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in semiarid rangelands, a variety of permanently wet habitats can be classified

within the broad category of springs. 'The aquatic arthropod communities in these

habitats are poorly studied compared to larger streams and rivers. A survey of springs in

the Bridge Creek drainage in Wheeler Co., OR revealed an aquatic insect community that

differed from that of Bridge Creek in taxonomic composition and trophic structure. Very

few species from aquatic insect orders (Ephemeroptera, Plecoptcra, Trichoptera) were

collected from springs, but Diptera were very diverse.

Argia vivida, a damselfly that occurred at all springs that were surveyed, was

parasitized by larvae of the water mite Arrenurus hamrumi. A. hamrumi is a new species

of water mite for which all life stages were associated and described. The biology of the

mite and its association with A. vivida were the focus of subsequent research in this

thesis.

Adults and dcutonymphs of A. hanzrumi are predators of ostracods, which are

abundant in the detritus-based benthic community of the springs. Larvae of A. hamrtuni

may be phoretic on damselfly larvae for several months prior to parasitizing the adult
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stage. Parasitic larvae may occur in high numbers on A. vivida, resulting in mortality of

both damselflies and mites. Mite larvae that survive the parasitic phase must return to the

water to complete the life cycle. Exposure to the zone of high relative humidity over the

springs, where damselflies often perch, initiates detachment of mite larvae from male and

female damselflies.

This research provides an example of how data from a faunal survey contribute to

several bodies of knowledge including the biodiversity and community structure of spring

habitats, the systematics of the water-mite genus Arrenurus, and life-history adaptations

of water mites and of spring-dwelling organisms.
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L11,b HISTORY AND LARVAL ECOLOGY OF ARRENURUS HAMRUMI
(HYDRACHNIDA: ARRENURIDAE)

INTRODUCTION

The distribution and use of water resources are among the most contentious

environmental issues currently being debated in the western states. Many of the land-use

decisions made regarding these issues affect the biodiversity of aquatic ecosystems.

However, because baseline data on the faunal composition of these ecosystems are

lacking, particularly if they are not inhabited by fishes of economic importance, we have

very little information for assessing the impact of these management decisions.

The work presented in this thesis began with a faunistic survey of small springs

and seeps in the headwater reaches of the Bridge Creek drainage in central Oregon.

These habitats are examples of aquatic ecosystems where the faunal composition is

poorly documented. This survey revealed well over 100 aquatic insect taxa inhabiting

these rather inconspicuous habitats; many of these taxa are not known from larger

perennial streams.

Also discovered in this survey was a previously undescribed species of water mite

in the genus Arrenurus (Hydrachnida: Arrenuridae). Many water mites in this group are

obligate parasites during the larval stage on species of Odonata. Interestingly, this new

species was found parasitizing Argia vivida Hagen (Odonata: Coenagrionidae) a common

damselfly in spring habitats, but a species that was not known to be parasitized by water

mites.
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Naming and describing this species was a critical first step in making the

occurrence of this mite known to the public and scientific community and in conducting

further research on its life history and ecology. The description of the new species,

Arrenurus hamrumi Anderson and Smith, is fairly unique among descriptions of water

mites in that male, female, deutonymph and larva are all described and information on

habitat and host associations is included. Many water mites are known only from the

adult male; little information on other life stages or the biology of the mite is available.

Too often new species, even those for which all life stages are known, remain

little more than a name on a list. To avoid this shortfall, a detailed study of its life history

was undertaken. The results of this study have relevance to two basic areas of study:

water mite biology and the biology of spring-dwelling organisms. While the general life-

cycle pattern of the Hydrachnida is well documented, much remains to be learned about

the details of their complicated life cycles. Determining any life-history adaptations

conducive to inhabiting springs and the role of this species in the benthic community may

provide insight to the dynamics of other spring ecosystems.

The adults of Argia vivida are abundant and conspicuous members of the insect

fauna emerging from the springs. Most adult damselflies at the study site were infested

with parasitic larvae of A. hamrumi, thus making it easy to examine the parasitic phase of

the water mite life cycle in greater detail. Through a combination of field surveys and

manipulative experiments, I evaluated potential cues that mite larvae could rely on to

detach from their damselfly hosts and return to the aquatic environment where the life

cycle is completed.
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CHAPTER 2

THE INSECT FAUNA OF SPRING HABITATS IN SEMIARID RANGELANDS
IN CENTRAL OREGON

Tracey M. Anderson and N.H. Anderson

Published in Special Publication No. 1 of the Journal of the Kansas Entomological
Society

April 1995, pp. 65-76
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ABSTRACT

In semiarid rangelands, a variety of permanently wet habitats can be classified

within the general category of springs. They may grade imperceptibly to either typical

streams or to wetlands; habitats differ in water transit time and nature of aquatic and

riparian vegetation. Emergence traps were used to collect aquatic insects from helocrene

habitats in the Bridge Creek watershed in central Oregon. Water chemistry analyses

showed high conductivity, pH, and cation concentration values at all sites. Nematocerous

Diptera typically comprised greater than 90% of the aquatic insects in emergence traps.

Other aquatic orders were uncommon and low in species richness and abundance.

Plecoptera were common at only one site, while the damselfly, Argia vivida occurred at

all sample sites. Terrestrial insects associated with emergent vegetation also were present

in the samples. Many of the insect taxa that were collected do not occur in larger streams

and thus insects of springs provide a significant contribution to the diversity of aquatic

fauna in semiarid landscapes.

INTRODUCTION

In semiarid landscapes, such as those dominating the Great Basin and much of the

Columbia River Basin, water is a critical resource for the biota as well as for human

endeavors. Land-use issues relating to utilization of aquatic resources have been

exacerbated by drought conditions in the West for at least the past six years. Overgrazing

by domestic livestock, particularly when they have access to the stream and riparian

areas, has detrimental effects on habitat quality as well as on associated biota (Kauffman

and Krueger 1984, Skov lin 1984). Irrigation poses another threat to aquatic resources,
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particularly in time of drought. These issues may be quite volatile when fishery resources

are jeopardized. Clearly, decisions regarding use of aquatic resources will influence

biodiversity in semiarid lands. However, such decisions are often based on information

that is limited in scope due to the tendency of research and public interest to focus on a

limited, albiet visible, portion of the ecosystem. Such is the case in semiarid landscapes

where the large lotic habitats, especially those supporting salmonid fish, have received

the most attention from aquatic scientists and environmentalists. In the headwaters of

perennial streams there is a variety of aquatic habitats that can be classified under the

broad category of springs. Little is known about the faunal composition or ecological

role of these habitats (though see Cushing and Gaines 1989).

In this paper we report on the habitat characteristics and aquatic insect

composition of a range of springs that occur in the Bridge Creek drainage in central

Oregon. We also discuss the contribution of springs to the biodiversity in these

landscapes and the role of isolated aquatic habitats in semiarid rangelands. Faunal

surveys, such as we present, are meant to stimulate interest in these habitats and to

provide a basis for further ecological studies.

HABITAT CHARACTERIZATION

The springs included in this study were located in channel landforms in the Bridge

Creek watershed in Wheeler County, Oregon. Bridge Creek flows through Tertiary

basalts and ash layers into the John Day River. All sites were located in the sagebrush

steppe, which typically receives less than 40 cm of precipitation annually. Spring

habitats range in elevation from 670 m to 900 m. All springs were perennial and showed
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high conductivity, pH, and cation concentration values compared to Bridge Creek (Table

2.1). The highly mineralized conditions in many of the springs is probably due to

concentration from evaporation. Chemical conditions in the springs and Bridge Creek are

thought to be a consequence of local geology rather than the influence of human

activities. The springs that we identified are helocrenes (sensu Smith 1991) and reflect

the range in hydrologic and vegetational conditions of spring habitats that occur in the

lower portion of the Bridge Creek drainage. Water temperature varied among sites, with

spring sources having relatively constant temperature throughout the year (9-13 °C) and

both seeps and streamlike habitats showing seasonal fluctuations (0-25 °C).

Willows and other woody riparian vegetation were rare at most spring localities

although shrubs began to appear as habitats assume more stream characteristics.

Vegetation differed between more typical springs and either seeps or stream habitats

(Figs. 2.1-2.2). Watercress (Rorippa) dominated in springs, while seepy areas had

wetland plants such as Carex, Juncus and water hemlock (Cicuta). Where habitats

graded to stream conditions, with defined channels, the amount of filamentous algae

increased but emergent vegetation also was common. Absence of a distinct riparian

community and the dominance of in-channel emergent vegetation are distinguishing

features of aquatic habitats that occur in the headwater reaches of the drainage network in

this area.



Table 2.1. Water chemistry analysis for spring habitats and for Bridge Creek. Water samples were collected on 25-26 April 1992.

Sample Site
Cond.
(umho)

HCO3 -C
(mg/liter) pH

Na
(mg/liter)

K
(mg/litery

Ca
(mg/liter)

Mg
(mg/liter)

Upper Meyer's 850.3 76.31 8.3 45.5 1.99 63.80 47.58

Lower Meyer's 962.6 74.21 8.5 68.0 2.79 59.20 56.78

Upper Mud 631.3 71.56 8.3 42.1 0.69 71.30 18.31

Lower Mud 637.8 68.16 8.1 43.0 1.23 69.00 20.84

Stovepipe Spring 566.9 73.06 8.3 39.1 8.85 40.50 24.57

Green Wash 1980.6 204.72 9.2 414.0 4.33 9.59 5.22

Owen's Ranch 2488.8 52.81 8.3 212.8 2.24 230.40 98.24

Bridge Creek 318.9 37.39 8.8 22.3 1.28 29.70 9.57



8

AQUATIC INSECT COMPOSITION

Methods

Emergence traps were used to collect aquatic insects from June 1991 to October

1992 (Fig. 2.1). The traps enclosed an area of 0.3 m2 and contained a trough with

Fig. 2.1. Upper Meyer's Canyon, near Mitchell, Wheeler Co., OR. This is a helocrene
spring habitat with relatively constant flow and temperature conditions. Watercress
(Rorippa) is the dominant emergent vegetation. The dimensions of the emergence trap
are 50 cm long by 30 cm (at base) by 60 cm high. Photo taken in January 1992.
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ethylene glycol as the preservative. Two traps were placed at each site. They were

emptied about every two weeks during the summer and at 1-2 month intervals during the

Fig. 2.2. Stovepipe Spring, Wheeler Co., OR. A seep approximately 100 m long
characterized by wetland conditions. Note the lack of woody riparian vegetation.
Photograph taken in May 1991, early in the growing season.
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rest of the year. Limited benthic and aerial net sampling were used to supplement the

emergence sampling.

Emergence sampling in these habitats has several advantages when compared to

traditional benthic sampling methods (e.g. kick net, Hess or Surber sampling).

Emergence traps can be left in place for extended periods, thus they continuously sample

insect emergence. The traps were suitable for all types of substrate and vegetation that

occurred in these habitats. Taxonomic specialists can provide species-level

identifications because adults are collected. Another important aspect of emergence

sampling is that destruction of habitat, which these small springs can ill afford, is

minimized compared with benthic collection methods. However, these traps do not

adequately sample insects or other aquatic invertebrates that spend the adult stage in the

water (e.g. water mites, amphipods, some beetles and bugs). These groups are not

discussed in this paper.

Emergence trap collections were placed in 70 % ethanol and returned to the

laboratory for sorting. Representative specimens of many of the aquatic groups were sent

to taxonomic specialists for identification to genus or species. Other groups, such as the

higher Diptera and Coleoptera, have not been identified beyond recognition of families

with aquatic representatives (e.g. Stratiomyidae, Elmidae). Data on taxonomic

composition of Bridge Creek and its perennial tributaries were obtained from the Bureau

of Land Management, Prineville, Oregon from their benthic faunal surveys in this

drainage.
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Taxon Richness

To date, 154 insect taxa have been identified from springs and larger lotic

habitats in the Bridge Creek watershed, 106 from the springs and 47 from Bridge Creek

(Table 2.2). Within the Ephemeroptera, Odonata, Plecoptera and Trichoptera there are

nine genera that are common to both habitat types. Most families of Diptera occurred

both in springs and the larger stream, but taxonomic composition varied within families.

Taxonomic resolution was not consistent among groups or between emergence samples

and BLM benthic survey data, which makes direct comparison difficult, but some trends

emerge from the data.

A notable disparity between habitat types is seen in the Ephemeroptera, which

were represented by nine taxa in the streams and only four in springs. A similar, though

less pronounced, trend is evident in the Plecoptera , which were common at only one of

the spring sites (3 spring taxa vs. 6 taxa in Bridge Creek). The Ephemeroptera and

Plecoptera in the springs do not contribute much to the overall biodiversity of the aquatic

fauna since the taxa from springs are a subset of those that occur in Bridge Creek.

However, the springs offer a relatively constant environment that may serve as refugia for

these taxa when harsh conditions (e.g. drought, flood) prevail in larger habitats.

Trichoptera were more diverse than any other strictly aquatic order in the springs

and there was little overlap with species known from Bridge Creek. Many caddisflies,

such as Hesperophylax incisus and some Limnephilus spp., have life-cycle adaptations for

temporary habitats (Anderson 1976). Available food resources in the two habitat types

may also explain differences in composition as well, with scrapers and falterers such as
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Table 2.2. Aquatic insect taxa identified from spring habitats and Bridge Creek, Wheeler
Co., Oregon. (S = Spring habitats, B = Bridge Creek, U = adult insect, not clearly
associated with habitat)

Ephemeroptera
Baetidae

Baetis tricaudatus S,B

Callibaetis sp.
Heptageniidae

Epeorus/Cinygmula
Epeorus sp.
Rithrogena sp.
Heptagenia sp.

Ephemerellidae
Drunella grandis
Drunella coloradensis
Ephemerella inermis

Tricorythidae
Tricorythodes minutus

Leptophlebiidae
Paraleptophlebia debilis
Paraleptophlebia sp.

Odonata
Lestidae

Lestes unguiculatus
Coenagrionidae

Amphiagrion abbreviatum
Ischnura cervula
Ischnura perparva
Enallagma cyathigerum
Enallagma carnunculatum
Argia vivida S,B

Argia emma

Cordulegastridae
Cordulegaster dorsalis

Gomphidae
Ophiogomphus severus

Aeshnidae
Aeshna umbrosa
Anax junius

Libellulidae
Libellula pulchella
Sympetrum occidentale
Sympetrum corruptum

Plecoptera
Nemouridae

Malenka flexura
Perlidae

Doroneuria sp.
Hesperoperla pacifica

Perlodidae
Isoperla sp.
Skwala parallela

Chloroperlidae
Trichoptera
Philipotamidae

Dolophilodes sp.
Hydropsychidae

Cheumatopsyche sp.
Hydropsyche californica
Hydropsyche sp.
Parapsyche sp.

U

B

U
U

U
U
U

B

S

S

B
B

S,B
B

S

B

S

B

S



Table 2.2, continued.

Rhyacophilidae
Rhyacophila sp.

Glossosomatidae
Glossosoma sp.
Protoptila sp.

Hydroptilidae
A lisotrichia sp.
Hydroptila rono
Hydroptila arctia
Hydroptila sp.
Leucotrichia sp.

Brachycentridae
Brachycentrus sp.
Micrasema sp.

Lepidostomidae
Lepidostoma cinereum
Lepidostoma unicolor

Limnephilidae
Dicosmoecus sp.
Hesperophylax incisus
Limnephilus frzjole
Limnephilus sp.

Helicopsychidae
Helicopsyche borealis

Leptoceridae
Oecetis sp.
Nectopsyche sp.

Lepidoptera
Pyralidae

Petrophila sp.
Coleoptera
Dytiscidae

B

B

B

B

S

S

B

B

B

S

S

S

B

S

S

B

B

S,B
B

B

B
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Agabinus glabrellus
Hydroporus (Sanfilippodytes) sp. S

Hydrophilidae
Ametor latus
Tropisternus sp.

Hydraenidae
Hydraena vandykei
Ochthebius discretus

Psephenidae
Eubrianix sp.

Elmidae
Diptera
Tipulidae

Holorusia rubiginosa
Antocha monticola
Dicranota cazieriana
Dicranota sp. nr. integriloba S

Dicranota neomexicana
Erioptera cana
Erioptera distincta
Hexatoma sp.
Limonia communis
Molophilus sp. nr. pelflaveolus S

Molophilus sp. nr. colonus
Molophilus rostiferus
Pedicia constans
Pedicia diaphana
Pedicia exoloma

Culicidae
Psychodidae

Parapanimerus scalus
Pericoma sp.

B
S,B

S,B
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Table 2.2, continued.

Pericoma bipunctata
Psychoda parthenogenitica
Telmatoscopus albipunctatus
Telmatoscopus aldrichanus
Telmatoscopus basalis
Thorburghiella bipunctata

Ceratopogonidae
Atrichopogon sp. nr. websteri
Bezzia biannulata
Culicoides cockerelli
Culicoides crepuscularis
Culicoides hematopus
Culicoides montanus
Culicoides (Se lfia) sp.
Dasyhelea grisea
Dasyhelea mutabilis
Dasyhelea pritchardi
Dasyhelea sp.
Forcipomyia brevipennis
Forcipomyia (Euprojoannisia)

sonora
Mallochohelea albihalter
Palpomyia occidentalis

Simuliidae
Simulium argus
Simulium aureum
Simulium piperi
Simulium vittatum (complex)

Chironomidae
Conchapelopia sp.
Larsia sp.
Nilotanypus sp.

S

S

S

S

S

S

B

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

B

S

S

S

S

B

S

S

S

Pentaneura sp.
Thienemannimyia barberi
Zavrelimyia sp.
Boreochlus sp.
Parochlus kiefferi
Odontomesa sp.
Prodiamesa sp.
Brillia sp.
Corynoneura sp.
Heleniella sp.
Hydrobaenus sp.
Limnophyes sp.
Metriocnemus sp.
Parametriocnemus sp.
Paraphaenocladius sp.
Pseudosmittia sp.
Psilometriocnemus sp.
Thienemanniella sp.
Apedilum subcinctum
Polypedilum cf. apicatum
Polypedilum sp.
Pseudochironomus cf.

richardsoni
Micropsectra sp. 1
Micropsectra sp. 2
Tanytarsus sp.

Dixidae
Dixa neohegemonica
Dixa sp. 1
Dixella califorrzica
Dixella neoaliciae
Dixella sp.

S

S

S

S

S

S

S

S

S
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Table 2.2, continued.

Stratiomyidae S,B Empididae S,B

Tabanidae S Syrphidae S

Athericidae Muscidae
Atherix sp. B Limnophora sp. B

Helicopsyche borealis and Brachycentrus occurring in Bridge Creek and shredders such

as Lepidostoma occurring in the springs.

The absence of rhyacophilid caddisflies in the springs is somewhat surprising. In

Oregon, the genus Rhyacophila is represented by over 50 species (Anderson 1976),

several of which occur in springs or small-stream habitats (Erman and Erman 1990,

Anderson and Dieterich 1993). Rhyacophilid larvae are generally cool adapted so high

water temperature could be limiting in the seeps and streamlike habitats, but not in more

typical springs such as Upper Meyer's Canyon, where water temperatures typically

ranged from 9-13 °C. It may be that water chemistry (e.g. high alkalinity and cation

content) is a factor limiting rhyacophilid distribution in these habitats.

The Odonata was the only strictly aquatic order that had more species from the

springs than from Bridge Creek. Argia vivida, which was collected at all emergence

sample sites, is characteristic of springs habitats, while other species, such as

Amphiagrion abbreviatum, are associated with wetland or marshy conditions (Kennedy

1915, Walker 1953). It is likely that the springs were the larval habitat for at least some

of the other damselfly species and for Cordulegaster dorsalis. Many of the dragonflies,
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particularly the Aeshnidae, are strong fliers and cannot be clearly associated with a

specific aquatic habitat in the watershed.

The Diptera had the greatest taxonomic richness in both habitat types. The

dipteran fauna from spring habitats is noteworthy because families that are often

overlooked or of little interest in studies of larger lotic habitats (e.g. Psychodidae and

Dixidae) are common elements in the fauna. The Tipulidae had substantially greater

species richness in springs than in Bridge Creek (13 vs. 2 species). However, the

diversity of Tipulidae does not approach that from other small aquatic habitats, as

Dieterich (1992) identified 59 species of Tipulidae from temporary streams in western

Oregon. The Chironomidae is the most diverse group of aquatic insect in the springs,

with 27 taxa identified so far from representative summer and winter emergence

collections. It is likely that the number of chironomid taxa will increase substantially

when more samples are processed. The fauna from springs included taxa listed by

Wiederholm (1989) as characteristic of springs (e.g. Parochlus kiefferi,

Psilometriocnemus) and of semi-aquatic habitats (e.g. Limnophyes , Pseudosmittia).

Functional Feeding Groups

By assigning taxa from Bridge Creek and the springs to functional feeding groups

(sensu Merritt and Cummins 1984), we can begin to generalize about the trophic

relationships of these habitats. Springs contain a high proportion of detritivores

(shredders and collectors), while Bridge Creek contains relatively more scrapers (Fig.

2.3). Predators comprise a similar proportion of the taxa in both springs and the larger

lotic habitats.
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The differences in functional feeding group representation are a function of the

different sources and retention of organic matter in the two habitat types. Emergent

vegetation is the primary source of coarse and fine particulate organic matter in springs.

Bridge Cr.

O Springs

Predator Shredder Gatherer Filterer
FUNCTIONAL FEEDING GROUP

Scraper

Fig. 2.3. The proportion of aquatic insect taxa belonging to different functional feeding
groups for spring habitats and for Bridge Creek, Wheeler Co., OR.

The vegetation also shades these habitats to some extent thus limiting the amount of

periphyton. Export of FPOM is minimal because of the low and generally constant

discharge. Conversely, larger lotic habitats do not contain much emergent vegetation and

allochthonous inputs are low because of the sparse growth of trees and shrubs in the

riparian area. The high level of incident solar radiation favors periphyton growth and a

lack of channel complexity limits the retention of detritus so scraper taxa predominate

over shredders.
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DISCUSSION

Diptera was the most diverse group of insects, comprising almost 70% of all taxa

identified from the springs. A similar proportion of Diptera was observed by Dieterich

(1992) although the richness in his streams was greater for all orders. It is important to

recognize that springs contain many dipteran taxa that do not occur in other aquatic

habitats in the region, thus they make a significant contribution to the overall biodiversity

of semiarid ecosystems. This is also true of Trichoptera, which was the second most

diverse group of insects and contained few species that were common to both spring

habitats and to Bridge Creek.

The Ephemeroptera and Plecoptera contained very few taxa and were a subset of

those known from Bridge Creek. Gaines et al. (1992) also reported low taxon richness of

these orders from spring-fed streams in the cold desert of southeastern Washington.

While they do not contribute substantially to the overall biodiversity of semiarid lands,

that generalization cannot be made for all small habitats. Dieterich (1992) identified 29

species of mayflies and stoneflies in temporary streams, including several that did not

occur in an adjacent permanent stream.

The difference in taxonomic composition between springs and larger lotic habitats

appears to be due in part to differences in organic matter sources and processing rates

between the two habitat types. Emergent vegetation in springs, whether it is emergent

macrophyte (watercress) or wetland hydrophyte (Carex), provides much of the instream

habitat as well as food resource for aquatic insects when it dies. Because of the relatively

constant flow regime in the springs there is little flushing of organic matter. This favors

the accumulation of particulate organic matter and insect taxa that utilize this food
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resource. These springs, which are often cut off from larger lotic systems by some

distance, provide excellent opportunity to study organic matter processing, and may help

us understand the organic-matter dynamics in other near-aquatic environments such as

riparian zones and floodplains.

The distinction between aquatic and terrestrial environments is often obscured in

these systems, especially in the wetland seeps (Fig. 2.4). Consequently, it is appropriate

to think of the springs not only in the context of habitat for benthic organisms but also as

habitat for aerial forms, regardless of their larval habitat. Many terrestrial insects feed on

the emergent vegetation (e.g. aphids, other Homoptera) and associated with them are a

myriad of predators and parasitoids that are also tied to the spring habitat. During

fieldwork it was apparent that the springs were a center of biological activity for many

organisms-- vertebrates and invertebrates alike. This was due to the presence of water,

the humid conditions, a diverse plant community and associated food and habitat

resources not available in the surrounding uplands. Other studies in arid landscapes have

recognized the importance of production from aquatic habitats as a food resource for

predators such as insectivorous birds and bats (e.g. Jackson and Fisher 1986). It is likely

that insects emerging from springs in central Oregon also provide a valuable food

resource to vertebrate insectivores; a succession of swallows, nighthawks and bats are

typically feeding over the springs on most evenings. Additionally, terrestrial invertebrate

predators such as spiders and robber flies (Diptera: Asilidae) feed on aquatic insects from

springs. In this light, these habitats take on greater importance as a crucial component of

the ecosystem. This points to a dual role of springs both as habitat supporting a unique

fauna and a link between interdependent components of semiarid ecosystems.
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Erman (1991) listed the role as indicators and food for other organisms as well as

biodiversity for its own sake as reasons to recognize the importance of invertebrates and

the habitats in which they occur. Springs in semiarid rangelands provide excellent

Fig. 2.4. Stovepipe Spring in June 1991 when the distinction between aquatic and
terrestrial habitats is obscured. The emergent vegetation is dominated by wetland species
such as Carex and Juncus.
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examples of habitats in which all of these values must be recognized in order to protect

them from over-exploitation. Currently there appears to be no legal framework in Oregon

to insure their protection; they are too small to be included as part of stream protection,

particularly when they are not connected by surface flow to larger streams, and they are

not likely to be covered by legislation for wetland protection in most states.

Springs support a wealth of invertebrate biodiversity and offer research

opportunities in many disciplines, many of which could have practical application in

rangeland ecosystems. For example, as different land use practices (e.g. grazing systems)

are implemented, spring fauna could be used as indicators of environmental change or

system health. Because the fauna in springs bears little resemblance to that in Bridge

Creek additional baseline data on the taxonomic composition and autecology of spring

fauna are required. Developing this data base will yield undescribed species and further

our understanding of species already known from springs. For example, a new species of

water mite was discovered parasitizing Argia vivida, a damselfly species that has long

been known to occur in spring habitats in other regions.

Other avenues of research should address broader ecological questions such as the

role of invertebrate production from springs as a food resource for components of the

terrestrial fauna in semiarid ecosystems. Such information will help insure that our

understanding of biodiversity in springs encompasses more than a list of taxa and that the

decisions we make regarding the use of aquatic resources can be made with some

knowledge of their broader implications.
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ABSTRACT

A faunal survey of spring habitats in rangeland springs in central Oregon yielded a

new species of water mite in the genus Arrenurus (Hydrachnidae: Arrenuridae). Through

a combination of field collections and laboratory rearing the larva, deutonymph, male and

female were associated and described. Arrenurus (Arrenurus) hamrumi, sp. nov.

parasitizes adults of the damselfly Argia vivida Hagen, which is a common damselfly in

springs, but heretofore has not been reported to be parasitized by water mite larvae. A.

hamrumi closely resembles A. harperae, which is known from springs in New Mexico

and Arizona. These two species are the only members of the subgenus Arrenurus that are

reported from spring habitats.

INTRODUCTION

Arrenurus is the largest genus of water mite with over 1100 species known

worldwide and over 150 species from four subgenera described from North America

(Cook 1976, Erman, 1993). Many of the described species are known only from adult

males, thus making our knowledge of this group far from complete. Lavers (1945)

provided the last treatment of this group in the Pacific Northwest, but focused only on

adults of those species known from the state of Washington. Arrenurus species that

occur in Oregon are not well documented in any life stage.

A new species of Arrenurus was discovered in a survey of spring habitats in the

Bridge Creek watershed in central Oregon. The mite was initially noted because of the

heavy infestation levels of parasitic larvae found on its primary host, Argia vivida Hagen
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(Odonata: Coenagrionidae), but through a combination of field collecting and laboratory

rearing we were able to associate all life stages. In this paper the larva, deutonymph,

male and female are described for Arrenurus hamrumi. While the subgenera of

Arrenurus probably do not represent natural groups (Cook, 1974), A. hamrumi parasitizes

adult odonates and exhibits marked sexual dimorphism, clearly placing it in what is

currently recognized as the subgenus Arrenurus.

The terminology used in this description follows that of Cook (1974) for adult

material, Mullen (1976) for deutonymphs, and Smith (1990) for larvae. Ranges for each

measurement are reported in micrometers (gm).

ARRENURUS (ARRENURUS) HAMRUMI SP.NOV.

Larva

Character states as in superfamily and generic diagnoses in Smith (1978), such

that: Dorsal plate (Figure 3.1A) without thickened edge or marginal line; dorsal plate

length 173-193; dorsal plate width 143-163; distance between dorsal plate setae: AL-AL

53-68; PL-PL 63-90; SS-SS 50-53; Mhl-Mhl 128-140; AL-SS 50-63; AL-Mh1 83-90.

Venter (Figure 3.2A) with anterior portion of coxal plate I separated by a distinct line;

medial length of coxal plate I 68-78; medial length of coxal plate II 25-33; medial length

of coxal plate III 23-33; length of coxal plate setae: Cl 43-70; C2 40-60; C3 55-80; C4

63-75; medial edge of coxal plate Ito Cl 38-43; medial edge of coxal plate Ito C2 13-18;

medial edge of coxal plate III to C4 33-40. Excretory pore plate pyriform (Figure 3.2B);
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Figure 3.1. Arrenurus hamrumi, dorsal plate of the larva. The scale bar indicates 50 1.1m.

length 26-33; width 23-36; anterior edge of excretory pore plate to excretory pore 10-15.

Capitulum length 83-105; capitulum width 40-75. Chelicera length 50-83; chelicera width
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Figure 3.2. Arrenurus hamrumi, venter (A) and excretory pore plate (B) of
the larva. The scale bars indicate 18 pin and 10 p.m.
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Figure 3.3. Arrenurus hamrumi, ventral view of leg segments of the larva. Leg I is
uppermost in the figure, Leg DI is lowermost. The scale bar indicates 18 pm.
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20-25. Leg chaetotaxy (Figure 3.3): Tarsus I with Ta4 ca. three fourths the length of

solenidion; Tibia I with Til and Ti2 ca. equal in length; Tarsus II with Ta4 ca. three

fourths the length of solenidion; lengths of leg segments: We 30-33; IGe 28-30; ITi 43-

45; ITa 53-60; II Fe 30-33; IlGe 28-30; IITi 45-50; Ina 58-68; In Fe 30-33; IllGe 28-30;

IIITi 43-53; IllTa 55-70.

Deutonymph

Body orange with bluish-black coxae and appendages. Pa 1p similar to but smaller

than adult; length of palp segments: PI 25-30; PH 65-75; PIII 43-55; PIV 75-83; PV 38-

43. Acetabular plates directed posterolaterally (Figure 3.4); length of plates 126-186; 43-

62 acetabula per plate, with acetabula more closely spaced at lateral terminus of plate.

Excretory pore plate roughly circular with irregular margins; length 25-35; width 25-38.

Length of tarsi on legs Ito IV: Tal 88-105; Tall 100-118; TaIll 110-135; TalV 130-155;

Tarsi without swimming hairs; no more than three swimming hairs on any leg segment;

Fourth pair of legs held vertically, as in adults.

Male

Character states as in family and generic diagnoses given by Cook (1974) such

that: Integument bluish-black; distinctly punctate throughout; body length (including

petiole 925-1050; body width 707-769; anterior end of body blunt to slightly concave

between eyes (Figure 3.5); pygal lobes with two distinct humps directed posterolaterally;

width between pygal lobes (measured between posterior-most setal insertions on lobe)
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Figure 3.4. Arrenurus hamrumi, venter of the deutonymph. The scale bar indicates 10

pm.

395-468; dorsal furrow incomplete, terminating just below anterior base of pygal lobes;

dorsal shield with rounded median hump; dorsal shield with two pairs of glandularia on

noncauda portion; a pair of heavy setae located medial and decidedly anterior to the

posterior pair of glandularia; dorsal portion of ventral shield without laterally place
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Figure 3.5. Arrenurus hamrumi, dorsum of the male. The scale bar indicates 100 p.m.
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humps; length of petiole 135-177; width of petiole 83-94; central piece of petiole stalked

proximally with terminus wide and blunt; central piece of petiole borne in a groove in the

ventral piece; ventral piece of petiole with a pair of stout, posteriorly directed setae;

hyaline appendage short, but wide. Acetabular plates extending slightly up sides of body

(Figure 3.6); associated lateral glandularia dorsal and anterior to termina of acetabular

plates;. Gonopore teardrop shaped; end of gonopore projecting somewhat beyond

posterior margin of acetabular plates. Pa 1p IV with prominent antagonistic seta (Figure

3.7A); dorsal length of palp segments: PI 36-43: Pll 71-95; PIll 71-79; PIV 87-99; PV 43-

51. Dorsal length of distal segments of the fourth leg: IV-leg 4 (including distal

projection) 277-316: IV-leg 5 114-130; IV-leg 6 166-190; distal projection of IV-leg 4

extending well beyond insertion of the fifth segment (Figure 3.7B); length of distal

projection 102-123; terminus of distal projection with a dense tuft of long setae.

Female

Integument bluish black, distinctly punctate throughout; body oval, widest

posteriorly; anterior end blunt to slightly concave between the eyes; body length 1092-

1421; body width 1029-1175; dorsal furrow incomplete, terminating ca. parallel with

third pair of glandularia on dorsal shield; dorsal shield width 729-905; dorsal shield

bearing three pairs of glandularia; glandularia more closely spaced posteriorly. Acetabular

plates directed posterolaterally (Figure 3.8); two pair anterior and one pair posterior

acetabular setae; width of acetabular plate region 707-842; width of gonopore 167-187.

Dorsal length of palp segments: PI 40-47; PII 87-111; PIII 79-81; PIV 99-
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Figure 3.6. Arrenurus hamrumi, venter of the male. The scale bar indicates 100 p.m.
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B

Figure 3.7. Arrenurus hamrumi, palp (A) and Leg IV (B) of the male. The scale bars
indicate 30 lam (A) and 60 gm (B).
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Figure 3.8. Arrenurus hamrumi, venter of the female. The scale bar indicates 100 um.
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105; PV 51-55. Dorsal length of distal segments of the first leg: I-leg 4 154-174; I-leg 5

150-170; I-leg 6 132-138.

Type Material

Holotype: Adult male collected from Meyer's Canyon, T 11 S, R 21 E, Sec. 15,

Wheeler, Co., Oregon, 12 March 1995, by T.M. Anderson. Allotype: Adult female,

same data as above. Paratypes: Nine males, eight females, same collection data as

above. Ten larvae collected from under the wingpads of Argia vivida on 27 January 1995,

same location as above. Eight deutonymphs reared from engorged larvae collected on

adult A. vivida on 4 August 1994, same location as above.

Host Relationships

The primary host of the larvae of Arrenurus hamrumi is the damselfly Argia

vivida (Odonata: Coenagrionidae), where intensities of parasitism often exceed over 250

mites per host (Anderson and Anderson, Chapter 4). Engorging larvae of this species

also occurs occasionally in low numbers on other species of coenagrionid damselflies that

occur in these springs, including Amphiagrion abbreviatum Selys, Enallagma

cyathigrum Charpentier, and Ischnura perparva Selys.

Habitat and Distribution

A. hamrumi is known from springs that occur in the sagebrush steppe in central

Oregon. Hydrologic conditions in the springs range from wetland seeps to perennial

springbrooks. These habitats exhibit highly mineralized conditions and fluctuating water

temperatures (Anderson and Anderson, 1995). The springs generally lack a distinct
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riparian zone, and are characterized by very dense emergent vegetation that includes

wetland plants such as Juncus, Carex, Equisetum, and Cicuta (water hemlock).

A. hamrumi is known only from spring habitats in the Bridge Creek drainage in

Wheeler Co., Oregon. However, many similar habitats occur in semiarid regions of

Oregon and collection records of Argia vivida near small, spring-fed streams in

northcentral Oregon indicated that they were "infested with red mites" (Kennedy, 1915).

These mites were probably larvae of A. hamrumi.

DISCUSSION

Members of Arrenurus hamrumi are very similar to those of A. harperae Cook

(Cook, 1976), a species known from a few springs in New Mexico and Arizona. Adults

of the new species are consistently smaller than those of A. harperae, and males of A.

hamrumi can also be distinguished from those of A. harperae in dorsal view by the

convex, rather than truncate shape of the idiosoma anteriorly between the eyes and by the

more divergent pygal lobes.

The life history of A. hamrumi is discussed in detail in Chapter 4 (Anderson and

Anderson). The large worldwide subgenus Arrenurus (sensu stricto) includes some 60

previously described nearctic species and an unknown number of undescribed species,

mostly in eastern North America. Most species of the subgenus inhabit lakes and ponds.

A. hamrumi and A. harperae represent one of the few species groups reported from spring

habitats. Larvae of all species of Arrenurus (s. s.) for which life history data are available

parasitize Odonata.
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A. vivida, the primary host of A. harmumi is widely known from spring habitats

throughout western North America (Pritchard, 1982). However, adults of A. vivida from

other sites where this species has been collected are not infested with water mite larvae

(Gordon Pritchard, personal communication). This suggests that A. hamrumi may have a

fairly restricted distribution in semiarid regions of central Oregon and perhaps

Washington. Additional collecting in spring habitats in semiarid rangelands and at sites

where A. vivida is known to occur will yield a more complete estimate of the extent of the

distribution of A. hamrumi.

The species is named after Charles L. Hamrum, late Professor of Biology at

Gustavus Adolphus College, St. Peter, MN, and early mentor of T.M.A.
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INTRODUCTION

Invertebrate communities in springs make a significant contribution to the

biodiversity of a region because many of the taxa do not occur in larger aquatic habitats

(e.g., Anderson and Anderson, 1995). Recent research has focused on relating

community composition to physical-chemical parameters of the spring environment (e.g.

Blackwood et al., 1995; Erman and Erman, 1995). Most surveys and life history studies

have focused on the insect fauna but some recognize the contribution of other invertebrate

groups to the biodiversity of springs and the role of these groups in community level

interactions (e.g. Varza and Covich, 1995; Webb et al., 1995). Water mites (Acari:

Parasitengona: Hydrachnida) are common in springs and have a complex life cycle that

makes them interesting and potentially important members of invertebrate communities

in springs (Smith, 1991).

Water mites are a very successful group of aquatic invertebrate with over 5000

species recognized worldwide, and about 1500 known from America north of Mexico

(Smith and Cook, 1991). They inhabit virtually all types of aquatic habitats where they

have both predatory and parasitic stages in their life cycle. Their hosts include insects

from 58 families in 11 orders (Smith and Oliver, 1986). Smith (1991) catalogued over

115 species from springs in Canada, but recognized that his estimate of water mite

diversity was far from complete. He outlined research needs in this area including

baseline inventories, systematic revisions, and accumulation of life history and behavioral

data in order to elucidate adaptations that allow mites to exploit spring environments.
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While the general life cycle is known for water mites, there is much variation

among taxa in specific life-history traits, such as timing and duration of the different life

stages. It is not clear whether these differences are phylogenetically dictated, tied to host

life cycles, or related to environmental factors; it is likely that all of these factors are

important. Smith and Oliver (1986) discussed the phenomenon of "evolutionary

tracking" of certain host groups by water mites. They suggested that this provided a

means by which water mite lineages could integrate various adaptations that evolved in

response to the phylogeny, morphology, behavior, life history and habitat of hosts groups.

Alternatively, Williams (1991) discussed the role of environmental factors such as

temperature and permanence of habitat as potential factors influencing the life-history

traits of arthropods, particularly in hot and cold springs. Proctor and Pritchard (1990)

reported different life-history patterns within the Unionicola crassipes complex

(Hydrachnida: Unionicolidae) and suggested that the life history of these sponge-

inhabiting water mites may be closely tied to the availability of their hosts.

The association between Arrenurus hamrumi Anderson and Smith (Hydrachnida:

Arrenuridae) and its damselfly host Argia vivida Hagen (Odonata: Coenagrionidae),

provided a chance to evaluate the life history of a spring-dwelling mite. While other

water mite taxa were identified from rangeland springs in central Oregon, A. hamrumi

was the most common (Table 4.1) Interestingly, even though the genus Argia contains

more than 100 species, the association between A. hamrumi and A. vivida is the only

record of any species of Argia being parasitized by water mites, save for an early

reference by Kennedy (1915) to A. vivida adults that were "heavily infested by red mites".



45

The identity of those mites was not determined, but the observations were recorded at a

spring-fed stream in north central Oregon, so it is quite likely that the mite species was A.

hamrumi.

Table 4.1. Water mite taxa collected from spring habitats in the Bridge Creek watershed,
Wheeler Co., Oregon. The stages of the life cycle that were collected are indicated: L =
larva, D = deutonymph, A = adult. The host of each water mite group was determined by
collecting parasitic larvae attached to hosts, or surmised from the literature when only
adult mites were collected. Rare taxa were collected only once or twice. Common taxa
were collected regularly, but not in high numbers. The abundant taxon was collected in
high numbers.

WATER MITE TAXON INSECT HOST OCCURRENCE

Eylaidae
Eylais sp. (A) Coleoptera, Hemipteral Rare

Sperchontidae
Sperchonopsis sp. (L, A) Simuliidae: Simullum spp.2 Common

Lebertiidae
Lebertia sp. (A) Diptera' Rare

Limnesiidae
Tyrrellia sp. (L, A) Tipulidae2 Common

Arrenuridae
Arrenurus hamrumi (L, D, A) Coenagrionidae: Argia vivida2 Abundant

'Host association determined from Smith and Cook (1991).
2 Host association determined from field collections.

Arrenurus is the largest genus of water mite, with well over 150 species described

from North America and over 1100 known worldwide (Cook, 1976; Viets, 1987 cited in

Erman, 1993). These mites occur in a wide range of aquatic habitats, including springs

and wetlands, though they are most often collected in lentic environments (Smith, 1987;

1991). Adults and deutonymphs of Arrenurus feed on small crustaceans, especially
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ostracods, while the larvae parasitize nematocerous Diptera or Odonata (Proctor and

Pritchard, 1989; Smith and Oliver, 1986). Most Arrenurus spp. exhibit the typical water

mite life cycle (Figure 4.1), which allows for functional specialization among the

different life stages: the larva disperses; the deutonymph increases in size; and the adult

reproduces. The quiescent stages, the nymphochrysalis and imagochrysalis, allow for

structural reorganization of the developing mite.

Our objectives in this paper are: 1) to review the life history of the host insect,

Argia vivida and document its seasonal association with both the phoretic and parasitic

phases of the larval stage of the mite; 2) to present the life history of the water mite,

Arrenurus hamrumi, including the seasonal occurrence of different stages of the life

cycle; and 3) to evaluate the life history of this mite in light of its occurrence in springs

and as a possible consequence of its association with A. vivida.

STUDY AREA

All collections and field studies were conducted north of the town of Mitchell,

Wheeler Co., Oregon at sites in the Bridge Creek catchment, which is part of the John

Day River system (Figure 4.2). The four springs from which A. hamrumi and A. vivida

were collected were in channel landforms located in the sagebrush steppe. The area

typically receives less than 40 mm of precipitation annually. All springs were perennial

and showed highly alkaline conditions (Anderson and Anderson, 1995). Though the

springs exhibited a range of hydrologic conditions, they were all considered helocrenes

(sensu Smith, 1991) in that the water flowed primarily over vegetation and organic

detritus.



47

Figure 4.1. Life cycle of Arrenurus hamrumi (Hydrachnida: Arrenuridae). Adults
(A) lay eggs on leaves or other substrate particles (B). After eggs hatch larvae locate
immature damselflies and become phoretic under the wingpads (C). Mite larvae emerge
with their host and become ectoparasites on the adult damselfly (D). After engorgement
larvae return to the water where they undergo the quiescent nymphochrysalis stage (E)
before emerging as a deutonymph. Deutonymphs transform into the imagochrysalis stage
(F) before adults emerge (A).
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Figure 4.2. Location of the study area in the John Day River system. Springs where
Arrenurus hamrumi was studied were located north of Mitchell in the Bridge Creek
drainage, Wheeler Co., OR. Inset shows the extent of the John Day River system in
Oregon.
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These habitats fall under the category of springs because they are points of

discharge of groundwater. However, discharge was variable so some springs had habitat

conditions typical of perennial springbrooks, while other resembled seeps. The latter may

be appropriately classified as discharge wetlands (Mitsch and Gosselink, 1993).

Temperature was relatively constant in spring sources (9-13 °C) but was variable in both

seeps and streamlike habitats (0-25 °C), reflecting both diel and seasonal fluctuations.

The habitats were generally free from ice during the winter months.

Vegetation also differed among habitat types. Watercress (Rorippa sp.)

dominated in springs, while seeps were characterized by wetland plants such as Carex,

Juncus, and water hemlock (Cicuta). As habitats assumed a more stream-like character

the amount of filamentous algae increased but emergent vegetation was still very

common. The absence of a distinct woody riparian community and the dominance of in-

channel emergent vegetation are distinguishing features of aquatic habitats that occur in

the headwater reaches of the drainage network in this area.

While A. hamrumi and A. vivida occurred at four of the springs that were initially

surveyed and at other small seeps that were subsequently identified in the area, most of

the study was conducted at two sites that encompassed the range of hydrologic conditions

in spring habitats in this region. Stovepipe Spring is a wetland seep that extends for ca.

100 m in a channel that is otherwise dry and has no surface hydrologic contact with other

larger aquatic habitats (Figure 4.3). There is no visible flow and water level varies

throughout the day, particularly in the summer due to evapotranspiration by macrophytes.

Meyer's Canyon contains a perennial springbrook that flows into Bridge Creek (Figure
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4.4). The channel is fairly uniform throughout its length (ca. 1 km), with emergent

vegetation and organic detritus comprising the dominant substrates.

Figure 4.3. Stovepipe Spring, Wheeler Co., Oregon. This wetland seep extends for ca.
100 m in a channel that has no surface hydrologic contact with other larger aquatic
habitats.
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METHODS

Field Collecting

At larger sites such as Meyer's Canyon, adult mites were collected by disturbing

the substrate and vegetation and collecting dislodged material in an aquatic net. The

Figure 4.4. Meyer's Canyon, Wheeler, Co., Oregon. This is aperennial springbrook
that flows directly into Bridge Creek.
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detritus and organisms were then washed through a 1.0 mm and 0.5 mm sieves. The

material retained by the 0.5 mm sieve was floated in a white pan and the active mites

were collected with an eye dropper. They were either preserved or returned to the

laboratory for observation. At Stovepipe Spring, a shallow layer (1-2 cm) of substrate

was shoveled into the sieves and washed with water that was transported to the site. Most

mites were taken from Meyer's Canyon because they were easy to capture at this site and

it minimized habitat damage at the smaller, isolated spring.

Four Surber samples were taken at random locations along the study reach of

Meyer's Canyon on eight occasions from summer 1993 through spring 1994. This

spring-influenced stream is fairly uniform throughout most of its length (i.e. no distinct

pools or riffles), so sampling effort was not segregated by habitat area. Samples were

preserved in 95% ethanol. Density of male and female mites and density of damselfly

larvae were determined from these samples. Few deutonymphs were collected, probably

because the mesh size of the sampling net was too large to retain this life stage. Mite

larvae seeking hosts also were too small to be represented in the Surber samples. Larvae

were only obtained in the field from under the wingpads of damselfly larvae. Seasonal

occurrence of different life stages also was noted from the samples, although this

information was supplemented by other field collections of both mites and damselflies.

To determine intensity (number of parasites per host) of mite infestation,

specimens of A. vivida were collected in cage emergence traps placed over the water

(Anderson and Anderson, 1995). The newly emerged damselflies were examined for

attached larvae of A. hamrumi. Because larvae of Arrenurus attach only during ecdysis of
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the host (Mitchell, 1969a), damselflies from emergence samples provided an estimate of

initial mite infestation rates of the damselfly population. These infestation levels were

compared to those on older damselflies, with engorged mite larvae, that were netted in

the field.

Laboratory Procedures

A. hamrumi cannot be cultured in the lab because of its dependence on adult

damselflies, which cannot be kept alive for long periods in captivity. Specimens of the

parasitic larvae and adults were collected in the field and transferred to the laboratory for

rearing. The duration of life-cycle stages and the percentage transforming to the next life

stage were determined from the rearings. Sex ratio of adult mites (No. Males/No. Males

+ No. Females) also was determined. A culture of ostracods was maintained in order to

feed adult predatory adults and deutonymphs.

Egg production by field-collected females of undetermined age was monitored in

a constant temperature room at 15 °C. The number of egg masses and eggs per mass was

determined for groups of female mites collected at Stovepipe Spring and at Meyer's

Canyon. We determined the duration of the egg stage, and viability within each egg mass

from eggs produced by a different group of field-collected females.

During the flight period, Argia vivida adults with engorged mites were captured

and returned to the lab. Mite larvae were scraped from the damselflies and placed in

small chambers containing ca. 20 ml of dechlorinated water. Engorged larvae were

placed on the surface of the water in the rearing chamber. Those that did not break the

surface film and submerge were left at the surface to see they would successfully
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transform to the deutonymph stage. Because deutonymphs easily break the surface

tension and submerge, the presence of the larval exuviae at the surface was used to

indicate successful transformation of mite larvae that had remained on the surface. All

mites from an individual damselfly were kept together until adults emerged or until the

developing mites died.

To determine the size that mite larvae must reach in order to successfully

transform into deutonymphs, mite larvae in various stages ofengorgement were collected

from damselflies in the field. The length and width of each larva was measured with a

linear ocular micrometer under a dissecting microscope. These measurements were used

as an index of size for the oblong-sphere shaped mites. Larvae were then placed in cells

of a microtitration plate that contained water and success of transformation to the

deutonymph stage was recorded. Larvae were assigned to size classes and percent of

transformation for each size class was calculated.

Establishing the duration of the engorgement period posed more of a challenge

because adult damselflies do not fare well in captivity. The engorgement period was

predicted graphically by measuring the width and length of mite larvae at different times

after the emergence of damselflies in the lab and comparing those figures with data on

minimum size for successful transformation to the deutonymph stage, as obtained above.

LIFE HISTORY OF ARGIA VIVIDA

It is imperative to have some knowledge of the biology of the host if one is going

to study the life cycle of a parasitic organism. Fortunately, the life history and biology of

A. vivida has been well documented from other sites in western North America, many of
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which are similar to those where the Arrenurus hamrumi-Argia vivida association was

studied in central Oregon.

The life history of A. vivida is flexible enough to accommodate living in

environments with different thermal regimes. It inhabits both cold and hot springs and

other small aquatic habitats from central Mexico to Alberta and British Columbia

(Pritchard, 1980; 1982). The life cycle requires one year in hot springs and up to three

years in colder habitats (Pritchard, 1980; 1989). A short-day diapause helps synchronize

adult emergence in populations that inhabit hot springs, while populations that inhabit

cool habitats exhibit both short-day and long-day diapauses to synchronize emergence

and insure that the damselflies overwinter as cold-tolerant, late-instar larvae (Pritchard

1989). This life-cycle adaptation is seen in many species of Odonata and has been cited

as a mechanism that enables dragonflies and damselflies to inhabit northern latitudes

(Pritchard, 1982).

A. vivida in the springs we studied appeared to have a two-year life cycle with

adult emergence beginning in May and continuing through early August. Peak abundance

of damselfly larvae, including those large enough to serve as hosts for phoretic mites, also

occurred in September samples (Figure 4.5). This is what would be predicted for insects

exhibiting diapause induced by long days, as has been proposed for A. vivida in other

cold-water habitats (Pritchard, 1989). The long-day diapause is the second diapause that

A. vivida undergoes in its two-year life cycle and results in an accumulation of late-instar

larvae in the fall that will molt to the final instar for overwintering.
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Interestingly, mite larvae did not associate only with final-instar damselfly larvae,

but were commonly found under the wingpads of damselflies with head capsule widths

greater than 2.3 mm, which we believe corresponds to the last two or three instars.
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Figure 4.5. Mean density (+ SE) of Argia vivida and density of those larvae large enough
to be hosts of Arrenurus hamrumi (head capsule width > 2.8 mm) in collections from
Meyer's Canyon, June 1994-April 1995.

Damselfly larvae that were large enough to serve as hosts to the phoretic mite larvae were

present throughout the year, but peaked in September.

Emergence of adult A. vivida occurs from ca. May through early August. While

damselflies from Meyer's Canyon were seen away from the water, those at Stovepipe

Spring, were rarely encountered far from the aquatic seep habitat. Conrad and Pritchard

(1988, 1990) documented the mating behavior for this species and suggested male

damselflies monopolize females by long bouts of copulation followed by tandem flight.

Males often retain their grasp on the female, but do not become submerged during
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oviposition. Damselflies captured in reproductive behaviors (tandem flight, copulation,

oviposition) often had scars on the metathorax, indicating that they previously had heavy

infestations of mite larvae (Anderson, chapter 5).

LIFE HISTORY OF ARRENURUS HAMRUMI

Adult Stage

Adults of A. hamrumi occurred in samples collected throughout the year (Figure

4.6). Density of both male and female mites was greatest in September, following the

flight period of the host and subsequent development of parasitic larvae. Mating and egg

production probably first occur shortly after the adults emerge following the quiescent

imagochrysalis stage. Other fluctuations in adult densities throughout the year
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Figure 4.6. Mean density (+SE) of female and male Arrenurus hamrumi in collections
from Meyer's Canyon, June 1994-April 1995.
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probably reflect spatial variation in mite distribution rather than a pattern that has

relevance to the life history of the mite.

A total of 230 mites emerged in the lab, including 115 males and 114 females.

One gynandromorph emerged that possessed structural features of both the male and

female mite. The sex ratios in field collections of A. hamrumi show a distinct female

bias; however equal numbers of each sex emerged in the laboratory, with males tending

to emerge before females. Proctor (1989) also observed these phenomena in a pond-

dwelling Unionicola crassipes-type water mite. Smith and Oliver (1976) indicate that in

many water mite taxa the males mate soon after emerging and then die. This would

explain the disparity between the results obtained by rearing mites and from field

collections.

The adults feed on ostracods, as do many other species of Arrenurus (Proctor and

Pritchard, 1989). The pincher-like, uncate palp, characteristic of the family Arrenuridae,

is specialized for grabbing the appendages of microcrustaceans, such a ostracods (Cook,

1974). In the laboratory more than one mite may attract a single ostracod, but mites are

very capable of killing and consuming ostracods when acting alone. Ostracod density

was not quantified, but they were always present in high numbers at the sites where A.

hamrumi was collected. Food availability for the predatory life stages would not pose a

problem for this population.

Egg Stage

From field collections and from the laboratory data, we conclude that females of

A. hamrumi can produce eggs throughout the year. Eggs were rarely collected in the
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field, although they were noted in some of the fall Surber samples, where they were

attached to plant material or other detritus. Females are able to produce several batches

of eggs. We did not estimate life-time fecundity because field-collected females had

probably oviposited before their egg production was monitored in the laboratory (Table

4.2). The number of eggs per mass was greater than is reported from Arrenurus spp. that

parasitize mosquitoes, which produced no more that 21 eggs per mass (Smith, 1990). A

high percentage of eggs hatched in the laboratory with an incubation period of ca. two

weeks. Larvae from the same egg mass emerged within 24-36 hours so hatching time

was estimated for the entire egg mass, rather than for individual larvae.

Table 4.2. Egg production and hatching data for Arrenurus hamrumi under laboratory
conditions (19-20 °C). Female mites of unknown age were collected in the field in 1993
and 1995.

Mean (SE) Range Sample Size
Eggs per Female'

Stovepipe Spring 145.0 (25.9) 30 296 9

Meyer's Canyon 126.9 (9.6) 52 - 211 23
Eggs per Egg Mass

Stovepipe Spring 26.2 (2.2) 2 73 52
Meyer's Canyon 23.2 (1.2) 3 - 73 126

Hatching Time (Days)2'3 13.6 (0.3) 11 - 16 24
Egg Viability (%/mass)3 96.1 (1.3) 75 100 27

1 Females collected in January 1995 and monitored over 8 months (Feb. Sept. 1995).
2 Hatching time estimated for entire egg mass.
3 Females collected in March 1993. Stovepipe Spring and Meyer's Canyon data are

pooled.
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Larval Stage

After hatching, larvae were monitored to determine their longevity in the absence

of a host and to verify that this species does not develop without a parasitic stage. No

larvae were able to transform without becoming parasitic. The life-span of larvae that did

not encounter a host ranged from two to 51 days, with 75 % of larvae surviving 20 days

or more (Figure 4.7). Some larvae were notably sluggish prior do death, so it is likely

that they are not infective for the whole time they are alive. However, if larvae are viable

for even a week or two, they would have a high probability of finding a host given the

densities of late-instar damselflies (100-300 m2) in the benthic environment (Figure 4.5).
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Figure 4.7. Life span of Arrenurus hamrumi larvae in the absence of a damselfly host
under laboratory conditions.

Mite larvae that had located a host in the benthic habitat were found throughout

the year. They occurred under the wing pads of damselflies in the last few instars of



61

larval development; that is, they did not preferentially select hosts that are about to

emerge. This is contrary to literature reports for water mite larvae in general and

specifically for other Arrenurus spp., which are thought to form phoretic associations

with final-instar larvae (hemimetabolous hosts) or pupae (holometabolous insects) (e.g.,

Mitchell, 1967; Forbes and Baker, 1990; Smith 1988). In the laboratory larvae of A.

hamrumi were observed to transfer to the next instar when the host molted, demonstrating

that association with hosts that are not in their final instar does not represent a fatal

mistake on the part of the mite larvae. Rather, the ability to associate with several instars

of A. vivida greatly increases the number of potential hosts available to mite larvae.

Of greater potential consequence to the mite larvae than having to track damselfly

larvae as they molt is the amount of time that the non-feeding larvae must remain with

their host in the benthic environment before they can become parasites. For example, if a

mite larva finds a host in the late summer or fall, when damselflies are most abundant, it

has a minimum of seven months to wait until it can emerge and become a parasite. Eggs

were produced throughout the year and mite larvae were found under the wing pads of

damselfly larvae on all sample dates, so this scenario is probably representative of what

actually happens in the field. It is apparent that larvae of A. hamrumi can survive a long

period of phoresy on A. vivida larvae.

While the larvae may be phoretic for extended periods, the parasitic phase is

limited to the flight period of the damselfly. When the damselfly emerges from the water,

mites transfer from the damselfly exuviae to the teneral adult. We did not examine the

emergence and attachment behavior for A. hamrumi, but it is well documented for other
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Arrenurus spp. After host emergence, mite larvae secure a hold on the host's soft cuticle

with the palps and then penetrate the cuticle with the chelicerae (Abro, 1984). Formation

of the stylostome, or feeding tube through which the mite imbibes host fluids, follows

attachment and is usually completely formed within a day (Abro, 1992).

Mite larvae usually must reach a size of 0.2 mm2 in order to successfully

transform to the deutonymph stage (Figure 4.8A). Mite larvae on damselflies that

emerged in the laboratory did not reach the size where larvae typically transform

successfully. A few larvae from these damselflies did transform into deutonymphs, but

they were very small. The growth curve from these engorging mites predicted that mite

larvae could reach adequate size for successful transformation in ca. 13 days (Figure

4.8B).

After emergence many species of Odonata leave the vicinity of the aquatic habitat

for a period of feeding and maturation of the gonads (Corbet, 1963). It is likely that the

engorgement time for mite larvae on odonates corresponds to the length of the maturation

period. The duration of this period for A. vivida is not documented, but it is reported to

take 7-14 days in Argia moesta (Borror, 1934). Our estimate of 13 days for the parasitic

phase of the life cycle would fall within the probable time necessary for A. vivida to

mature and is in accord with what has been suggested for other water mites that

parastitize odonates (Stechman, 1978, cited in Smith 1988).

Adults of A. vivida are parasitized by larvae of A. hamrumi throughout their

emergence season (May-August). Damselflies had an average of 175 mites upon

emergence from the benthic habitat, compared with an average of <74 engorged mites on
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Figure 4.8. Engorgement of Arrenurus hamrumi larvae. .(A) Success of transforming
to deutonymphs of different sizes of field collected parasitic larvae of A. hamrumi. (B)
Size increase in parasitic larvae of A. hamrumi engorging on Argia vivida adults that
emerged under laboratory conditions. Based on these data the duration of the
engorgement period of mite larvae was predicted to be 13 days.
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damselflies reaching sexual maturity (Figure 4.9). No damselflies collected in the field

had more than 150 engorged mite larvae, while some specimens from emergence traps

had well over 300 mites. Intensity of mite parasitism on emerging A. vivida is very high

compared to that reported for other damselflies that are parasitized by Arrenurus spp.,

which typically have no more than 20 mites (Mitchell, 1959). Dragonflies are reported to

have up to 100 engorged mites (Mitchell, 1959) , so the level of parastitism of A. vivida is

more similar to that which is seen in larger odonates.

Damselflies reaching the end of the maturation period also had relatively high

numbers of fully engorged mites, but the intensity of parasitism was substantially less in

this age class than right after emergence. The most logical explanation for this difference

is mortality of damselflies due to high numbers of mites. It is unlikely that the mites
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Figure 4.9. Intensity of parasitism by Arrenurus hamrumi larvae on newly emerged Argia
vivida adults compared with intensity of engorged mites on mature damselflies, Meyer's
Canyon.
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simply died and dropped off. If the larvae die after formation of the stylostome, they do

not become dislodged from the damselfly. Rather, they shrivel and remain attached even

after other larvae have engorged and detached from the host. We did not determine

whether mortality was caused by mites feeding on host hemolymph or resulted from the

mites weakening the damselflies, thus making them more susceptible to predation and/or

unfavorable environmental conditions (e.g., cool, rainy days). Anecdotal field

observations suggest that both direct and indirect mortality occurred.

Killing the host results in mortality of mite larvae. Even if host mortality occurs

over the water, it is unlikely that engorging mites have reached a size adequate to

successfully transform to the deutonymph stage. Assuming that a high percentage of mite

larvae are able to locate hosts in the water, it would appear that A. hamrumi larvae

experience higher mortality during the parasitic phase of larval development than they do

during previous phases of the larval stage that occur in the water.

Post larval Development

Engorged mite larvae were removed from 21 damselflies for rearing in the

laboratory (Table 4.3). The nymphochrysalis stage, during which the mite transforms

from larva to deutonymph, lasts from two to five days. The success rate of mites

transforming to the deutonymph ranged from 85-100% in this rearing trial. Mortality

during transformation appeared to be slightly higher among larvae removed from

damselflies with high infestations, but not significantly so. Remaining at the water

surface did not appear to have any negative impact on the ability of mite larvae to

transform to deutonymphs.



Table 4.3. Post larval development of Arrenurus hamrumi. Damselflies with engorged mite larvae were collected in August 1994.
Engorged larvae were scraped from damselflies and kept at room temperature (19-20 °C) for rearing. Deutonymphs and newly
emerged adults were fed ostracods from a lab culture.

Host No. Mites' Larvae Deutonymphs Adults Sex Ratio
Surface` Subsurface No. 4 No. % (M/M+F)

1 130 68 62 110 85 14 33 0.57
2 129 58 71 116 90 3 3 0.67
3 128 85 43 125 98 2 2 0.00
4 110 50 60 108 98 18 17 0.56
5 106 22 84 103 97 8 8 0.62
6 103 46 57 102 98 12 12 0.58
7 102 42 60 101 98 14 14 0.43
8 97 64 33 97 100 10 10 0.40
9 89 42 45 87 100 13 15 0.38
10 75 32 43 73 95 17 32 0.53
11 58 12 46 58 100 13 22 0.46
12 57 28 29 57 100 13 23 0.46
13 54 25 29 52 100 8 15 0.38
14 53 34 19 53 100 10 19 0.33
15 50 28 20 48 100 1 13 1.00
16 48 23 28 45 100 11 3 0.72
17 48 22 26 47 100 9 9 0.33
18 47 27 20 47 100 15 32 0.66
19 39 18 21 39 100 15 39 0.47
20 32 20 12 32 100 10 31 0.60
21 21 6 15 21 100 7 33 0.29

MEAN 75.5 36 38 72.4 97.3 10.6 17.9 0.50

Number of engorged larvae per host.
2 Number of mite larvae that remained on the water surface.
3 Number of mites that sunk below the water surface.

4Total % of mite larvae that transformed into deutonymphs.
5 Percent of deutonymphs that transformed into adult mites.
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Other authors have suggested that breaking the surface film poses a problem for

mite larvae returning to the water because of their small size and hydrophobic integument

(Mitchell, 1959; Ellis-Adam and Davids, 1970). Based on our results, a high percentage

of mites transformed into deutonymphs regardless of whether or not they became

submerged, so breaking the surface film is not a requirement as long as the larvae have

access to water and do not desiccate. Most A. hamrumi larvae detaching over Meyer's

Canyon could easily become submerged when they encounter the turbulent flow at that

site, while those detaching over Stovepipe Spring, where there is no moving water, may

transform to the deutonymph while still on the water surface.

The deutonymph stage lasted from one to three months, while the second

quiescent stage (the imagochrysalis) lasted from five to 20 days. In the laboratory, higher

mortality occurred in the deutonymph stage than in the larvae, with the success of

deutonymphs transforming into adults ranging from 2% to 38%. Ellis-Adam and Davids

(1970) also observed high mortality of Piona alpicola (Hydrachnida: Pionidae) during

these two states. Food availability and crowding under laboratory conditions may be

reasons for the low success rate of A. hamrumi transforming into adults.

Seasonal Occurrence of Life Stages

The occurrence of the active stages of A. hamrumi was determined from field

collections and laboratory observations (Figure 4.10). Both male and female mites occur

throughout the year. Based on observations of females in the laboratory, we suggest that

they can produce eggs throughout the year in the field. Larvae in the phoretic phase may

be found lodged under wingpads of damselfly larvae throughout the year. The parasitic
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phase, when the larvae are engorging on the hemolymph of adult damselflies, is limited to

the flight season of the damselfly. The occurrence of deutonymphs begins after the first

parasitic larvae of the season detach and transform (usually in early May), and lasts well

into the fall.

EGG

PHORETIC LARVA

PARASITIC LARVA

DE UTONYM P H

ADULT

JP M AM J J A
MONTH

S O N D .1

Figure 4.10. Seasonal occurrence of the life stages of Arrenurus hamrumi. The larval
stage is divided into the phoretic phase, which occurs in the benthic habitat when the
larvae occur under the wing pads of Argia vivida and the parasitic phase, when larvae
parasitize adult damselflies.

DISCUSSION

Arrenurus hamrumi and its insect host Argia vivida occur in environmental

conditions ranging from spring-fed streams to small wetland seeps. These conditions do

not fit the typical idea of a habitat with constant temperature and discharge that generally

comes to mind in discussions of springs. It may be useful to think of these sites in the

context of wetlands because wetlands have vegetation and organic-matter dynamics

similar to that found in the study springs. Any feature of the life history of A. hamrumi
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that is viewed as an adaptation for existence in springs must accommodate the disparate

environmental conditions in which the mites thrive.

A common feature of all habitats where A. hamrumi occurs is the dominance of

emergent vegetation. Freshwater wetlands often are dominated by emergent vegetation

and much of the primary production is routed through the detrital food chain (Mitsch and

Gosselink, 1993). Similar structure and function have been suggested for the spring

ecosystems included in this study (Anderson and Anderson, 1995). These detritus-based

systems do not support a diverse fauna of the aquatic insect orders, but do favor ostracods

and many species of Chironomidae. Adults and deutonymphs of A. hamrumi feed

exclusively on ostracods and larvae of A. vivida prey heavily on chironomids, so the

trophic structure of these spring systems provides abundant food resources for the

predatory stages of both the mite and the damselfly.

A key factor in the life history of A. hamrumi is the necessity of parasitizing its

host. Parasites such as water mite larvae exploit resources that are patchy in both space

and time. Host location by larvae of A. hamrumi was not investigated in detail, but the

high infestations on teneral damselfly adults demonstrate that large numbers of mites are

able to locate hosts in the benthic environment. However, larvae can only feed during the

flight season of the damselfly, so the resource is discontinuous in time. Mite larvae that

are obligate parasites on species that prolong the life cycle to synchronize adult

emergence would have to exhibit either a sophisticated means of detecting hosts just prior

to emergence or be able to survive an long phoretic association with their host.
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Price (1980) mentions that some parasites have long resting stages in order to

exploit resources that are patchy in time. This phenomenon is seen in mites in as the

genus Iponemus (Prostigmata: Tarsonemidae) that are parasites of scolytid bark beetle

eggs. Lindquist (1969a) suggested that adult females of this group undergo a

"physiological conditioning period" prior to parasitism, which is terminated after a

phoretic stage on the adult bark beetles. Lindquist (1969b) also noted this phenomenon

in Pymotes (Prostigmata: Pyemotidae) , and suggested that phoresy initiates a behavioral

inactivity or metabolic dormancy in the females. Our data demonstrate that larvae of A.

hamrumi can survive a long period of phoresy on the larvae of their hosts. While we did

not conduct experiments specifically to determine how A. hamrumi larvae survive this

extended phoretic phase, there is precedence for such a phenomenon in mites that are

parasitic on only one stage of the host's life cycle.

Alternatives to the long, nonfeeding phoretic phase do not provide satisfying

explanations to what was observed in the field. Water mite larvaeare not known to feed

during the phoretic phase (Abro, 1986; Mitchell, 1969b) and there is no evidence that

larvae of A. hamrumi differ from other water mites in this way. It is unlikely that natural

selection would favor the occurrence of larvae throughout the year if the only ones to

survive are those that are produced during the flight season of the damselfly. In contrast,

if larvae are able to survive a long phoretic phase, females can produce more offspring

with a good chance of becoming parasites because hosts are available throughout the

year.
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The question remains whether the prolonged phoretic phase is an adaptation to

existence in spring habitats. We propose that this is a life history trait that allows the

mites to locate damselfly larvae at any time of year and still be able to parasitize them

during the flight period. If the larvae can survive to become parasites after finding a host

in the benthic habitat, regardless of when that occurs, then the mites have the whole year

to produce potentially viable offspring, rather than a small window of opportunity that

coincides with the emergence of the host. We did not determine whether phoretic mite

larvae were undergoing diapause or some other type of "physiological conditioning" such

as has been suggested for other mite taxa (Lindquist, 1969a). Given the sensitivity of the

host to changes in photoperiod, future laboratory studies that address this question should

be conducted under carefully controlled light conditions.

Much of what we present contributes to the growing body of knowledge of water

mite ecology and suggests avenues for further research. The details of the life cycle of A.

hamrumi still need to be refined and many of the ideas we propose need to be tested

under controlled laboratory conditions or in enclosures under field conditions. The

habitats in central Oregon where we conducted our research provide an excellent

opportunity to study both the biology of water mites and the ecological relationships

among organisms in these unique spring environments.
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CHAPTER 5

DETACHMENT OF ARRENURUS HAMRUMI LARVAE (HYDRACHNIDA:
ARRENURIDAE) FROM ARGIA VIVIDA (ODONATA: COENAGRIONIDAE)
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ABSTRACT

Water mite larvae must detach from their insect hosts after engorgement and

return to the aquatic environment to complete the life cycle. Previous studies of mites in

the genus Arrenurus suggest that stimuli for detachment are associated with host

oviposition, damage to the host, or mortality of hosts over the water. Environmental

factors affecting mite detachment have not been investigated in the field. I studied

detachment of Arrenurus hamrumi Anderson and Smith from adults of the damselfly

Argia vivida Hagen. Tandem pairs of damselflies were collected to determine if mites

detach during oviposition. Field experiments using individually caged damselflies with

engorged mites were conducted to determine if mites preferentially detach while over the

water and if they detach from both male and female hosts. Mite larvae rarely occurred on

damselflies captured in tandem flight, although both males and females showed evidence

of previously having been infested with mites. Engorged mite larvae preferentially detach

over water from both male and female damselflies so a factor associated with oviposition

is not the primary cue for detachment. Confining damselflies over a pan of water placed

in the arid upland habitat did not induce high levels of mite detachment, probably because

the humidity level was lower than that found over the natural aquatic habitat. Damselflies

often perch on emergent vegetation in a zone of high humidity just above the water,

which insures that mites detaching in response to a humidity cue will have a high

probability of reaching water and continuing the life cycle.
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INTRODUCTION

Most water mite larvae locate immature stages of their insect host in aquatic

habitats. The mite larvae are phoretic on this host until it emerges as an adult, at which

time the larvae also emerge from the water and become parasitic on the host insect. The

parasitic larvae must detach from their aerial insect host and return to the aquatic

environment in order to complete the life cycle. Most of the prior research on

detachment of engorged larvae has been conducted on mites of the genus Arrenurus,

which parasitize adults of Odonata and Diptera. Previous work examining mite

detachment from a variety of odonate hosts suggested that mites detach upon contact with

water during oviposition by the female damselfly or when a host dies over the water

(Mitchell, 1959). In contrast, Lanciani (1979) observed that the number of stylostomes

(feeding tubes in host tissue formed by the mites) in nulliparous mosquitoes was typically

greater than the number of attached mites, indicating that mites can detach before the first

oviposition by the female. Smith and Laugh land (1989) investigated potential cues that

could induce detachment of Arrenrurus danbyensis Mullen from mosquitoes. They

suggested two possible stimuli for detachment: 1) a haemolymph-borne cue associated

with oviposition behavior of the host; and 2) external reception of host haemolymph

associated with host damage.

Other studies suggest that mite larvae must undergo a minimum period of

engorgement before detachment and successful transformation to the deutonymph can

occur. McRae (1976) noted that mites detaching from mosquitoes were well engorged,
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and Lanciani (1979) demonstrated that the proportion of detached larvae that successfully

transformed to deutonymphs increased with the body length of the engorged mite.

While these studies indicate a relative time frame in which detachment from the

host occurs, questions remain regarding the stimuli that induce larval mite detachment.

For example, if oviposition is the cue for detachment, what is the fate of mites that

parasitize male hosts? Both Mitchell (1959) and Lanciani (1979) note that male and

female hosts carry similar loads of mites, but offer little explanation as to what happens to

mites associated with male insects. McRae (1976) reported lower infestations of mites on

male mosquitoes but noted that mites can detach equally well from either sex. Other

questions arise about the proportion of hosts that die or incur damage while over the

water, thus making it possible for mites to detach.

Given the questions raised by these previous studies, it seems reasonable that

some factor associated with the aquatic habitat, to which the mites must return, may

provide a reliable cue for mite detachment. However, other than the application of water

to attached mites (Mitchell, 1959; Smith and Laugh land, 1989) no environmental factors

have been investigated and no field studies focusing on mite detachment exist in the

literature. I propose that high relative humidity could provide a reliable cue for

detachment of mite larvae over a suitable aquatic habitat. This hypothesis could account

for detachment from both male and female hosts. Also, it makes it plausible that there is

a common cue for detachment among related water mite species that parasitize

phylogenetically and ecologically different insect hosts.
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The association between Arrenurus hamrumi Anderson and Smith and the

damselfly Argia vivida Hagen is common in rangeland springs and wetland habitats in

central Oregon (Anderson and Anderson 1995) and was the focus of this study. In the

field, both male and female A. vivida commonly carry well over 100 parasitic water

mites, which typically attach to the venter of the metathorax (Fig. 5.1). Engorged mites

are unlikely to come in direct contact with water even during oviposition, suggesting that

neither oviposition nor contact with water can reliably induce detachment of mite larvae.

Fig. 5.1. The damselfly Argia vivida with engorged larvae of the water mite Arrenurus
hamrumi. Engorged mite larvae typically are attached to the sides and venter of the
thorax of both male and female damselflies.
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Field collections and manipulative experiments were designed to address

questions about mite detachment raised by previous work and to explore the potential role

of humidity in initiating detachment of A. hamrumi larvae from A. vivida. Specifically,

my efforts were directed toward answering the following questions: 1) Do mites detach

during oviposition by the host? 2) Do mites detach from both male and female hosts? 3)

Do mites preferentially detach over the aquatic habitat? 4) Does humidity play a role in

mite detachment?

METHODS

The study was conducted at two sites in the Bridge Creek drainage in Wheeler

County, OR. Stovepipe Spring is a perennial seep that extends approximately 100 m in a

channel landform. There is little visible surface flow, particularly in the summer, and no

apparent connection with other aquatic habitats in the vicinity. Meyer's Canyon contains

a perennial springbrook that flows directly into Bridge Creek. Both habitats have very

little woody riparian vegetation and are dominated by emergent wetland plants such as

Juncus, Carex, Equisetum, and watercress (Rorippa). Argia vivida is abundant at both

sites. Field collections and experiments were conducted during July and early August in

1994 and 1995, during the emergence and flight period of the damselfly.

To determine if mites detach primarily during oviposition, damselflies engaged in

reproductive behavior (i.e. copulation, oviposition, or flying/perching in tandem) were

collected in the field and examined for mite larvae. Evidence of previous mite

infestation, such as discoloration or scarring of the metathorax, also was noted for both
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males and females. Wings of the damselflies were marked with permanent ink prior to

being released to insure that they were not counted more that once in the survey.

Fig. 5.2. Cages for damselflies used in manipulative experiments on mite detachment.
Cylindrical cages of plastic window screen were ca. 20 cm high, with petri dishes forming
the bottom and lid. This cage is located in the aquatic habitat over the water (H2O
treatment).
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Two manipulative experiments were conducted to assess other aspects of mite

detachment. Adult damselflies bearing engorged mites were collected in the field and

placed in individual cages. The cages were a cylinder of plastic window screen 20 cm

high with petri dishes (8.7 cm diameter) forming the base and lid (Fig. 5.2). Each cage

had a wooden dowel for a perch. To determine whether mites preferentially detach when

their host is over the aquatic habitat, equal numbers of caged male and female damselflies

Fig. 5.3. Individually caged damselflies placed away from the aquatic habitat (LAND,
LAND-DRY treatments). Cages were placed where adult damselflies had been
previously observed.
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with engorged mites were placed in emergent vegetation over the water (H20), and in the

arid uplands (LAND) adjacent to the channel (Figs. 5.2-5.3). A comparison also was

made within the H2O treatment to determine if mites detached from both male and

female hosts. The second experiment was designed to determine if the mere presence of

water was enough to stimulate detachment by mites, or if microhabitat conditions

associated with the natural aquatic habitat were necessary. Caged damselflies were

placed: a) directly over the aquatic habitat (H20); b) over a pan of water located away

from the aquatic habitat in the arid uplands (LAND-H20) (Fig. 5.4); and c) away from

the aquatic habitat or any artificial source of water (LAND-DRY). Damselflies were

randomly assigned to treatments and the cages were positioned in areas where damselflies

with mites had been seen previously.

Cages were examined periodically over two days. Damselflies and mites were

preserved either when all mites had detached or when the damselfly had died and the

attached mites began to darken and shrivel, indicating that they were incapable of

detaching. Cages that were scavenged by ants or that had tipped over (resulting in some

of the damselflies and mites coming into direct contact with water) were discounted from

the experiments. Counts were made of the number of mites that detached and the number

of mites that remained on each damselfly. Data are expressed as the percentage of mites

detaching rather than as absolute numbers because the number of mites originally on a

damselfly was variable.

Humidity was measured at the treatment sites using a Psychron Model 566 hand-

held psychrometer. Readings were taken at three different heights along three transects at



85

Meyer's Canyon to describe the humidity gradient associated with the aquatic habitats.

Humidity measurements also were taken at transects established at Stovepipe Spring, but

Fig. 5.4. Individually caged damselflies placed over a pan of water in the arid upland
environment (LAND- H2O treatment).
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air temperatures away from the water often were higher than 37 °C, thus exceeding the

range of temperatures at which the psychrometer could accurately measure humidity.

Only data that were gathered over the water are reported. The location of perching

damselflies was noted in conjunction with collecting humidity data at Stovepipe Spring.

The height of the perch site over water was estimated to the nearest five centimeters.

A two tailed t-test was used to compare the number of mites on damselflies in the

H2O and LAND treatments. Analysis of variance (ANOVA) was employed to compare

mite loads on damselflies for the second experiment in which three treatments were

examined. Linear regressions were performed to determine if the total number of mites

affected the percentage of mites that detached. The Mann Whitney-U test was used to test

for differences in mite detachment between male and female damselflies that were

assigned to the H2O treatment as well as for all other comparisons between two variables

where the assumptions of standard parametric tests could not be met. The nonparametric

Kruskal-Wallis test was employed in lieu of the ANOVA to test for differences in mite

detachment among the H2O, LAND -H2O, and LAND-DRY treatments and for differences

in relative humidity associated with each of these treatments (Rohlf and Sokal, 1981;

Sokal and Rohlf, 1981). For all tests, a probability of 0.05 was deemed necessary for

establishing statistical significance.

RESULTS

Seventy-one males and 68 females engaged in reproductive activity were collected

during the field survey. Uneven sample sizes between the males and females resulted

from repeated capture of some individuals and because others escaped before survey data
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were recorded. Mites only occurred on eight males and four females (Fig. 5.5). Of the

damselflies that did not carry mite larvae, 30 males and 18 females showed scars on the

venter of the metathorax, clearly indicating previous infestation by water mite larvae.

A higher percentage of mites detached from hosts placed directly over the aquatic

habitat than from hosts placed in cages away from the water (Mann Whitney-U two tailed

test, U = 110, p < 0.01) (Table 5.1). The percentage of mites detaching from male and

female hosts that were placed over the water did not differ significantly between sexes.

50 -
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Fig. 5.5. The occurrence of water mite larvae on male and female damselflies that were
collected while engaged in reproductive activity (copulation, oviposition, or flying in
tandem). Discoloration or scars on the metathorax were evidence of previous infestation
by mite larvae.

The percentage of mites detaching differed significantly among the three

treatments in the second experiment (Fig. 5.6) (Kruskal- Wallis, Adjusted H = 116.25, p

<0.001). No damselflies placed away from water (LAND-DRY) had more than 2% of
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their mites detach, and for the majority of these damselflies no mites detached. Average

relative humidity differed significantly between the H2O treatment other treatment sites

(Kruskal Wallis, Adjusted H = 15.82, p < 0.001).

Table 5.1. Percent detachment of mite larvae from male and female damselflies placed
over the natural aquatic habitat (H20) or in the and uplands (DRY).

H20-MALE H20-FEMALE DRY-MALE DRY-FEMALE
MEAN 97.9 73.6 0.4 0.6
SE 1.0 19.0 0.4 0.6
N 5 5 5 5

The number of mites per caged damselfly ranged from 14-174. The number of

mites per damselfly differed between H2O and LAND treatments (2 tailed t-test, p =

0.0049), with averages of 57.7 and 97.7 mites per damselfly in H2O and LAND

treatments, respectively. There was no difference in the number of mites per damselfly

between the three treatments (ANOVA, df = 2, 16; F = 0.8128; p = 0.46), with average

infestations ranging from 82.8 to 102.5 mites per damselfly. Linear regression indicated

that there was no significant relationship between the total number of mites and the

proportion of mites that detached in either experiment.

At Stovepipe Spring 31 damselflies were observed perching directly over the

water. Most of them were in a zone of relatively high humidity found above

the wetted channel (Fig. 5.7). Humidity transects taken at Meyer's Canyon also show a

discrete zone of high humidity over the channel, but lower humidities starting at a height

of 0.2 m and adjacent to the aquatic habitat (Fig. 5.8).
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Fig. 5.6. The mean percent (+/- SE) of mites detaching from damselflies placed over the
water (H2O), over a pan of water away from the aquatic habitat (LAND- H2O), and in the
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damselflies were subjected are presented for each treatment.

DISCUSSION

Odonates are more suitable organisms for studying mite detachment of Arrenurus

spp. in the field than are dipteran hosts because they are large, day active, and generally

the most conspicuous members of the insect community associated with the aquatic

habitats. Damselflies infested with water mites were used in short-term manipulative

experiments with relative ease. Caging of insects with engorging water mite larvae, such

as was done in this study, could be repeated with other mite-insect associations.

The small proportion of the damselflies captured in tandem that had mites

compared to those that were scarred or discolored from earlier mite infestation suggests

that most damselflies had lost their mites prior to engaging in reproductive behavior.

Because the scars and discoloration of the metathorax are most apparent on damselflies
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that have had a heavy load of mites (>75), it is likely that my data underestimate the

number of damselflies that had lost their mites prior to becoming reproductively active.

While these data do not provide unequivocal evidence that mites do not detach from their

odonate hosts during oviposition, it is apparent that oviposition is not the only

opportunity for mites to detach from their hosts. This field survey also provides some

evidence that mites detach from both male and female hosts.

Examination of factors associated with host oviposition, whether they be internal

cues (Smith and Laugh land, 1990) or the result of direct contact with water during

oviposition (Mitchell, 1959) was a logical approach to determining what factors influence

mite detachment because the timing of these two events seems roughly to coincide.

However, this explanation is unsatisfactory given the diversity of oviposition behaviors

found among the range of host organisms of Arrenurus spp. and the uncertain fate of

mites attached to male hosts. It is likely that Arrenurus larvae that parasitize odonates

engorge during the maturation (prereproductive) phase when adult odonates spend most

of their time away from the water (Corbet, 1964, Borror, 1934). As host insects mature

and return to the aquatic habitat where mating will occur, the mites have become fully

engorged and are "ready" to return to the water if suitable conditions are encountered. I

propose that as the damselflies mature and spend more time perched over the water the

mites respond to the high humidity associated with the area immediately over the aquatic

habitat and detach from male or female hosts. This explanation does not require a

stimulus associated specifically with oviposition, nor does it preclude detachment from

occurring from hosts of either sex during oviposition.
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The results from both manipulative experiments involving caged damselflies

clearly indicate that mites will not detach when hosts are away from water in the arid

upland habitats. While adult A. vivida with mites frequently have been observed away

from the water, mites attached to these damselflies appear to be at little risk of making the

"wrong decision" about where and when to detach. Mites were unable to detach from

dead hosts that were placed in the dry uplands; they shriveled soon after their host died.

However, in less harsh laboratory situations, mites have been observed to actively detach

from dead A. vivida. It is unclear from these data whether the mites are responding to the

condition of the damselfly or to surrounding environmental conditions; it is likely that

both factors are involved.

Mites detached equally well from male and female hosts placed over the water,

which is further evidence that an environmental stimulus promotes mite detachment and

that direct contact with water is unnecessary. While A. vivida males may remain in

tandem with the female during oviposition, neither the male nor female are submersed

deep enough for the water to make contact with the mites, which are located on the

thorax.

While some mites were able to detach from hosts placed over the simulated

aquatic habitat (LAND-H20), detachment levels did not approach the level of mites

placed directly over the water. It was apparent that the treatment did not succeed in re-

creating the conditions that initiate mite detachment over the aquatic habitat. The

difference in humidity level between the LAND-H20 treatment and the natural aquatic

habitat may have contributed to the inability of mites to detach from some of the
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damselflies. Evapotranspiration by emergent vegetation, which was dominant at the

study sites, is probably influential in creating the humid environment that favors mite

detachment.

For humidity to be a reliable cue for detachment by the mites, responding to it

must provide a high probability of success in making it back to the water so the life cycle

may be completed. Emergent vegetation, including Equisetum, Carex, Juncus, and young

willows (Salix spp.), is a prominent feature of the aquatic habitats in which the

damselflies and mites occur. The maximum height of the emergent vegetation is ca. 70

cm, but from the field observations of perching damselflies at Stovepipe Spring it appears

that many damselflies perch at lower heights that fall roughly in the zone of high

humidity that is found over the aquatic habitat. At Meyer's Canyon, a much larger

aquatic habitat than Stovepipe Spring, the zone of high humidity also occurs in a

narrowly defined region directly over the stream. Thus, mites relying on a humidity cue

would not be likely to detach at an inopportune time should their host perch or forage

even a small distance from the water.

Through a series of field collections, observations, and manipulative experiments

I have built a plausible case supporting the hypothesis that humidity plays a role in

stimulating the detachment of larvae of A. hamrumi from their damselfly hosts.

However, the question remains whether this response is widespread in Arrenurus or

simply a convenient adaptation for existence in arid environments where aquatic habitats

are clearly demarcated by zones of high humidity. Repeating the experiments with mite-
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insect associations in regions with more mesic climates and with different mite-insect

associations in arid habitats would help resolve this question.
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CONCLUSIONS

The aquatic habitats that were surveyed in the sage-steppe of central Oregon

exhibit a range of habitat conditions that can be classified within the general category of

springs. The absence of a woody riparian community and the dominance of emergent

vegetation are distinguishing features of these aquatic environments. The insect

community in the springs is dominated by Diptera, while the other orders of aquatic

insect are poorly represented. The trophic structure of the insect community favors

detritivore taxa that feed on the particulate organic matter derived from herbaceous

vegetation growing in the spring rather than from allochthonous inputs of detritus from

the riparian zone. The springs contain many taxa that do not occur in larger perennial

streams and thus make a significant contribution to the biodiversity of aquatic habitats in

semiarid landscapes.

The survey of spring habitats also revealed a previously undescribed species of

water mite in the genus Arrenurus. Through a combination of field collections and

laboratory rearing, the larva deutonymph, male and female life stages of Arrenurus

hamrumi Anderson and Smith were associated and described. Complete descriptions of

immature and adult stages provide information on important morphological characters

that will aid future taxonomic studies of this unwieldy group of water mites.

The larvae of A. hamrumi are parasitic on adults of the damselfly Argia vivida

Hagen. The overriding feature on the life history of the mite appears to be the need to

synchronize the parasitic phase of the life cycle with the flight period of its host. Mite

larvae occur in a phoretic, nonfeeding phase under the wingpads of damselfly larvae
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throughout the year. Survival during this extended period of phoresy is a life-history

adaptation that allows the mites to locate hosts throughout the year and still successfully

parasitize the adult damselfly during its summer flight season. Mite larvae may cause

mortality of damselflies at infestation levels commonly encountered in the field; thus the

parasitic phase represents a bottleneck in the mite life cycle.

Mites that survive the parasitic phase of the life cycle must drop off their host and

return to the water in order to complete the life cycle. This event seems to coincide with

the maturation of the adult damselflies. It is not dependent on the damselflies engaging in

reproductive behaviors, specifically oviposition, as was previously thought. Mite larvae

drop off male and female damselflies that are over the water, but cannot detach from their

host away from the water. Exposure to high humidity is thought to initiate detachment by

the larvae of A. hamrumi. There is a zone of relatively high humidity directly over the

aquatic habitat where damselflies often perch. Engorged mite larvae thus have access to a

reliable cue for detaching from their host.

The results presented in this thesis are an example of what can be achieved by

following through on the data from a faunal survey. Determining the taxonomic

composition of the biota in semiarid-rangeland springs provided baseline information on

the biodiversity of these habitats and allowed for comparisons with larger aquatic habitats

in the region. It is necessary to describe new species (or have them described by other

specialists) as they are encountered in surveys. Until they are named, species have no

official status and information about them cannot be communicated effectively to others.

By working out the life history of Arrenurus hamrumi, this new species became more
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than a name on a list. The life-history data is a contribution to the growing (but still

incomplete) body of knowledge on water mite biology and to information on spring-

dwelling organisms.
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