
margins.
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Sclaricdae: Probably associated with damp detrizu
margins. '
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Stratiomyiidae: Aguatic,
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Syrphidae: Need generic I.D. Terrestrial, senmi-
agquatic taxa. .

Tabanidae: Terrestrial, semi-aquatic and aquatic taxa.
Need generic I1.D. Probably associated with moist destritus.

Tipulidae: same.

INSECTA: HYMENOPTERA

Braconidae: Terrestrial parasitoid.
Formicidae: Terrestrial-ants.
Ichneumonidae: Terrestrial parasitoid.
Tenthredinicae: Terrestriai-sawflies.

ARACHNIDA (Spiders): Terrestrial or semi-agquatic (e.g on
margins or run across water surface’). Predators.

CRUSTACEA: None of the Crustzcea will be sampled by the
emergence traps. Are they common or abundant in many
marshes? If they are, are they patchily distributed? Could
use benthos samples to census.

Daphnidae (Cladoceral: Probably only the largest
individuals retained by the dipnet.

Asellidae (Isopcdad: Need specific I.D.
GCammaridae (Amphipoda): Need specific I.D.

Hyalellidae (Amphipoda): Probably Hyvellela zzteca, a widely
distributed lentic taxa.

MOLLUSCA: 21l of the families identified occur in lentic
waters. Many also occur in lotic waters. Need generic or
specific determinations to predict habitat association.

Will not be sampled by emergence trapping. May be commcn or
abundant taxa in some marshes/habitats. ?? auxiliary
sampling by benthos collections.

Ancyl idae (Gastropoda)l:



Lymnae idae (Ga.zIropodal:

Physidae (Gastrecpcdal:

Planorbidae (Gastropoda):

Sphaeriidae (Pelecypodal:

TURBELLARIA: Tricladla; Planariidae: Flatworms. Agquatic.
Will not be sampled by emergence traps.

HIRUDINEA: Leeches. Will not ke sampled by emergence traps.

OLIGOCHAETA: Lumbriculidae: Aguatic earthworms. Will not
be sampled by emergence cages. .



Appendix C3- Adapted Bird Protocols for 1989

1. All points are marked at the wetlands, due to travel and
terrain conditions it is not possible to arrive at all
points unseen; sometimes the flag-marked path follows the
wetland edge.

2. This is followed. All wetlands have a complete or near
complete coverage. i

3. This is done with special attention given to the birds in
the wetland. In some cases, like at LPS9, birds which are
obviously not associated with the wetland, like starlings
and house sparrows near the parking lot and buildings near
station 6, are ignored.

4. our system presently includes the recording of the
following (also listed on the data sheet):

Non-territorial call

Territorial song

Pecking or drumming

Visual

Flyovers either:
- associated with the wetland
- not associated with the wetland

This last point is subjective but includes: level of
flight, whether or not the bird lands in the wetland,
or flight behavior, such as circling.

* ok ok % ok

There is a space for notes on the data sheet, but any
notation of nesting behavior outside of territorial song is
not entered into the computer.

5. We census early in the morning. You know the census
periods, to reiterate:
winter= mid~-January:;
springl= last week of March, first of April;:
spring2= last of May first of June;
fall= mid November.

The summer census and not the winter census was dropped
because it was felt that the birds recorded in the second
spring census adeguately represented the birds found in the
summer. Winter census not only includes year-round
residents but wintering migrants. This decision was made by
Mike Emmers and JIm Shields, I don't know how Gordon would



feel about it. I think that visiting winter birds are an
important and distinct component of this area's avifauna,
especially in wetlands.

6. As in number 3. a complete or near complete census is
available for all wetlands. Dr. Conquest and I are
investigation "bird specific" circular plot analysis
techniques. '

7. Self evident.

8. We census Forbes Creek in this manner, but with 4
stations, this number adequately represents the site without
too much of an overlap problem.

At this site only the ducks within 10 meters of the bridge
at the final station are recorded. The ducks, cormorants,
gulls etc. associated with the lake are ignored except when
flying over, or using the wetland.

~-At all sites both the distance to and direction (in eighths
of a circle; i.e. N, NE, E, SE..) of each bird sighting or
sounding is recorded.

-The time on the sheets represents only the start of the 15
minute period at each station.

-Each site is visited four times by different individuals
during each sample period. This allows for a minimum of
replication so that some statistics can be used.
~Temperature and weather are recorded for each site, using a
thermometer and a 4 point scale, respectively. The four
point scale: O=snow; l=rain; 2=covercast; 3=partly cloudy;
4=sunny, clear.

A lso atrdud <5 am Wertebrare Scazwplnv p{afa sheett-.



Appendix C4- A Proposed Methodology for Monitoring Mammalian
Herpetofaunal Populations in King County
Wetlands .

A PROPOSED METHODOLOGY FOR MONITORING MAMMALIAN AND HERPETOFAUNAL

POPULATIONS IN KING COURTY ¥WETLANDS

By

Stephen D. West, Ph.D.
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XONITORIRG MAKHKALIAN ARD HERPETOFAUNAL POPULATIONS

Introduction

Thie estudy plan outlines an mpproach for monitoring populations of
memmale, emphibiasne, &nd reptiles to determine the effects of stormvater
retention in selected King County vetlende. The firet year of monitoring
will estasblish baseline dete for asll studied wetlands. In subsequent years
half of the vetlands ¥ill be used to retain stormveter, and differences
betveen treated and untrested vetlende in indicee of relative abundence for
these taxa vill be investigeted.

Beceuge the reptilisn feuna of western Washington is relstively
depauperste, I expect to desl primarily with the mammals and amphibiens.
Accordingly, the sempling techniques proposed target these groups for
maximum efficiency within the constreints of the Puget Sound Wetlandes end
Stormveter Management Research Program.

General Approach

A key consideration bearing on the sguccess of this effort is the
appropriste pairing of wetlende. It is of course critical that the pairs
be esimilar in genersl stiribhutes such that the essumption of 2 roughly
equel resource milieu before treatment can be made for these texa. It ig
aleo critical, because historical factore probably are important in
determining the composition of these wvetland faunes, to compare vetlandse
that chare the same taxa. For thie reason, the firet year of the study
vill be needed to identify eppropriate pairinags. Some vetlands, xhich
might be used for monitoring other environmental parameters, may not be of
much uee for the vertebrate comparieone. The site selection process should
proceed in tvo parts: &n initisl sgelection of 16 vetlands (eight pairs}
vill be made based upon minimizing logieticel difficulties, &nd if neces-
eary after analyzing the dets for theee paire, en sdditional essmpling end
replecement of ill-metched psirs wvill be done with one or both of the
remeining vetland paire. Because of substantial time requirements for
zampling, it seems eppropriate to sample a sgubset of the 20 vetlands
selected by the program for ctudy.

Both of these vertebrate taxe are subject to lasrge intersample
varistion. Some mammalien species undergo large annual or multiannual
fluctustions in population eize, and all amphibians have seasonal activity
peake outside of which they may be rarely seen. It is therefore necessary
to gample the wetlend peire simulteneocusly in appropriaete times of the
year.

Mammals generaslly heve populstion minima in the epring vwith maxima
after the breeding season in late summer or early fzll, Maemmal populations
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tend to persist in the best habitste through vinter and go locally extinct
in poor hebitats. For this reeson, spring census deta are valuable in
identifying "survivel™ habitete, or high quality habitetz. At the same
time, becsuse populetions are emall in spring, adequate ssmple sizes can be
hard to obtein. On the cther hend, fall populations may be relatively
large and easily sempled, but habitst maffinities may be diffuse, as
habitats of high end lov quality mey be occupied. At a minimum, mammals
ghould be censused in the spring and fell to encompass such seasonal
dynamics.

The dynamics of amphibien populations are poorly known. It is clear,
hovever, thaet they must be sampled in the spring and fall. During mid-
summer and winter many amphibians retreat to inaccessible locations, i.e.,
rodent burrovs, mud, large logs, and rock crevices, vhere they cannot be
censused. In spring, many are actively breeding, and often are present in
good numbers. In the fall, at least a week sfter the first substantial
rain, many amphibians are surface-active until cold weather arrives.

Before the fall rains, amphibian sampling is a waste of time.

For these reasonsg, the spring and fall are the seasons of choice for
censusing. The need for precise timing of sampling is less critical for
mammals than amphibiang. Within the spring snd fall seasons, sampling
should be contingent upon amphibian surface activity. The timing of
sampling in a given year also must be sensitive to current phenology. In
years vith late eprings, samples must be taken later; in years vith late
fall rains, samples must alsc be delayed.

NMethodology

Four people vill sample four wetlends in the spring and fall of each
year. Wetlands should be grouped to minimize travel time. Paired vetlands
should be sempled simulteneously, end 2ll sampling should be concluded
vithin a tvo veek period. All four vetlands should be sampled simul-
taneously.

Spring sampling should begin whenever amphibian surface sctivity is
clearly undervay (sometime in March-April). This can be assessed with
periodic observations made during other aspecte of the program. Fall
sampling should begin & veek or so efter the first drenching fall rains
(usually early October), vhen amphibian activity is noticeable.

To acquire information on as many mammalian species as possible, the
techniques described belov focus upon species of small body size. Census-
ing large, mobile enimale that are infrequently encountered is expensive
both in terms of equipment and time. Further, their distributions are
sensitive to & range of uncontrolled conditions outside vetland boundaries.
Small mammals are often present in sufficient numbers for statistical
treatment, are tied closely to local environmental conditions, and reflect
changes in their environments on & shorter time scale than do large
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memmals. This gampling protecel for mammale focuses upon Insectivoree and
rodents (Teble 1), '

A congtraint of the program is the desire to use;live—capture
techniques for aeseseing species abundance. This is & problem because
capture efficiencies for livetrapping methods are roughly three times lecs
efficient for mammals than collecting methods. In an attempt to ameliorate
the consequences of this constraint, I propose to use pitfell traps, vhich
are efficient at capturing emphibians and certein small mammals, in .
cepture-release fachion. Pitfall treps are used primarily as a removal
technique, but can function as & livetrap if checked Irequently enough.

The pitfall traps will be augmented vwith Sherman livetraps to capture those
emall mammel species that either do not enter pitfall treape, or escape from
them readily.

Pitfall Trepping

In each vwetland, 20 pitfall treps (Figure 1) xill be instzlled along
tvo transects of 10 treps each. The beginning and end of each transect
ghould be permanently marked with & 1m length of zluminum conduit. There
chould be 10m between flagged, trap ststions. Treps should be placed
vithin 2m of the ststion flag in places likely to catch something, i.e.,
next to logs and dense vegetation or in eetablished rodent runvaeys. Field
personnel vill be instructed on the finer points of trap placement before
ganpling beginge., Trape sre constructed of tvo No. 10 tin cane (3 1b coffee
cans) joined together et the flered endes vith duct tape. The bottom of the
upper trap must be removed. This arrangement resulte in a trep about 6
incheg in diasmeter and 14 inches in height. Post-hole diggerse are used to
excavate the hole for the treps, which are then buried with the upper edge
flush with the ground surface. Plestic collers {(margsrine tub with bottonm
removed} are pleced inside the can to prohibit amphibiens from crevling out
of the trep. Half = rocfing shingle ig placed over the trap to keep out
rein and debris. V¥hen not in use, the traps are closed vith & tight-
fitting plestic lid. Barring human dieturbence, the traps vill last the
length of the progrem (et least 5 years), end need be inestalled only once.

Because the smaller shrews will die without food every 4 hours or so,
it will be necessary to provide food in the pitfall and livetraps. Each
trap ¥ill need a healf ounce or so of suet. A pilece of polyester fiber
placed in each trep vill also help avold hypothermis. Animale found dead
in the trape ehould be placed in zip-lock plastic sandwich bags vith
capture information: name of collector, date, locetion, and frozen as soon
as poseible.

Pitfell trape vill be operated continuouely for 2 veeke, and will be
checked every morning end evening. Ceptured animals will be identified to
epecieg (Figure 2), marked es to capture status, and released. It is
unnecegeary to individuaslly mark captured snimalse. Because we vill need to
know only the toial number of esnimels captured, marks can be temporery and
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‘non-treumetic. Memmals cen be merked by clipping the teil pencil (terminel
hairs) or a patch of dorsal pelage, and amphibiens can be marked by
- clipping the tip of & toe or taeil.

Sherman Livetrapping

Large-sized Sherman livetraps will be used to sample the larger or
more agile small mammals. Tvo transects each consisting of 25 trapping
stations separated by 10m will be used. One trap vill be placed vithin a
meter of the trapping stations, egain, vhere they vwill catch something.
Each trap vill be baited vith rolled oats and suet, and polyester fiber
vill be used as described above. Sunboards vill be used to shade the traps
and protect them from rain.

Placement of the Sherman transects and the pitfall transects will be
a field decision. It is desirable that the transects cover the major
habitats in each vetland, and it is especially important that similar
habitats be sampled for each pzir of wetlands. The simplest arrangement
might be to alternate Sherman and pitfall transecte around the periphery of
the vetland. As much mammalian activity centers on the water-land inter-
face, it is preferzble to locate the transects as close to the water as
possible.

.The Sherman traps will be operated for tvo periods of three con-
tinuous days. As each field person will operate 100 traps alternately
betveen two wvetland pairs, a total of 400 traps vill be needed to sample
2ll 16 vetlands:

Bay1 2 3 4 5 6 7 8 5 10 11 12 13 14 15

Site A T T T T T T
Pair 1

Site B T T T T T T

Site A T T T T T T
Pair 2

Site B . T T T _ T T T

Although three deys of trapping are indicated above, it will be necessary
to pick up the traps from cne vetland and set them at another during the
"free” day. Recall that all pitfall traps are in operation for 14 days of
this pericd. )

Data Analyees
Both trapping techniques will yield catch per unit effort data. With

sufficient captures, such data can be compared vith respect to treatment
using either two-way ANOVA or. paired t-tests if capture data can be



trancformed spproprietely, or vith Wilcoxon'e Signed Ranks test if they
cannot. It will be difficult to identify subtle differencee due to
trestment if the nonpersmetric teet muet be ueed, ®E & minimum of Eix
peire, ell of like £ign, are required for eignificance. Should four paired
gites differ in initiel epecies compoeition and need replecement, wve vould
be st thie minimum number of pairs.

Becaugse csome species will be infrequently ceught, stetisticel
inference vill not be poseible for ell speciee. It should be poseible,
hovever, to uese these detas to calculate species number end follovw its
responge to treatment.

Logistical Requirements
Requirements are estimested for each iteration of the trapping
protoacol. A minimum annual coet, resulting from & fall and spring sampling
schedule, vould be ebout twice thet indiceted. Materiasl costs sfter the
firet year are negligible, most of the expense resulting from personnel.

Pergonnel Time/Cost

Fieldvorkers (4).

Trancsect ecteblishment (first yesar) 1 day/person

Pitfell installetion (first yesr) 3 daye/person

Pitfall and Sherman trap checks ‘ 14 days/pereson
Data Analyst (1)

Data editing and compilstion 2 dayse

Computer data entry 1 dey

Supervisor (1)

Fieldvork supervieion 2 days
Design of data forms (primarily firet year) 1 day
Report writing 3-4 dave
Travel
Supervisor :
Instructionsl field visit (as required) £20 (?2)
Site visits as required {4 minimum) ' €50 ()
Fieldworkers
Trensect establishment: two trips/site $ (7

Checking: two trips/eite each day for 14 days g (2}



Equiprent and Supplies

Pitfell traps

640 No. 10 tin cans for 320 traps (first year)

duct tape (first year)

plastic collars vith lids (first year)
320 roofing shakes or boards (first year)
rolled oats, suet

polyester fiber

ziplock sandvich bags

plastic flagging

'metric measuring tape

€64 transect markers {lm aluminum conduit)
'posthole diggers

Sherman trapping

'400 large, folding aluminum traps
‘400 masonite sunboards

rolled oatg, suet

plastic flagging

polyester fiber

ziplock sandvich bags

'metric measuring tape

€4 transect markers

Data forms

Provided by supervisor on vaterproof paper

!Available from the University of Washington

that the project will replace any lost or destroyed

equipment.

$100 ()
$20

€50 (?)
$20 (27}
$20

$10

£S5

$20

no charge
£55

no charge

no charge
no charge

charged above
charged above
charged zbove
charged above

no charge
€35

$20

vith the understznding
equipment with

nevw



Teble i. Swall memmele potentially cccurring in the vetlands of vestern
¥King, Snchomiseh, and Pierce Countieg, Washington. '

o

Insectivore ' ' S Caﬁﬁgnb gggéir
Sorex cinereue magked shrev g  : X
gg:g£ veqgrans vagraﬁ% shrew | X
Sorex monticolus montggg shrev - X
Sorex pelustris vater ‘shrew , X
Sorex bendirii Paciiic vatfer shrev X
Sorex trowvbridgii ;;;iﬁégdaéfgt85¥év' X
Neurcotrichus gibbsii éhféa:%%iéjg-{’ ' X
Scepenus townsendii ”waﬁéénawé male X
Scepanus ararius | ‘;oé;{ﬁhdle Ak

Rodentia

. Temies tovnsendii Tovnise_nd'_s chipmunk X
Temisecirurus douqlssii bgﬁéléé;lsquif;éf X
Glsucomye sebrinus ' ﬁ;¥€gg:ﬂ“flyih§'squirrel X
Peromyscue maniculztus deéfﬁguéé o AR X
Peromyscue orees féréggddeermouse v X
Neotoma cineres ” bushyiiéiled voodrat X
Clethrionomﬁs gapperi é;ﬁfﬁérh réd-ﬁé&ked vole X
Microtue longicsudue » long-téiled vol;‘ ‘ . o X
Microtus oregoni Jlﬁféé;ing vole X.
Z2epue trinotatus Paci%ié jumping mousge - X

Cernivore -

Mustels erminee ermine X

. Mustels frenate long-tailed wveesel ' © X
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