
Surveys and conservation genetics of aquatic insect SGCN 
 

Surveys of seven aquatic insect SGCN characterized by low dispersal capacity and vulnerability 
to habitat disturbance will be conducted among intermittent and perennial streams.  Relationships of 
habitat structure and genetic population structures using endemic water beetles will provide information 
on population isolation and potential threats from environmental disturbances (e.g., changes in drying-
pool and habitat-patch spatial structures).  This project will improve our understanding and management 
of instream flows and habitat templates necessary to sustain current aquatic species biodiversity, while 
providing research tools for investigating climate change in Arkansas’s aquatic ecosystems.      
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Surveys and conservation genetics of aquatic insect SGCN 
 

Background - Two endemic aquatic groups receiving SGCN status, predaceous diving beetles 
(Heterosternuta, three species) and five species of winter stoneflies (Allocapnia warreni; priority score of 
80, A. oribata; 80, A. jeaneae; 50, A. ozarkana; 50, and A. malverna; 11) occur in first- to fourth-order 
streams across four major ecoregions in Arkansas.  The low dispersal capacity of both groups presents a 
challenge for sustaining populations in changing environments.  Morse et al. (1993) reported many 
species of stoneflies in the southeastern U.S. are vulnerable to extinction, and evidence of this locally is 
the presumed extinction of the SGCN A. warreni from Clear Creek in northwest Arkansas.  Additionally, 
A. oribata has been collected from only a single locality in Madison County.  A study in Illinois further 
demonstrated the imperilment of the stoneflies with 20 extirpations of 77 total species, and this rate of 
loss was higher than that for both mussels and fish (DeWalt et al. 2005).  Recently, several new species of 
Allocapnia have been described from southeastern U.S. states (Kondratieff and Kirchner 2000, Grubbs 
and Sheldon 2008). It is timely to determine the current distributions of this group in Arkansas because of 
impending land-development within their distribution ranges.      

The endemic water beetles of the genus Heterosternuta may be equally as vulnerable to changing 
environmental conditions as the imperiled stonefly fauna because of their high habitat-specificity.  They 
are intimately linked to relatively small stream margin habitat patches with low flow velocities and 
shallow depths, and mature larvae require stable streambanks for terrestrial pupation.  Recent survey data 
show a distinct separation of H. sulphuria and H. phoebeae populations (Longing and Haggard 2009, 
Longing et al. in review, Longing and Haggard unpubl. data), with the former collected in greater 
numbers from perennial streams and the latter collected in high abundances from baseflow drying pools.  
Within these systems, both species have their own suite of environmental obstacles to overcome.  Key 
among these are habitat fragmentation from land-use disturbances and variation in stream drying patterns.  
These environmental perturbations may result in isolation of small populations on the periphery of core 
population areas.  Under these circumstances the erosion of genetic variability via genetic drift may 
ultimately lead to population inbreeding, lowering of fitness, and a reduced ability to respond to 
environmental change (Amos and Balmford 2001).  Therefore, it is critical to investigate species abilities 
to adapt to environmental stress by determining genetic differentiation among populations.  

Effective conservation approaches must account for genetic population structures and the overall 
influence of disturbances acting on habitat templates and species distributions.  This is important for 
preserving critical habitats potentially harboring high genetic diversity, and for predicting biological 
responses to global climate change.  For example, in an experiment investigating invertebrate response to 
global-warming thermal regime, Hogg and Williams (1996) concluded that levels of gene flow among 
habitats may be critical to the degree of impact seen as a result of large-scale thermal perturbation due to 
global climate change.          

Important questions to be addressed for developing effective conservation strategies for these 
endemic SGCN include:  Are there small inbreeding populations among genetically diverse core 
populations?  Are drying pool refugia core areas of genetic diversity in intermittent streams by providing 
critical seasonal habitats?  Does habitat fragmentation from disturbance lead to intermediate core areas, 
isolated inbreeding populations, or simply extinction and shifts to tolerant communities?  Do higher 
quality habitats maintain larger and more genetically diverse populations?  What effects may climate 
change have on these populations requiring natural, seasonal flows?  Our proposed studies address these 
questions and objectives include to (1) determine genetic population structures of H. phoebeae and H. 
sulphuria among paired perennial and paired intermittent streams with contrasting watershed disturbance, 
(2) investigate relationships of genetic population structures and habitat structures, (3) determine 
biological, water quality, and physical habitat relationships from approximately 40 drying pools (3) 
survey for H. ouachita and four species of Allocapnia at historic locations, and (4) evaluate extinction risk 
from land disturbance and climate change scenarios associated with altered hydrology.  
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Funding priorities addressed - Our proposed studies directly address the implementation actions to (1) 
survey headwater aquatic biodiversity and (2) reduce anthropogenic impacts to headwater streams and 
cave recharge areas for sustaining endemic aquatic populations, and (3) investigate environmental flow 
needs for aquatic communities. At least seven aquatic insect SGCN will be directly affected by these 
studies, with several other SGCN sharing the habitats under investigation (e.g., fish, crayfish, snails, and 
cave invertebrates). 
 
Study locations – Surveys and genetic sampling will be conducted in the Boston Mountain, Ozark 
Highlands, and Ouachita Mountains.  Surveys for Allocapnia will involve many watersheds throughout 
northern and central Arkansas including the Middle Fork of the Little Red River, Big Piney Creek, 
Sylamore Creek, War Eagle Creek, White River, Upper Illinois River, and Kings River.  Many of these 
watersheds are actively involved with water conservation and our studies will complement these efforts 
while highlighting wildlife conservation.    
 
Methods - Four headwater basins that have contrasting land-uses and predominantly intermittent or 
perennial streams will be selected from a candidate list of streams visited previously.  Baseline population 
genetic structures from least affected watersheds will support studies investigating climate-change, while 
population structures from physically disturbed watersheds will support assessments of population 
viability on unprotected lands.  Surveys will be conducted extensively along stream networks within 
selected watersheds (1 – 5 km).  Approximately 3 – 4 adult beetles from each margin habitat (perennial) 
and intermittent (drying pool) system will be preserved in ethanol. In the intermittent streams, we will 
record drying pool locations during baseflow using a Trimble GPS. Pool morphology (widths, length, and 
depth) and substrate type will be recorded for each pool and water quality samples will be collected.  
Using the recorded locations of baseflow pools, we will designate the middle distance between each pair 
of baseflow pools and sample adult beetles from a 100m area at that inter-pool distance during the spring 
wet season.  Streams will be re-visited in fall 2010 for a second assessment of drying pool structure.   
 Population genetic sampling will involve the use of multiple gene regions from both the 
mitochondrial and nuclear genomes to avoid any bias introduced by a single gene. We will target gene 
regions often used successfully in similar studies involving insects, such as cytochrome oxidase I (COI), 
small ribosomal subunit (16S), and internal transcribed spacer regions I-II (ITS). DNA will be extracted 
from a single hind leg of each individual, which will provide ample material for all necessary 
amplifications and sequencing as well as preserve an intact, identifiable voucher specimen. These 
vouchers will be stored in an ultracold freezer as a tissue bank if additional DNA is needed or if 
identification is questioned. 
 We will explore patterns of genetic differentiation using methodologies recently applied to 
conservation genetics of isolated aquatic insect populations such as stream trees (Kalinowski et al. 2008) 
and the headwater stream model (Finn et al. 2007).  Additional population analysis will include estimates 
of adult beetle population sizes and sex ratios of collected specimens.  Distribution and habitat data will 
be compiled for the four SGCN winter stoneflies and for H. ouachita.  Allocapnia surveys will involve 
walking distances along stream margins and collecting adults from riparian trees, fenceposts, snow 
patches, and other structures.  In addition, aerial nets and beat sheets will be used to sample from 
streamside vegetation at historic locations.   
 
Measureable products and outcomes - We will integrate our work associated with these unique water 
beetle populations into a growing body of international scientific literature associated with conservation 
genetics of aquatic insects.  Multiple publications will result from this work related to basic ecology and 
conservation genetics and landscape approaches to aquatic species conservation.  Other outcomes include 
updated species distribution and habitat data for the AWAP database, maps of isolated pools structure 
over two years, and development of headwater habitat classification strategies for all associated SGCN.     
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SWG Match Total
Salary/Benefits
    Faculty (3) and post doca 38,000 41,484 79,484
    GRA support (2) 0 12,160 12,160
    Field Assistant/Aquatic Ecologist @ 80 hrs 0 4,500 4,500
Operational Expenses
    Travelb 7,260 1,000 8,260
    Genetics Analysisc 30,000 0 30,000
    Genetics Equipment (10%) 0 4,610 4,610
    Water Qualilty Analysis 4,500 0 4,500
    Specimen vials and ethanol 600 0 600
    Curatorial Resources - UALR 0 3,500 3,500
    Curatorial Resources - UAF 0 3,500 3,500
Capital 0 0 0
    Indirect Costs (15%)d 12,054 0 12,054
    Unrecovered Indirect Costs (27%) 0 21,697 21,697
Totals 92,414 92,451 184,865
aLonging (41.7% time), Huxel (8.3%), Dowling (20%), and Yanoviak (5%)
 38K SWG funds will provide 5 months/year for post doc funding
b8000 miles @ .42 per mile, per diem 100 days @ 30.00, Lodging 15 days @ 60.00 
capproximately 200 specimens processed
dNegotiated rate between UA and AGFC

Existing resources – Equipment and laboratory space will be provided by the three faculty including 
equipment for genetics analysis, sample processing space, microscope/camera, Trimble GPS unit, field 
equipment, computers and software, and vehicles.  Camping equipment will be provided per person.     
  
Budget – Major budget items include partial salary of the project manager/post doctoral research 
associate and the genetics analysis.  We sought project cost reductions by using housing provided by 
BNR and with overnight camping at study sites.  Although not included as full expenditures in the budget, 
the approximate value on all field and laboratory equipment was estimated at 55k.  Additional budget 
justifications are provided as footnotes.       
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Qualifications: 
 
Dr. Longing is a post-doctoral research associate at UA with research focusing on applications of 
invertebrate communities in stream restoration, biological monitoring, and freshwater conservation.  He 
has recently submitted work to Environmental Management involving ecological restoration strategies 
using invertebrates at the Watershed Research and Education Center in Fayetteville.  Dr. Longing 
research is focused on aquatic insect conservation and species distributions in remote headwater locations 
in Arkansas, and he is currently collaborating internationally for the description of the previously 
unknown larvae of the endemic H. sulphuria.  Past PhD graduate work while at Virginia Tech involved 
investigations of sedimentation impacts to benthic macroinvertebrate assemblages in Southern Blue Ridge 
headwater streams. 
 
Dr. Huxel is an Assistant Professor at the University of Arkansas in the Department of Biological 
Sciences.  He received a Ph.D. from the University of Tennessee in 1995 in Ecology.  He was a postdoc at 
UC-Davis from 1996-2001, was an Assistant Professor at the University of South Florida from 2001-2005 
and has been at the University of Arkansas since 2005.  Dr. Huxel has published over 20 journal articles 
and book chapters and has also co-edited a book entitled “Food webs at the landscape level.”  His 
research is on stream ecology and conservation biology. 
  
Dr. Dowling is an ecologist and evolutionary biologist whose primary research uses systematics to study 
biogeography, coevolution, and the evolution of parasitism between arthropods and associated organisms.  
His projects address questions of gene flow, population migration routes and invasive pathways, and 
population genetic structure.  Dr. Dowling has extensive national and international collaboration and he 
conducts and oversees genetic analysis with a state of the art laboratory in the UA Department of 
Entomology.  
          
Dr. Yanoviak is a professional insect ecologist with ca. 20 years experience conducting research on 
temperate and tropical aquatic insects.  His formal training includes an MS degree in aquatic entomology 
(stream insect diversity in Michigan), a PhD in zoology (ecology of aquatic insects in Panama) and 
postdoctoral research on aquatic insects as disease vectors (mosquito ecology in Peru).  His research 
results have been published in top journals (e.g., Nature, PNAS), and received international media 
attention (e.g., The New York Times, National Geographic).  Dr. Yanoviak oversees the UALR insect 
museum and is one of the most productive faculty members in the UALR Biology Department. 
 
P. Andres Bacon is a Ph.D. graduate student in the Biological Sciences Department at the University of 
Arkansas. His dissertation research is focusing on mayfly biodiversity, habitat associations, and 
environmental disturbance in Arkansas’s streams.  Andres has assisted with extensive endemic beetle and 
other aquatic insect collections in the Buffalo National River watershed and other major watersheds.  
Andre’s research is devoted to accurately cataloguing aquatic insect biodiversity in Arkansas with focus 
on the Ephemeroptera.      
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