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ABSTRACT
The water scavenger beetle Hydrochara rickseckeri (Horn) is a large but rarely collected aquatic beetle known from
central California. Infrequent collection and a narrow geographic distribution have led the species to be considered of
conservation concern by both federal and state agencies. We recently encountered this species in a vernal pond near
Sacramento in May 2016, the first time it is known to have been collected in more than 40 years. This record also expands
the known range of the taxon firmly into the Central Valley. We sequenced three genes from one of the newly collected
specimens to place it in an existing molecular phylogeny of the genus Hydrochara Berthold. In contradiction to prior
hypotheses, we find that H. rickseckeri is not evolutionarily isolated, but closely related to other North American members
of the genus. We present an updated list of known specimens as well as distributional and biological information on this
species. We conclude that while known information at this time would be congruent with a conservation categorization of
“imperiled” (G2/S2) or “critically imperiled” (G1/S1), more targeted collecting effort is necessary to substantiate its status.
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among a list of invertebrate species that were being
considered for addition to the US List of Endangered and Threatened Wildlife, which would trigger
protections under the Endangered Species Act
(Anonymous 1984). The agency listed the species in
“Category 2”, which means “information now in
possession of the [USFWS] indicates that proposing
to list the species as endangered or threatened is
possibly appropriate, but for which conclusive data
on biological vulnerability and threat(s) are not
currently available to support proposed rules at this
time”. The species appears in updated federal lists of
potential taxa in 1989, 1991, and 1994, always as a
Category 2 taxon, and in the latter two years with the
added notation that the current status of the species
was unknown (“U”) (Anonymous 1989, 1991, 1994).
While not formally listed as endangered or threatened, the awareness of H. rickseckeri’s potentially
sensitive status has led to its inclusion in some

Ricksecker’s water scavenger beetle, Hydrochara rickseckeri (Horn), is a rare aquatic beetle
hitherto thought to be endemic to the San Francisco
Bay area of California (Fig. 1). Despite being of
relatively large size (ca. 10.5–11.5 mm), it has only
been collected a handful of times since it was first
described from a single male specimen in 1895. In
his revision of the genus Hydrochara Berthold,
Smetana (1980) was able to locate only 15 specimens from six localities dating from the original
collection of the type. Smetana (1980) also suggested that the species was a rather divergent lineage
and not closely related to other North American
species of the genus, although this was not tested
in a cladistic analysis.
Due to its rarity, Ricksecker’s water scavenger
beetle has been included in state and national
conservation planning. In 1984, the US Fish and
Wildlife Service (USFWS) included H. rickseckeri
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Fig. 1. Dorsal, ventral, and lateral habitus of Hydrochara rickseckeri.

regional conservation plans (e.g., Anonymous
2008, 2013). Within the State of California, it is
on the “Special Animals List”, which refers to
all species tracked by the California Department
of Fish and Wildlife. On the most recently

published “Special Animals List” (Anonymous
2017), it is categorized as “G2? S2?”, implying
the species is “imperiled” at both the global and
state levels. In general, G2 species are known
from 20 or fewer populations, while S2 species
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refer to 20 or fewer populations within a state’s
political boundaries.
Recently, one of us (DP) collected 13 specimens
of this species in a vernal pond near Sacramento,
nearly doubling the number of known museum
specimens as well as significantly extending the
range of the species into the Central Valley of California.
We used this event as an impetus to (1) synthesize
the known biological and distributional information
of this species and (2) test the hypothesis that it is a
phylogenetically isolated lineage.

MATERIAL

AND
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sequences were deposited in GenBank (accession #s
KY614067–KY614072).
We inferred phylogenetic relationships using IQTREE 1.4.4 (Nguyen et al. 2015). The molecular
dataset was partitioned a priori by codon positions
for protein coding gene fragments and by gene for
ribosomal gene fragments, resulting in a total of
eight partitions. The optimal models of substitution
for each partition were selected using the Auto
function in IQ-TREE 1.4.4 (Table 2). To assess
nodal support, we performed 2,000 ultrafast bootstrap replicates (Minh et al. 2013).

METHODS

Distribution. Smetana (1980) queried 26 public
and 10 private collections for his revision of
Hydrochara, which resulted in just 15 specimens
of H. rickseckeri. In addition to republishing these
data here, we queried the following collections for
additional or updated records: California Academy
of Sciences (CASC); California Department of
Forestry and Agriculture (CDFA); Essig Museum
of Entomology (EMEC; University of California,
Berkeley); Santa Barbara Museum of Natural History
(SBMNH); Bohart Museum of Entomology (UCDC;
University of California, Davis); and the Entomological Research Collection at the University of
California, Riverside (UCRC).
Phylogenetic Inference. We compiled a reduced
molecular dataset based on the published matrix of
Toussaint et al. (2017). The dataset comprised
multiple specimens of the different genera found in
the tribe Hydrophilini, as well as representatives of
the sister tribe Hydrobiusini, and Berosus asymmetricus Oliva and Short as an outgroup (Table 1).
New molecular data were generated for two species
of Hydrochara that were not previously sampled in
Toussaint et al. (2017). Specimens of H. rickseckeri
and Hydrochara spangleri Smetana were respectively
collected in Sacramento, California, and in Lawrence, Kansas. Total genomic DNA was extracted
from beetle legs using the DNeasy kit (Qiagen,
Hilden, Germany). All vouchers are deposited at the
University of Kansas (Lawrence, USA). We used
the PCR protocols of Short and Fikáček (2013) to
amplify and sequence fragments of ribosomal 18S
(1,759 bp), ribosomal 28S (997 bp), cytochrome
oxidase subunit 1 (CO1, 750 bp), and arginine kinase (ARK, 696 bp). The DNA sequences were
assembled and the contigs edited in Geneious R
8.0.5 (Biomatters, www.geneious.com). We produced
gene fragment alignments using MUSCLE (Edgar
2004) for the protein-coding gene fragments and
MAFFT (Katoh and Standley 2013) for the ribosomal gene fragments with manual adjusting in
hypervariable regions. The reading frames of
protein-coding gene fragments were then checked in
Mesquite 3.10 (build 765) (mesquiteproject.org). New

RESULTS
Distribution. The California Academy of Sciences had no new holdings of this species, while the
SBMNH, UCRC, and UCDC held no specimens
at all. The EMEC had two previously unpublished
specimens, while the CDFA had one. In total, we
determined that Ricksecker’s water scavenger
beetle has been recorded on 12 occasions from
eight localities since its first collection prior to
1895.
We attempted to plot all historical collecting
records using Google Earth (Fig. 2). Some localities
are very vague. The type locality is given by Horn
(1895) as “Harris’ Pond, near Santa Rosa, Cal.”,
with the collector as “Ricksecker”, a reference to the
naturalist and entomologist L. E. Ricksecker, who,
at the time, was a land surveyor in Santa Rosa,
California (Fall 1913). We examined the official
map of Sonoma County, produced by Sonoma
County Assessor’s Office on 1 June 1900 (by L. E.
Ricksecker) to match the historical record with
present day Sonoma County. We located two closely
situated parcels belonging to individuals with the
surname “Harris”: a small, ca. 20.2-ha parcel of
“Wm. Harris”, and several larger, contiguous parcels belonging to “Jane L. Harris” that when
combined cover approximately 607.3 ha. Both tracts
are situated just slightly to the north of Santa Rosa as
defined in 1900. We converted the historical map into
an overlay in Google Earth to identify these parcels in
the contemporary landscape. The smaller Wm. Harris
parcel (centered approximately at 38°29’43.48”N,
122°44’30.36”W) is entirely urbanized with no
apparent surface waters. The much larger, sprawling Jane Harris parcel (centered approximately at
38°29’6.66”N, 122°43’0.09”W) includes Fountaingrove Lake, a large stream-fed impoundment,
although this was not constructed until 1953 and so
cannot be the original type habitat. Much of the
surrounding landscape is urbanized, and it seems
likely the original “pond” is no longer extant, though
there do appear to be some natural vernal pools in the
region as well as other artificial impoundments of
unknown age.
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Table 1. Taxon sampling of Hydrophilidae for phylogenetic inference.
Tribe

Genus

Species

Code

CO1

ARK

18S

28S

Berosini
Hydrobiusini
Hydrobiusini
Hydrobiusini
Hydrobiusini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini
Hydrophilini

Berosus
Hydrobius
Hydrobius
Hybogralius
Limnoxenus
Brownephilus
Hydrobiomorpha
Hydrobiomorpha
Hydrobiomorpha
Hydrochara
Hydrochara
Hydrochara
Hydrochara
Hydrochara
Hydrochara
Hydrochara
Hydrochara
Hydrochara
Hydrochara
Hydrochara
Hydrochara
Hydrophilus
Hydrophilus
Hydrophilus
Hydrophilus
Hydrophilus
Sternolophus
Sternolophus
Sternolophus
Sternolophus
Tropisternus
Tropisternus
Tropisternus
Tropisternus
Tropisternus

asymmetricus
fuscipes
melaenus
hartmeyeri
zealandicus
major
casta
praesumptapolita
spinicollis
caraboides
dichroma
dichroma
elliptica
flavipalpis
flavipes
libera
lineata
obtusata
rickseckeri
spangleri
soror
albipes
cavicrus
piceus
smaragdinus
triangularis
decens
marginicollis
sp.
sp.
affinis
blatchleyi
chalybeus
sharpi
surinamensis

SLE0088
AES0002
AES0024
AES0007
AES0025
SLE0635
SLE0597
SLE0577
SLE0620
SLE0582
SLE0556
SLE0608
SLE0585
SLE0555
SLE0605
SLE0953
SLE0595
AES0029
SLE1060
SLE1068
SLE0661
SLE0636
SLE0586
SLE0583
SLE0552
SLE0623
SLE0602
SLE0017
SLE0558
SLE0622
AES0032
SLE0613
SLE0540
SLE0541
SLE0561

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
-

Another locality from which the species was
collected several times is given as “B.S.A. Camp,
Oakland”. This almost certainly refers to Boy
Scouts of America Camp Diamond, which was
in operation between 1919 until it closed in 1948.
The former site of Camp Diamond is completely
developed, and an elementary school now sits on
the site (centered approximately at 37°49’12.54”N,
122°12’8.47”W).
Phylogenetic Inference. We recovered the tribes
Hydrobiusini and Hydrophilini as monophyletic
with strong support (Fig. 3). All genera within
Hydrophilini were recovered as reciprocally
monophyletic with strong support as well, except
Hydrochara in which the genus Brownephilus
Mouchamps is found deeply nested with strong
support. We inferred a sister relationship between
Hydrobiomorpha1Hydrophilus and Hydrochara1
Sternolophus1Tropisternus. Hydrochara is found as
sister to Sternolophus1Tropisternus. Within Hydrochara, we recovered Hydrochara elliptica (Fabricius)

and Hydrochara flavipalpis (Boheman) as sister to
the rest of the genus with strong support. Brownephilus
is found nested within a clade comprising Hydrochara
lineata (LeConte) and Hydrochara flavipes (Steven)
with strong support. All remaining species of
Hydrochara are found in a more derived clade
in which nodal support values were moderate
to low.
Table 2. Models of substitution selected in IQ-TREE
for different molecular partitions.
Partition

Model

CO1 1st
CO1 2nd
CO1 3rd
ARK 1st
ARK 2nd
ARK 3rd
18S
28S

TN1G4
TPM3u1I
TIM21I1G4
TIM3e1I
K3P1I
TPM21G4
TNe1I
GTR1G4
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Fig. 2. Known distribution of Hydrochara rickseckeri. Two vague localities (“Oakland” and “Santa Rosa”) are
not independently mapped as there are other, more specific localities given for both these areas.

Hydrochara rickseckeri (Horn, 1895)
Hydrocharis rickseckeri Horn 1895: 233 [original
description].
Hydrocharis rickseckeri Horn: Fall 1901: 56.
Hydrophilus rickseckeri (Horn): Zaitzev 1908: 369.
Hydrochara rickseckeri (Horn): Leech 1956: 343.
Hydrochara rickseckeri (Horn): Smetana 1980 [revision, key, description, illustration of aedeagus,
prosternum].
Specimen Records (30). USA: CALIFORNIA:
Alameda Co.: B.S.A. Camp, Oakland, 29.vi.1944,

30.vii.1945, 27.vi.1946, 12.vi.1947, leg. R. Schuster
(9 exs., CASC, CNCC, DCMC, ESEC); “Oakland”,
26.iv.1942, leg. H. P. Chandler (1 ex., CASC). Marin
Co.: Bolinas, 27.i.1940 (1 CASC). Sacramento Co.:
White Rock Rd., W of Grant Line Rd., 2.v.2016, leg.
D. Post (13 exs., SEMC). San Mateo Co.: Woodside,
Pulgas Temple, 10.vi.1951, 25.ii.1954, leg. P. S.
Bartholomew (2 exs., CASC). Solano Co.: 13 mi. S Dixon,
27.v.1979, leg. C. Y. Kitayama (1 ex., EMEC). Sonoma
Co.: Harris’ Pond near Santa Rosa, 30.iii.1893, leg.
L. E. Ricksecker (Holotype, MCZ); 6.7 mi. NE Pengrove,
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Fig. 3. Molecular phylogeny of the tribe Hydrophilini with an emphasis on the genus Hydrochara as inferred
in IQ-TREE based on a multimarker dataset. Branches within each genus of Hydrophilini are color-coded with
a different color for each genus; those in black represent outgroups. Nodal support is given across the topology as
recovered in the ultrafast bootstrap (UFBS) analysis performed in IQ-TREE. Values of UFBS $95 are considered
as robust. A picture of Hydrochara caraboides (Linnaeus) is presented on the left of the phylogeny (Photograph by
Jan Hamrsky, lifeinfreshwater.net/).

Lichau Road, 14.vi.1969, leg. P. Rubtzoff (1 ex., CASC);
“Santa Rosa”, 27.xii.1971, leg. A. J. Gilbert (1 ex., CDFA).

DISCUSSION
Distribution and Biology. This species was
previously hitherto considered restricted to the San
Francisco Bay area. Our new collection from outside Sacramento extends the range of this species
into the Central Valley region. We also located one
additional historical record of this species in the
Central Valley, from Solano County, south of Dixon.

Scant information is published about the biology
of this species. No ecological information is present
on any of the specimen labels, nor given in the
original description. Smetana (1980) lists the habitat
for the species as unknown. However, there are
references to the species being a vernal pool specialist in “grey” literature: it is listed as a rare vernal
pool species by USFWS (Anonymous 2002). Our
recent collecting event in which individuals were
abundant was also in a vernal pool, substantiating
this hypothesis. All known collection records are
from 27 December to 30 July (most in April and
May), which would correspond to when vernal
pools are most likely to contain water. Recent
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observations suggest that this species may have
a relatively short life cycle near the end of the life
of a vernal pool. If true, then this species may
be more abundant than previously thought and more
targeted collecting might find this species in vernal
pools covering a wider geographic range.
Phylogenetic Placement. Unlike prior suggestions that the species was a rather isolated lineage,
we found H. rickseckeri to be closely related to other
North American species, including H. spangleri,
Hydrochara obtusata (Say), and Hydrochara soror
Smetana. This suggests that the relatively distinct
morphology (e.g., slightly smaller size, yellow legs)
are likely derived from within the North American
lineage, rather than representing a relict species as
supposed by Smetana (1980). Interestingly, the only
other Hydrochara species found in the western USA
(H. lineata) is phylogenetically isolated and more
closely related to several Old World species than
other Nearctic Hydrochara.
Conservation Status. Hydrochara rickseckeri has
only been documented from eight localities in more
than 120 years and only from a single locality in the
last 45 years. We conclude that suitable habitat in at
least two of the historical collecting localities has been
destroyed. Given vernal ponds are a vanishing habitat
in the region coupled with the apparent extreme rarity
and few known populations of H. rickseckeri, the
species may be imperiled. However, its actual conservation status is better determined through targeted
efforts to understand its biology and distribution.
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