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Abstract

Washington State, USA has extensive coastal habi-
tats that extend from marine or estuarine ecosys-
tems upstream to the upper mixing zone where tid-
al surge and freshwater meet. We document a rare
maritime chironomid genus, Eretmoptera Kellogg,
1900, from these habitats. The larvae of Eretmop-
tera were identified from 21 samples composed of
17 sites in the Puget Lowlands and Coast Range
ecoregions based on a total of 1067 samples ex-
amined. Larvae were compared to reference mate-
rial to confirm identification. We document Eret-
moptera from low order forested streams in urban
and private lands. Many sites sampled were near
marine habitat and likely experienced saltwater
intrusion while at least six sites were far from salt-
water intrusion and were likely fully freshwater.
We compare larval habitat for Eretmoptera in this
study to larval habitat of the sub-Antarctic and
Antarctic E. murphyi Schaeffer, 1914, the only
species in the genus for which larvae have been as-
sociated. The georeferenced data provided in this
study should spur further research to find and asso-
ciate all life stages for Eretmoptera in Washington
State to verify the genus identification and to help
solve its taxonomic position within maritime and
terrestrial Orthocladiinae.

Introduction

Washington State has extensive seashore, estua-
rine, and tidal surge habitat with 4870 km (3026
miles) of coastline (NOAA 2025). Our faunistic
knowledge of benthic invertebrates inhabiting
these systems is at best preliminary, with many
taxa never thoroughly surveyed in the region. This
is particularly true for insects in nearshore marine
environments, estuaries, and tidally influenced riv-
ers and streams. Gaps in this knowledge need to be
filled, particularly as biodiversity in aquatic eco-
systems is declining at a greater rate than terres-
trial habitats due to extensive water use by agricul-
ture and industry combined with increasing threats
from invasive species and climate change (Strayer
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and Dudgeon 2010, Fabricius et al. 2014, Reid et
al. 2019). Estuarine and nearshore invertebrate
diversity is also declining (Worm et al. 2006), a
particular problem for understudied invertebrates
of these ecosystems such as maritime Chironomi-
dae. Declines in biodiversity necessitate increased
publication of georeferenced biodiversity data
(e.g., Costello et al. 2013, Costello et al. 2018,
Ball-Damerow et al. 2019) either in biodiversity
centered research or as appendices related to eco-
system research. The purpose of this paper is to
provide detailed range and ecological information
for larvae of a rare maritime chironomid taxon,
Eretmoptera Kellogg, 1900 found in Washington
State.

Eretmoptera browni is the only described species
of Eretmoptera in North America, the sole other
described species being E. murphyi Schaeffer,
1914 from Antarctic and sub-Antarctic islands.
Adults of E. browni are brachypterous (Kellogg
1900, Hashimoto 1976), collected in intertidal
habitats in California (Kellogg 1900, Wirth 1949);
no larvae or pupae have been associated with the
adult of E. browni (Andersen et al. 2013). Larval
descriptions for the genus are based on larvae of E.
murphyi with the two species placed in the same
genus solely based on adult female taxonomy (An-
dersen et al. 2013). Most recent publications on the
genus center on E. murphyi as a terrestrial, par-
thenogenic Antarctic midge, particularly its role as
an invasive species in the subantarctic Signy Is-
land, from which the immature stages have been
described (Cranston 1985, Convey 1992, Bartlett
et al. 2019).

We have long-term, extensive chironomid data for
Washington State generated via collaborations of
Rhithron Associates, Inc. (RAI) with state, county,
city, and non-profit agencies tasked with bioassess-
ment of the state’s aquatic resources. Washington’s
4870 km of coastline extend from the upper estu-
ary at the mouth of the Columbia River, around
Cape Disappointment and north to Cape Flattery
along the outer Pacific Coast, then inland along the



Strait of Juan de Fuca and the Salish Sea. Taxono-
mists at RAI identified Eretmoptera from Wash-
ington State. Our goals are to:

- Document new distribution records from Wash-
ington State of the genus Eretmoptera as currently
recognized in Holarctic taxonomic keys,

- Provide a georeferenced database for the new
chironomid records,

- Use the results to highlight issues in taxonomy
and ecology of this rare and unique taxon in Wash-
ington State.

Methods

Chironomid specimens were identified from 1067
sites collected from nearly every part of Washing-
ton State, USA. Benthic samples were collected
in Washington State from 2001-2024 by various
organizations, including city, county, and state
agencies. All Chironomidae were processed and
identified by RAI taxonomists following state and
federal protocols. Taxonomic data for this paper
were used with permission from: the Cities of
Bellevue, Bellingham, Bainbridge Island, Bothell,
Federal Way, Issaquah, Kirkland, and Redmond;

King County; Pierce County; Seattle Public Utili-
ties; Snohomish County Public Utilities Division;
Vashon Nature Center, LLC; and the Washington
State Department of Ecology.

Larvae were identified based on a commonly used
and widely respective key (Andersen et al. 2013).
Eretmoptera larvae were identified based on the
following combination of characters (Fig. 1): pre-
mandible with five teeth, simple SI and SII setae
(Fig. la), five-segmented antenna (Fig. 1b), pro-
cerci and anal tubules absent from the posterior
end of the abdomen (Fig. 1c¢), mentum with me-
dian tooth double and with five lateral teeth (Fig.
1d), mandible with four inner teeth (Fig. le). Due
to the rare nature of the initial find and based on
RAI policy, specimens were verified by an outside
taxonomic expert (Peter Cranston). Voucher and
reference specimens were retained for some pro-
jects at client discretion; these specimens are cur-
rently housed at RAI. RAI maintains a Microsoft
Access database for all project data. Since RAI
as a second party identified samples made by the
first parties listed above, only latitudes and longi-
tudes were available, thus we had no direct eco-
system data available for this study. Queries were

Figure 1. Photomicrograph showing larval head morphology of Eretmopetera from the reference collec-
tion at Rhithron Associates, Incorporated: a) premandible with teeth numbered 1-5, and SI and SII setae,
b) antenna, c) posterior end of the abdomen, d) mentum, ¢) mandible with inner teeth numbered 1-4. Scale
bar = 100 pm.



conducted to extract location data from records
available for publication. Data were exported to
Microsoft Excel to create a distribution map gen-
erated with SimpleMappr (Shorthouse 2010). We
cross-checked latitude and longitude data for all
sites retrieved from the RAI database with data for
the same sites retrieved from the Washington State
Environmental Information Management database

(EIM 2021).

To test whether these data represented new records
of Eretmoptera, literature was retrieved from elec-
tronic databases (Web of Science, Google Scholar,
PubMed, Bibliography of the Chironomidae) via
individual searches or searches through Publish or
Perish (Harzing 2007). These databases were re-
viewed from project inception to the present cov-
ering publication dates from 1900 to July 2024 and
using keywords such as Eretmoptera, E. browni,
Chironomidae, chironomid, Washington State, Pa-
cific Northwest, Columbia River, and the specific
streams, wetlands, and lakes listed below. Distri-
bution of Eretmoptera was compared to Nearctic
and world catalogs of Chironomidae (Oliver et al.
1990, Oliver and Dillon 1994, Ashe and O’Conner
2012) and then to published literature listing Chi-
ronomidae to identify Eretmoptera as a new record
for the State.

Additional information on larval environments,
including estimates of stream width and distance
from the marine habitat, was collected. General-
ized land use and land cover (i.e. rural or urban,
forested or not forested) and estimated size based
on estimated stream width were retrieved from
Google Earth Pro. Distance of collection sites to
marine habitat or freshwater lake was estimated
using high resolution aerial imagery from Google
Earth Pro (version 7.3.6) and maps of river miles
(CBI Data Basin 2025). Estimates of the extent of
upstream tidal influence and upstream intrusion of
saltwater for tributaries of the Salish Sea (denoted
as river kilometer, rkm) were taken from Collins
and Sheikh (2005) and Hall et al. (2018). Catego-
ries for the Columbia River estuary were taken
from Hudson (2014).

Results

We retrieved 195 peer-reviewed research papers
from the database searches related to macroinver-
tebrates in freshwater and estuarine ecosystems in
Washington State. Of these, 122 papers contained
taxonomic information related to macroinver-
tebrates, but few papers listed chironomid taxa.
Paper publication dates ranged from 1969-2024.
Published taxa were found in text or in tabular
form within most papers and only one paper in-
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cluded a link to a taxonomic database for their
study (Morley et al. 2020). Review of these pub-
lications confirmed that Eretmoptera represents a
new record for Washington State.

Of the 1067 sites in Washington State for which
chironomids were identified by RAI taxonomists,
Eretmoptera larvae were identified from only 17
sites composed of 21 samples. Sites were located
in the Puget Lowland and Coast Range level III
ecoregions (USEPA 2013) (Fig. 2, Table 1). All
Puget Lowland stream sites were small tributaries
(~5 m or less in width) of rivers or flowed directly
into the Salish Sea (Table 1). These sites flowed
through urban, suburban, and exurban locations
characterized by riparian forests. Four stream sites
were proximal to the Salish Sea with three of these
sites located on islands (Table 1). Streams that
flowed directly into marine habitat or were tribu-
taries of rivers that flowed into the Salish Sea were
located within the estimated historic intrusion of
saltwater and within or just above the estimated
current intrusion of saltwater in tributaries of the
Salish Sea (Table 1). Five of the Puget Lowland
sample sites flowed into the freshwater Sammam-
ish Lake (Table 1). Larval habitat was primarily
urban forested corridors for all Puget Lowland
stream sites (Table 1).

The six Coast Range stream sites were small
tributaries (~5 m or less in width) of rivers that
flowed into the upper estuary zone of the Colum-
bia River and Willapa Bay (Table 1). These sites
flowed through rural areas characterized by sparce
to dense forests. One unnamed tributary of the
Elochoman River was located above the Colum-
bia River estuary (Table 1). Two stream sites in the
Grays River watershed that flow into the Columbia
River were at high elevation relative to sea level
representing a steep gradient from the Coast Range
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Figure 2. Distribution map of sample site loca-
tions where larvae of Eretmoptera were collected
in Washington State, USA. Black circles denote
sampling locations.



Table 1. Location and watersheds of sites from which Eretmoptera were identified and details on site proximity to
marine ecosystems and saltwater intrusion.

Number

samples/ Distance Elev Receiving aquatic
site Latitude  Longitude  (rkm)* (masl)  Watershed habitat

1 46.4269  -123.5297 37.97 295 Grays R. Columbia River!
1 46.3716  -123.5307 23.92 152 Grays R. Columbia River!
2 46.2902  -123.5541 5.56 32 Harlows Cr. Columbia River!
3 46.2205  -123.3366  8.16 36 Elochoman R. Columbia River?
2 46.3313  -123.8173  27.52 52 Naselle R. Willapa Bay

1 46.3326  -123.7752  24.58 65 Naselle R. Willapa Bay

1 47.4763  -122.4815 0.45 10 Vashon Island Salish Sea

1 474537  -122.4442  0.06 3 Vashon Island Salish Sea

1 47.6653  -122.5679  0.03 10 Bainbridge Island  Salish Sea

1 48.7522  -122.4528 3.34 20 Whatcom Cr. Salish Sea

1 48.0015  -122.2215 0.37 10 Snohomish R. Salish Sea

1 48.1445  -122.0254  39.7 60 Stillaguamish R. Salish Sea

1 47.5195  -122.0386  7.05 58 Issaquah Cr. L. Sammamish

1 47.6955  -122.0561  11.55 158 Mackey Cr. L. Sammamish

1 47.7580  -122.1063 15.72 91 Bear Cr. L. Sammamish
1 47.5259  -121.9405 12.48 179 Issaquah Cr. L. Sammamish

1 47.6955  -122.0561 8.88 158 Bear Cr. L. Sammamish

* Indicates distance to receiving aquatic habitat in river kilometers (rkm) based on estimated historic salt-
water intrusion upstream for Puget Lowland river (27 rkm, Collins & Sheikh 2005), current estimates (15.9
rkm, Hall et al. 2018). 'Upper estuary of the Columbia River. 2Above the upper estuary of the Columbia
River. In general, L. = lake, R. = River, Cr. = Creek.

mountains to the Columbia River (Table 1). Larval
habitat was primarily forested, located on private
forestry lands and other private lands. Tidal influ-
ence on the Naselle River reaches nearly to the
town of Naselle, 14.5 rkm upstream from Willapa
Bay where the river exhibits a drastic decrease in
size (Fig. 3). Stream sites in the Naselle River wa-
tershed were all low elevation (Table 1). We could
not find salinity intrusion studies for the Willapa

)

Bay rivers and so use the upstream estimates for
the Salish Sea. Streams sites located in the Naselle
River watershed were within the estimated historic
intrusion of saltwater and within or just above the
estimated current intrusion of saltwater in tributar-
ies of the Salish Sea (Table 1).

Figure 3. Examples of stream sites for this study: a) Naselle River ~15 rkm upstream of the tidal surge
plain; b) tidal surge plain for the Naselle River; ¢) an example of mossy banks typical of streams in Western
Washington, USA.
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Discussion

Our results highlight the need for publishing bio-
diversity data. The dearth of published studies that
include taxonomic information for Chironomidae
from Washington State does not indicate that Eret-
moptera have not been collected prior to this study,
but rather that Chironomidae are not identified or
reported at a fine taxonomic resolution (e.g. genus
or species). Studies on fish, amphibian, and shore-
bird diets typically refer to Chironomidae only
at the family level (e.g. Wilson 1994, Tyler et al.
1998, Champion et al. 2018). Some research focus-
ing on macroinvertebrates take many taxa to genus
or species but leave Chironomidae at subfamily or
tribe (e.g. Foster et al. 2020, Claeson et al. 2021).
Food web analyses may not include taxa identi-
fied to finer resolutions (Wootton 2012). Finally,
in some cases taxa were identified to the genus or
species level, but only aggregated taxa, metrics,
indices and/or functional traits are included in the
publication without inclusion of taxa in the text or
as supplemental material (Marshalonis & Larson
2018, Larson et al. 2019). In publications that do
list chironomid genera and lower-level taxonomic
resolution in Washington State (Gaines et al. 1992,
Danehy et al. 2021, Morley et al. 2020), Eretmop-
tera was absent.

One of the goals of this study was to character-
ize larval habitat to examine whether Eretmoptera
is truly a maritime midge, but our results warrant
further investigation. All study sites were con-
nected to marine ecosystems presently or in the
past. For example, Lake Sammamish is part of the
Lake Washington watershed and Lake Washing-
ton had anthropomorphic saltwater intrusions in
the 1940s and 1950s (Edmondson 1994), though
it seems unlikely that saltwater would have in-
truded as far upstream as the study sites in the
Lake Sammamish watershed (Table 1). Other
study streams may represent the upper intrusion
of saltwater into freshwater tributaries of marine
ecosystems, but the extent of saltwater intrusions
used in our research were based on only one riv-
er tributary of the Salish Sea (Collins & Sheikh
2005, Hall et al. 2018). It is no coincidence that
many study sites were located above the tidal zone
since lower reaches or tidal streams were exclud-
ed from some of the studies for which chirono-
mids were identified (e.g. Larson et al. 2019). It
is possible that more Eretmoptera will be found
along the tidal reaches of the study streams, if
sampled, particularly since the genus was identi-
fied for projects that sampled small tidal streams
(e.g. Bainbridge and Vashon Islands, Table 1).
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Salinity concentrations vary greatly in bays and
estuaries, so predicting the percent salinity mov-
ing upriver proves challenging. Willapa Bay salin-
ity patterns vary based on a suite of physical pro-
cesses such as wind and wave intensity, currents,
and river discharge (Banas et al. 2004, Banas and
Hickey 2005). The Columbia River estuaries have
even greater variation in salinity than Willapa Bay
and the Salish Sea given the profound discharge
volume of the lower Columbia River (Hudson
2014). Thus, even if saltwater characterizes some
of the sites in this study, salinity varies seasonally
based on flows and tides and salinity intrusion
has changed significantly over time due to altera-
tions such as diversions, diking, shipping canals,
and impoundments (Edmondson 1994, Collins &
Sheikh 2005, Hall et al. 2018).

These habitats are far different from the expected
larval habitats of Eretmoptera based on previous
studies of adults associated with California tidal
pools (Kellogg 1900, Wirth 1949). Larvae of E.
murphyi are terrestrial to semi-aquatic in the sub-
Antarctic and Arctic regions (Cranston 1985, Con-
vey 1992, Bartlett et al. 2019). Larvae of E. mur-
phyi inhabit wet mosses and lichens, peat, soil, and
leaf litter; egg-masses seem to be resistant to desic-
cation (Convey 1992, Bartlett et al. 2019, Bartlett
et al. 2020). Possibly, larvae of Eretmoptera from
Western Washington State inhabit wet moss and
peat soils, common habitats along shady and for-
ested streams (Fig. 3). Terrestrial and semi-aquatic
larvae are often found in Washington stream sam-
ples, especially low order streams. Rather than in-
dicating nearshore or tidal pool larval habitats the
results of this study provide ecological evidence
supporting phylogenetic analyses placing Eretm-
optera and some other maritime midge genera in a
group of Orthocladiinae “varia” sensu Tang et al.
2023. Several “maritime” genera group with semi-
aquatic/terrestrial orthoclads instead of the marine
Clunio Haliday and relatives (Cranston ez al. 2011,
Tang et al. 2023). If the Eretmoptera documented
in this study are E. browni, then adults found as-
sociated with tidal pools in California may emerge
from nearby terrestrial or semiterrestrial substrates
such as mosses or lichen like E. murphyi, which
may explain the lack of success locating larvae in
tidal pool habitats.

Since Eretmoptera is monotypic for North Amer-
ica, it is tempting to determine the specimens in
this study as E. browni. However, when it often
becomes “known” that a particular genus is mono-
typic in a region, taxonomists may neglect to assess
the species diversity of that group and overlook
contradicting information, such as novel habitats



or range extensions of preexisting taxa (i.e. Paro-
chlus kiefferi, Hayford 2012) or subtle morpho-
logical characters. Assumptions of monotypy can
change once taxonomists are able to analyze speci-
mens in greater detail and from a range of sites
(i.e. Doncricotopus, Namayandeh and Beresford
2021), but using presumed monotypy to ascribe a
species epithet is particularly common when the
specimens being identified lack the characters
needed to assess their species level placement. In
Chironomidae, most species descriptions are based
on adult males, and for many species the imma-
ture stages are undescribed. Furthermore, research
based on molecular analysis has shown that cryptic
species may be found in one and sometimes mul-
tiple life stages of Chironomidae (i.e. Anderson et
al. 2013). Lack of associated material for E. brow-
ni has hampered understanding of the taxonomy
and systematic placement of the species and genus
(Tang et al. 2023). As the immatures have yet to
be described for £. browni and our material does
not have associated adults, we believe it would be
inappropriate to assign the Washington specimens
to the described species as it is possible the Cali-
fornia adults and our Washington larvae are not
conspecific. Furthermore, given that the larval de-
scription for Eretmoptera in widely used Holarctic
identification keys (i.e. Andersen et al. 2013) is
based on specimens from the far southern reaches
of the Southern Hemisphere, a more conclusive
identification of specimens as Eretmoptera will
require DNA analysis and further taxonomic work.

Several taxa in Chironomidae inhabit marine envi-
ronments (Hashimoto 1976, Tang et al. 2022) and
chironomids have been documented from marine
and estuarine habitats in Washington State (e.g.
Wootton et al 1996). Focusing on these habitats
and ecoregions while working to improve our
taxonomic understanding of Chironomidae will
yield a wealth of biodiversity data for the Pacific
Northwest region of North America. Furthermore,
sampling that targets specific taxa vastly increases
known biodiversity for a region (e.g. Borkent et
al., 2018). Although limited, the distribution data
in this study (Table 1) is shared to aid in future tar-
geted surveys for adults and pupae of Eretmoptera
with the goal of finding all three life stages so that
the genus’ taxonomic placement may be solved.
With additional sampling, we hope to further ex-
plore whether Washington Eretmoptera are marine
or terrestrial.

Acknowledgements

We thank the following organizations for permis-
sion to use taxonomic data for this study: the Cities

of Bellevue, Bellingham, Bainbridge Island, Both-
ell, Federal Way, Issaquah, Kirkland, Redmond;
King County; Pierce County; Seattle Public Utili-
ties; Snohomish County Public Utilities Division;
Vashon Nature Center, LLC; and the Washington
State Department of Energy. We are grateful for
the excellent sampling and hard work under dif-
ficult field conditions of researchers and techni-
cians who collect freshwater samples in Washing-
ton State. Peter Cranston is thanked for his time
and expertise examining photomicrographs of our
specimens to support our identification. We thank
Sean Sullivan and Jeff Webb and two anonymous
reviewers for their helpful guidance and com-
ments on various drafts of this manuscript. Thanks
to Leonard Ferrington, Jr. for inspiring the senior
author’s research of maritime midges.

Disclosure Statement

No potential conflict of interest was reported by
the authors.

Author Contributions

BH, paper conceptualization, literature review and
analysis, natural history and ecology comments;
AF, taxonomic comments; RS, data retrieval, map-
ping; all authors contributed to writing the manu-
script.

References

Andersen, T., Sather, O.A., Cranston, P.S. and
Epler, J.E. 2013. The larvae of Orthocladi-
inae (Diptera: Chironomidae) of the Holarctic
Region—Keys and diagnoses. In Andersen,
T., Cranston, P.S. and Epler, J.E. (Sci. eds.):
The larvae of Chironomidae (Diptera) of the
Holarctic Region—Keys and diagnoses. - In-
sect Systematics and Evolution Supplement,
66:189-385.

Anderson, A.M., Stur, E., and Ekrem, T., 2013.
Molecular and morphological methods re-
veal cryptic diversity and three new species
of Nearctic Micropsectra (Diptera: Chirono-
midae). - Freshwater Science 32(3): 892-921.
DOI: https://doi.org/10.1899/12-026.1

Ashe, P. and O’Connor, J.P. 2012. A world cata-
logue of Chironomidae (Diptera). Part 2.
Orthocladiinae (Section A and B). Irish Bio-
geographical Society and National Museum of

Ireland, Dublin, 968 pp.

Ball-Damerow, J.E., Brenskelle, L., Barve, N.,
Soltis, P.S., Sierwald, P., Bieler, R., LaFrance,
R., Arifno, A.H. and Guralnick, R.P. 2019. Re-
search applications of primary biodiversity




databases in the digital age. - PloS One 14(9):
p.c0215794. DOI: https://doi.org/10.1371/
journal.pone.0215794

Banas, N.S., Hickey, B.M., MacCready, P. and
Newton, J.A. 2004. Dynamics of Willapa
Bay, Washington: A highly unsteady, partially
mixed estuary. - Journal of Physical Ocean-
ography 34(11): 2413-2427. DOI: https://doi.
org/10.1175/JPO2637.1

Banas, N.S., and Hickey, B.M. 2005. Map-
ping exchange and residence time in a model
of Willapa Bay, Washington, a branching,
macrotidal estuary. - Journal of Geophysi-
cal. Research 110: C11011. DOI: https://doi.
org/10.1029/2005JC002950

Bartlett, J.C., Convey, P. and Hayward, S.A.
2019. Life cycle and phenology of an Ant-
arctic invader: the flightless chironomid
midge, Eretmoptera murphyi. - Polar biology
42(1):115-130. DOI: https://doi.org/10.1007/
s00300-018-2403-5

Bartlett, J.C., Convey, P., Pertierra, L.R. and Hay-
ward, S.A. 2020. An insect invasion of Antarc-
tica: the past, present and future distribution
of Eretmoptera murphyi (Diptera, Chirono-
midae) on Signy Island. - Insect Conservation
and Diversity 13(1): 77-90. DOI: https://doi.
org/10.1111/icad.12389

Borkent, A., Brown, B.V., Adler, P.A., Amorim,
D.S., Barber, K., Bickel, D., Boucher, S.,
Brooks, S.E., Burger, J., Burington, Z.L.,
Capellari, R., Costa, D.N.R., Cumming,
J.M., Curler, G., Dick, C., Epler, J.H., Fish-
er, E., Gaimari, S.D., Gelhaus, J., Grimaldi,
D.A., Hash, J., Hippa, H., Ibafiez-Bernal, S.,
Jaschhof, M., Kameneva, E.P., Kerr, P., Kor-
neyev, V., Korytkowski, C., Kung, G.-A., Kv-
ifte, G.M., Lonsdale, O., Marshall, S.A., Ma-
this, W.N., Michelsen, V., Naglis, S., Norrbom,
A.L., Paiero, S., Pape, T., Pereira- Champion,
JM., Rosenfeld, J.S. and Shadwick, R. 2018.
Effects of water velocity and substrate compo-
sition on foraging efficiency of an endangered
benthic cyprinid, Nooksack dace (Rhinichthys
cataractae subsp. cataractae). - Hydrobiologia
805(1):231-243. DOI: https://doi.org/10.1007/
s10750-017-3304-2

Claeson, S.M., LeRoy, C.J., Finn, D.S., Stancheva,
R.H. and Wolfe, E.R. 2021. Variation in ripar-
ian and stream assemblages across the primary
succession landscape of Mount St. Helens,
USA. - Freshwater Biology 66(5): 1002-1017.
DOI: https://doi.org/10.1111/fwb.13694

70

Colavite, A., Pollet, M., Rochefort, S., Rung, A.,
Runyon, J., Savage, J., Silva, V., Sinclair, B.J.,
Skevington, J.H., Stireman, J.O., III, Swann,
J., Thompson, F.C., Vilkamaa, P., Wheeler, T.,
Whitworth, T., Wong, M., Wood, D.M., Wood-
ley, N.E., Yau, T., Zavortink, T.J. and Zumba-
do, M. 2018. Remarkable fly (Diptera) diver-
sity in a patch of Costa Rican cloud forest: why
inventory is a vital science. - Zootaxa 4402
(1), 53-90. DOI: https://doi.org/10.11646/
zootaxa.4402.1.3

Collins, B. D., and A. J. Sheikh. 2005. Histori-
cal reconstruction, classification, and change
analysis of Puget Sound tidal marshes. Tech-
nical Report prepared for the Washington De-
partment of Natural Resources, Olympia, WA.

Convey, P. 1992. Aspects of the biology of the
midge, Eretmoptera murphyi Schaeffer (Dip-
tera: Chironomidae), introduced to Signy
Island, maritime Antarctic. - Polar Biology
12(6): 653—657. DOL: https://doi.org/10.1007/
BF00236988

Costello, M.J., Michener, W.K., Gahegan, M.,
Zhang, Z.Q. and Bourne, P.E. 2013. Bio-
diversity data should be published, cited,
and peer reviewed. - Trends in Ecology and
Evolution 28(8): 454-461. DOI: https://doi.
org/10.1016/j.tree.2013.05.002

Costello, M.J., Horton, T. and Kroh, A. 2018. Sus-
tainable biodiversity databasing: international,
collaborative, dynamic, centralised. - Trends in
ecology and evolution 33(11): 803—805. DOI:
https://doi.org/10.1016/j.tree.2018.08.006

Cranston, P.S. 1985. Eretmoptera murphy Schaef-
fer (Diptera: Chironomidae), an apparently
parthenogenetic Antarctic midge. - British Ant-
arctic Survey Bulletin 66: 35-45. URI: http://
nora.nerc.ac.uk/id/eprint/523314

Cranston, P.S., Hardy N.B. and Morse, G.E. 2011.
A dated molecular phylogeny for the Chirono-
midae (Diptera). - Systematic Entomology 37:
172-188. DOL: https://doi.org/10.1111/].1365-
3113.2011.00603.x

CBI Data Basin. 2025. Conservation Biology In-
stitute Data Basin. Washington River Miles.
From Washington State River Miles (USGS-
WDFW) (2014), uploaded by O’Conner, K.
2017. https://databasin.org/maps/new/#datase
ts=f5e71t87fd6942d09d08e7ctb7292f2¢  (last
accessed 15 January 2025).

Danehy, R.J., Bilby, R.E., Justice, T.E., Lester,
G.T., Jones, J.E., Haddadi, S.S. and Merritt,




G.D. 2021. Aquatic biological diversity re-
sponses to flood disturbance and forest man-
agement in small, forested watersheds. - Wa-
ter 13(19): 2793. DOL: https://doi.org/10.3390/
w13192793

Edmondson, W.T.1994. Sixty Years of Lake Wash-
ington: a Curriculum Vitae. - Lake and Reser-
voir Management 10(2): 75-84. DOI: https://
doi.org/10.1080/07438149409354178

EIM — environmental monitoring data. 2021.
https://ecology.wa.gov/Research-Data/Data-
resources/Environmental-Information-Man-
agement-database (Last accessed January 12,
2025).

Fabricius, K.E., De’ath, G., Noonan, S. and
Uthicke, S. 2014. Ecological effects of ocean
acidification and habitat complexity on reef-
associated macroinvertebrate communities. -
Proceedings of the Royal Society B: Biological
Sciences 281(1775): 20132479. DOI: https://

doi.org/10.1098/rspb.2013.2479

Foster, A.D., Claeson, S.M., Bisson, P.A. and
Heimburg, J. 2020. Aquatic and riparian eco-
system recovery from debris flows in two west-
ern Washington streams, USA. - Ecology and
evolution 10(6): 2749-2777. DOI: https://doi.
org/10.1002/ece3.5919

Hall, J.E., Khangaonkar, T.P., Rice, C.A., Cham-
berlin, J., Zackey, T., Leonetti, F., Rustay, M.,
Fresh, K., Kagley, A. and Rowse, M. 2018.
Characterization of salinity and tempera-
ture patterns in a large river delta to support
tidal wetland habitat restoration. - North-
west Science 92(1): 36-52. DOI: https://doi.
0rg/10.3955/046.092.0105

Harzing, A.W. 2007. Publish or Perish, available

from https://harzing.com/resources/publish-or-
perish (last accessed 18 January 2025).

Hashimoto, H. 1976. Non-biting midges of marine
habitats (Diptera: Chironomidae). In Cheng, L.
(Ed.) Marine insects. American Elsevier Pub-
lishing Company, New York, pp. 377—414.

Hayford, B., 2012. Parochlus kiefferi (Garrett,
1925) in Nebraska (Diptera: Chironomidae). -
Great Plains Research 22(1):27-33. DOI: htt-
ps://www.jstor.org/stable/23779866

Hudson, A.S. 2014. Application of Remote Sensing
to the Study of Estuarine Physics: Suspended
Sediment Dynamics in the Columbia River Es-
tuary, M.S. thesis, 93 pp., Portland State Uni-
versity, Portland

71

Gaines, W.L., Cushing, C.E., and Smith, S.D.
1992. Secondary production estimates of ben-
thic insects in three cold desert streams. - The
Great Basin Naturalist 52(1): 11-24. DOI: htt-
ps://scholarsarchive.byu.edu/gbn/vol52/iss1/2

Kellogg, V.L. 1900. An extraordinary new mari-
time fly. - The Biological Bulletin 1(2): 81-87.
DOI: https://doi.org/10.2307/1535751

Larson, C.A., Merritt, G., Janisch, J., Lemmon,
J., Rosewood-Thurman, M., Engeness, B.,
Polkowske, S., and Onwumere, G. 2019. The
first statewide stream macroinvertebrate bio-
assessment in Washington State with a rela-
tive risk and attributable risk analysis for mul-
tiple stressors. - Ecological Indicators 102:
175-185. DOI: https://doi.org/10.1016/].ec-
0lind.2019.02.032

Marshalonis, D. and Larson, C. 2018. Flow puls-
es and fine sediments degrade stream mac-
roinvertebrate communities in King County,
Washington, USA. - Ecological indicators 93:
365-378. DOI: https://doi.org/10.1016/j.ec-
0lind.2018.04.060

Morley, S.A., Duda, J.J., Coe, H.J., Kloehn, K.K.
and McHenry, M.L. 2008. Benthic inverte-
brates and periphyton in the Elwha River ba-
sin: current conditions and predicted response
to dam removal. - Northwest Science 82: 179—
196. DOI: https://doi.org/10.3955/0029-344X-
82.8.1.179

NOAA. 2025. Coastal Management, Washing-
ton Fact Source: Shoreline Management of
the United States (https:/coast.noaa.gov/data/
docs/states/shorelines.pdf). https://coast.noaa.
gov/states/washington.html (last accessed 11
January 2025).

Oliver, D.R., Dillon, M.E. and Cranston, P.S.
1990. 4 Catalog of Nearctic Chironomidae.
Research Branch Agriculture Canada, Publica-
tion 1857/B.

Oliver, D.R. and Dillon, M.E. 1994. Corrections
and additions to “A Catalog of Nearctic Chi-
ronomidae”. - Proceedings of the entomologi-
cal Society of Washington 96(1): 8-10. URI:

https://biostor.org/reference/56669

Reid, A.J., Carlson, AK., Creed, LF., Eliason,
E.J., Gell, PA., Johnson, P.T., Kidd, K.A.,
MacCormack, T.J., Olden, J.D., Ormerod, S.J.
and Smol, J.P. 2019. Emerging threats and per-
sistent conservation challenges for freshwater
biodiversity. - Biological Reviews 94(3): 849—
873. DOI: https://doi.org/10.1111/brv.12480




Schaeffer, C. 1914. Collembola. Siphonaptera,
Diptera and Coleoptera of the South Georgia
Expedition. - The Museum of the Brooklyn In-
stitute of Arts and Sciences 2: 90-94.

Schloss, C.A., Lawler, J.J., Larson, E.R., Papen-
dick, H.L., Case, M.J., Evans, D.M., DeLap,
J.H., Langdon, J.G., Hall, S.A. and McRae,
B.H. 2011. Systematic conservation planning
in the face of climate change: bet-hedging
on the Columbia Plateau. - PloS one 6(12):

¢28788. DOI: https://doi.org/10.1371/journal.
pone.0028788

Shorthouse, D.P. 2010. SimpleMappr, an online
tool to produce publication-quality point maps.
Auvailable in: http://www.simplemappr.net

Strayer, D.L. and Dudgeon, D. 2010. Freshwater
biodiversity conservation: recent progress and
future challenges. - Journal of the North Amer-
ican Benthological Society 29: 344-358. DOL:
https://doi.org/10.1899/08-171.1

Tang, H., Cheng, Q., Krosch, M.N. and Cranston,
P.S. 2023. Maritime midge radiations in the Pa-
cific Ocean (Diptera: Chironomidae). - System-
atic Entomology 48(1): 111-126. DOI: https://
doi.org/10.1111/syen.12565

Tyler, T., Liss, W.J., Ganio, L.M., Larson, G.L.,
Hoffman, R., Deimling, E. and Lomnicky, G.
1998. Interaction between introduced trout
and larval salamanders (Ambystoma macro-
dactylum) in high-elevation lakes. - Conserva-
tion biology 12(1): 94-105. DOI: https://doi.
org/10.1111/7.1523-1739.1998.96274.x

USEPA. 2013. Level III and IV ecoregions of the
continental United States: Corvallis, Oregon,
U.S. EPA, National Health and Environmen-
tal Effects Research Laboratory, map scale
1:3,000,000, https://www.epa.gov/eco-re-
search/level-iii-and-iv-ecoregions-continental-
united-states (Last accessed 1.15.2025).

Wilson Jr, W.H. 1994. The effects of episodic
predation by migratory shorebirds in Grays
Harbor, Washington. - Journal of experimen-
tal marine biology and ecology. - 177(1):
15-25. DOI: https://doi.org/10.1016/0022-
0981(94)90141-4

Wirth, W.W. 1949. A revision of the clunionine
midges with descriptions of a new genus and
four new species (Diptera: Tendipedidae). -

University of California Publications in Ento-
mology 8: 151-182.

Wootton, J.T., Power, M.E., Paine, R.T. and Pfis-
ter, C.A. 1996. Effects of productivity, con-
sumers, competitors, and El Nino events on
food chain patterns in a rocky intertidal com-
munity. - Proceedings of the National Academy
of Sciences 93(24): 13855-3858. DOI: https://
doi.org/10.1073/pnas.93.24.13855

Worm, B., Barbier, E.B., Beaumont, N., Duffy,
J.E., Folke, C., Halpern, B.S., Jackson, J.B.,
Lotze, H.K., Micheli, F., Palumbi, S.R. and
Sala, E. 2006. Impacts of biodiversity loss on
ocean ecosystem services. - Science 314(5800):
787-790. DOI: https://doi.org/10.1126/sci-
ence.1132294

Article submitted 30. January 2025, accepted by Corrie Nyquist 11. July 2025, published 15. November 2025.

72



