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technician with the Virginia Department of Conservation and Recreation. She hasiveorite
lived in New River Gorge National River in West Virginia, but lately has ambled slightly back east
to work with VOF, applying her love for exploring and analyzing the outdoors on the daily.

When not working, Summers can be found painting and dravaatures of the natural world,
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scientific research, and making science more accessible to the general public.
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Section Onelntroduction

¢KS +*ANBAYAIl h dBURRURMdENtaDLNEYirRl IAréaiPReyefyé
(BRMNAP) is a ~2,500 acre liMadgpratory and operair museum that sits in the backyard of
2 dzNJ y I G A gsgeRgure O 1Ad Msiatelésignated Natural Area Preserve, its stewardship
is dedicated to maximizing the scientific and educational potential of its natural and cultural
resources, while ensuring the most pristine natural habitat possible.

BN e
g Preserve

Figurel: Location of VOF's Bull Run Mountains Natural Area Preserve relative to
Washington D.C. and other notable landmark features irstireounding area.

Tobestmeet these objectives, The Preserve is divided into three sections and management
units (seeFigure 2.

InauguralFellowship Program

+hCQa CStf26aKALI t NEINIY gl & RSOSE2LISR (2
opportunity to gain experience etdeveloping and executing a research project in their chosen
interest area. While providinthesekey early career opportunities, thisgmgram also helps
BRMNAP fill areas of specialized expertise and build internal capacity in the arenas of scientific
and historical research, program development, multimedia, and/or other special projects that
otherwise may not be possible withur small tam offull-time staff.
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Bull Run Mountains
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%! SECTIONS OF
A| THE PRESERVE

< o RESTRICTED ACCESS

NORTHERN SECTION

The North Section is not open to public
visitation. VOF does issue access permits
to educational classes, environmental
groups, and researchers. Tightly managed
use and visitation is critical to the long-
term sustainability of this pristine and
delicate section of the preserve.

'4 o RESTRICTED ACCESS

JACKSON HOLLOW

Jackson Hollow is not open to public
visitation. VOF does issue access permits
to educational classes, environmental
groups, and researchers. The site houses
our research station and is home to our
stream restoration area and native

brook trout releases. These activities are
led by VOF staff, who are working with
area schools, stream experts, and

Trout Unlimited's Trout-in-the-Classroom
program.

h, e FRI - SUN ACCESS
e GO SOUTHERN SECTION

The South Section of the preserve is open
to the public on weekends during
designated hours. It features approximately
7 miles of trails and allows visitors to
explore a range of natural habitat types.
Cultural ruins dot the trail system,
revealing the preserve's diversely peopled
past. The Potomac Appalachian Trail Club
and loyal volunteer base kindly assist VOF
in the continued maintenance of our

e X &S " § | trail system.

Figure2: The Preserve's three management sections

2020 Natural Science Fellowship

aSNBRAGK | NI &ASNIBSR a4 xANHAYAlI hdziR22N&
Science FellowHerNE & S| NOK LINP2SOG FAYa (2 LINRPOARS (KS
public with a better foundational awareness of the insect biodiversity that iSs O SR 6 & + h (
Preserve at Bull Run Mountairideredith completed this fellowship in the allotted 360 hours,
with the support of VOF Preserve staff and volunteers. In 360 hours, our team went from
project design and development, to fieldwork, to taxonendentification, to the preparation
of a photographic guide to the specimens collected, as well as the completgavefalpublic
outreach and engagemeintitiatives

CKAAa NBLR2NI O2yidlAya GKS FStf2¢aKALIsSLINERdzO
captured during these eight weeks of inseotlectingare preserved in ethanol and fully
publicly accessible to any researcher interested in building upisrproject
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VOF Research Publications and Community Reports: A note to the reader

In additionto the Fellowship Program, thisOH-ellowship Reporalso formally
introduces another new concepi, K Sirgidia-Outdoors Foundation dzo f A OThisi A 2 y ¢ ®
publication seriesvill provide us with the forum to immediately communicate project
deliverabledn the necessary technicdktail, but alsowithin a mannerthat strives to be
approachable and accessible to the communities that we serve. Thisifgstia Outdoors
FoundationPublication ighe FellowshipReport focused oour inaugural 2020 Natural Soiee
FellowshipProject

This report divides the deliverables of this fenonth research project into five main
sections. While this guide can be consumed in its entirety, each section is designed to be
understood andaccessible aa standalone document

Though theseeportsaimto disseminate relevant information related to our work in a
timely fashion, further analyses of data will be performed to answer targeted research
guestions. The outcomes of those analyses will be submitted to appropriaterpeiemwed
scholarly journal$or wider specialized publicatiofror those reasons, data may not always be
included in full. These reports instead act as an initial platform of a given project that will
hopefully continue to be built upon over time.

Impactsof the 2020 Natural SciercFellowship

This project resulted in a number ofitcomes that contributeo the scientificand
educational value of the Preserve. These metnigkssurelyonly amplifyas time enables usith
opportunitiesto continue to buildupon this foundation

In addition to the scientific and management vallderedith engaged with the
Preserve community in a number of wapssummary ofscientific andengagementelated
impactsare quantifiedon the following two pages.

In addition to what is contained withithis report, there wergegularsocial mediand
blog postghat invited our followerdo join Meredithin herjourney as the Natural Science
Fellow¢ and learn some new things about insects along the waylmber of volunteer
Community Scientistassised Meredithin the field during hemtense field collecting efforts
and Meredith even &d multiple entomologically focuseduided hikegor both kids and adults
(whichare capturedin the following two pagedzy RS NJ a/ 2YYdzyAYié L YLJ Of
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Scientific Impacts to Date
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Public Engagement Impacts to Date

#sciencesaturday;
social media
posts

Field Assistance Community
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SectionTwo: Insect Biodiversity ofhe Preserve at Bull Run Mountains
1. Introduction

Global nsect biodiversitylemands further study and possillgervention, asinsect taxa
are in decline across many regions of the plaiMontgomery et al. 2020Because of its
permanently preserved statyseahy & Erdle 2004), its uncommon element occurrences and
closely monitored management practices (Flemi8§9,Fleming 2015and its 10 distinct plant
communities(Fleming 2002, Fleming 2016, Fleming, 20BRMNAP serves as a unique site to
observeand studyinsect biodiversity

Prior research on insect biodiversity within tBell Run Mountainkas beerrelatively
extensive if targeted

The most recent endeavor was the Department of Conservation and Recreation
5SLI NIYSyd 27F bl DNENInventory®mNadult dragbriliés ardd Sldmaselflies
(Odonata) (Hobson 2019).

Dr.Dave Smith an®r. Oliver Flint have, over the past nine years, colleced studied
sawfly(Hymenoptera) and caddisf{Jrichopteraspecimens throughout the Bull Run
Mountains (Smith 2006mith 2013Flint 2014 Flint 2017. With thirteen trappingsitesbeing
utilizedover a nine-year periodto target select streartlependent specieamong many of
their successes welthe documenttion of 223 of the 345 sawfly species that have been
recorded in Virginiad  NRBdzy R cpz 2F (GKS adlidaSQa 1yz2s6y alg¥

Dr. Arthur Evansnd colleagues haveeavily contributed to the understanding of beetle
diversity within the mountainsdescribing the natural history, distribution, defining
characteristics, and taxonomic status of over 10 spe@®ans 2008d, Evans 2011, Evans
2012, ans and Steury 20)2The wealth of past information on insect biodiversity at the
Preserve provides aecessargpringboard for thisnore broadlyfocusedfellowship project

BRMNAP serves as a biodiversity hotspithin Northern Virginiaand continuedresearch
will only elevate itsumulative scientific importaree Although thisstudy presentonly one
aSlhazyQa ¢2NIK 2F RFEGFY | yR (KBWSB&HmRNSN K & Ada
importanttime-a | Y Isigypshoéinto insect biodiversity. As sucthis datamay become
essential toestablishing future patterns of change in community structure and biodiversity.

A fragmented habitat is one with areas of divergeg8 FNR Y |y 2NHI yAavYQa L
These can occur naturally (grassland to forest, cenotes, etc.) or as a result of human
disturbance(such as urbanizatigninsect behavior within forests is often linked directly to
fragmentation and border presenga significant number of insects prefer ovipositing on the
fragmented edges, the edges displaying greater levels of communal variability &®etsam
2006).With this in mind, pnetration of external forces into fragmented ecosysteras
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increase variaility by creating more edge habitat, while negatively impacting overall diversity
and natural compositions for that habitat

Species with a higher trophic level and larger body sizes are at the most risk for extinction
when their habitat fragments, whilsmaller species with increased adaptability generally
survive the temporal gap. BRMNAP-%500 acres currentlseparated intahree non-
contiguoussections Because Presergewardshipends at certainboundary linesdepending
on the land usage and pservation status on properties along these Preserve boundahes,
ecological disparitieacross the Bull Run Mountaineudd be a result of fragmentation similar
to the effects seen on protected land vs unprotected land that borders it. Especiallyléoryco
species (such as ants) with displayed territoriality and multiple species per one forested area,
this could be an interesting way to monitor species diversity across areas, and see how human
activity fits in with fragmentation activities to contribute habitat loss and decreases of
dominant species.

G. AZRAGSNBAGE Y2YA(l2NAY3IE NBFSNE (2 20aSNDAY
track variations in ecosystem communities over time (Detral.2007). At the present time,
mostbiodiversity studies rely heavily on the presence of arthropod, specifically insect,
communities (Hallmamet al.2017). Beetles are the most widely used invertebrate as an
indicator of biodiversity in the northern hemisphere (Silva et al. 2017). Howants are the
most favorable species for conducting biodiversity analysis, as their high diversity and biomass,
easy collectability, short generation times, and sensitivity to environmental change highlight
them as the ideal taxa for ecological indicatiardaconservation projects (Peek al. 1998).

Ants are an ecological indicator in tropical ecosystems, given their prevalence and quick

response to changes, and are used commonly as a way to evaluate whether or not an

environment will recover from damag®dghlgren et al. 2012 Though ats are not the only

species used to evaluate biodiversity, other spebi@ge been utilized iestablishing whether

or not insect communities have an established effect on the plant communities present (Silva et

al. 2017). Astudy done in Northern Australian territory found positive correlations between ant
communities and other invertebrate taxa, as well as plant species. This is potentially due to
FyidaQ RAFFSNBYU AYyUGSNI OGA2ya g A iltes tdlegiiteadza 06 Sy
microclimateL y G KS FdzidzNBs GKSasS sAatf 6S SEOSttSyd |
endeavors. However, we began an inquiry into the insect biodiversity of the Preserve in general

to set the stage for diving into more nuaresearch topics.

While certain species can be used to indicate an environments robustness, this is not a
foreverr-measurement of how well that environment will be able to adapt to chanties,
range fom climate change, tmatural disastersto increa®d urbanization. One currently
studied change in northern temperate ecosystems is the effect of habitat fragmentation on
smaller fauna (insect communities) (Schlaepfer 2018). Insect behavior changes along the edges
of these fragmentsincreased transiencbetween species and more oviposition occurs along
these areas than in more dense parts of the for@&sthlaepfer 2018 Through biodiversity
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monitoring, different species are collected and evaluated against one another in order to find a
correlation.Becaa S 2F yiaQ NR{tS a I 0A2AYRAOFG2NI I YR
positive correlation between ant diversity and surrounding species divg&itylaepfer 2018

An unexplored aspect of this, is how separate ant communities (and the teafitpibetween

GKSY0OL AYLI OGa G4KS FE2N} FyR Fldzyl LINBaSyad Ay
can be considered a level of mieflmgmentation present on the species level.

Although ants and beetlemake for useful spotlights when discussthg principals of
insect biodiversityafocus on thecomplete diversity is critical to monitoring and conservation
Not only tobetter document and trackpecies survival rateturing anongoing insect
apocalypse @ chezBayoand Wyckhuys2019), but becaseseveral disparatepecies are
often important indicators of environmental health for differg habitats. Many aquatic larvae
(Odonata, Plecoptera, etc) are indicators of water qualitgdmus et al. 2030Through
continual study ancnalysis intothe total composition of insects on the preservehetter
understanding of insect populations, tipgant communitiegshey depend uponand aquatic
healthmay begin to emerge.

2. Materials & Methods

Over the course of Jurggtember 2020, the insect biodiversity of Bull Run Mountains was
investigated by our Fellowship team. Our Natural Science Fellow was allocated 360 paid hours
that would include project design and development, fieldwork, specimen sorting and taxonomic
identification, the preparation of a photographic guide, a series of blog posts, and weekly
#sciencefellowshipsaturday posts on @bullrunmountains social media account.

Our focus was to identify and analyze insect biodiversity athesPreservespecifically
within the North Section and Jackson Hollow Section. Although we took a few exploratory
surveys within our South Section, it was excluded from this initiatéalle study for the sake of
time.

Five differentinsect collectiortypes were used over the car of seven weeks, late May to
late July. Aerial, aquatic, and terrestrial environments were sampled, andoedlelation
methodwas set up and collected weekiyollectiontypes included: pitfall traps, three different
aquaticcollection methodsand swee netcollection methodsSpecimens were preserved in
ethanol, identified down to family level using a macroscope and relevant reference literature,
then catalogued and analyzed to calculate biodiversity metrics.

3.1 Materials
Materialsorganized bycollectiontype:
Pitfall traps

39 red solo cups (per weeltansferredto vials and jars once in the lab
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1 trowelto dig holes for placement

Approximately16 liters of waterspread between trapsach with a drop obawn dish
soapf RRSR (2 { KoSatcibNgaselQate tHatRisj vz drployed instead of
ethanol as it effectively deterred the tampering of traps by black beahs(s
americanu} and also acted as an overnight field preservative agent

The ingredients in Dawdish soapAlcohol Denatured, C106 Alkyl dimethylamine

Oxide, Colorants, Fragrances, Methylisothiazolinone lRBE&4/PPGL6 Copolymer,
Phenoxyethanol, PR&6, Sodium Chloride, Sodium Hydroxide, Sodium Laureth Sulfate,

Sodium Lauryl Sulfate, Wat€€911 Pareth86 ¢ 5 ¢y ! f GNF 5AAK@l A KA Y -
Soap, Original, 8 Fl ©8martLabéMe Y. ®R ® 0

Sweep netollection method
1 sweep net, 8 glass jars (per week), Bdbethanol.
Aquaticcollection methods
1 pool net (hard), 1 pool net (soft), 1 pondt, 8 glass jars (per week), 640z of ethanol.
3.2 Methods

Three differentcollectionmethods are used to assess insect biodiversity across the
North and Jackson Hollow Sections of the Preserve, once a week over aweekhperiod
from June to August. Pitfall traps, used to assess terrestrial arthropod diversity, are distributed
in the two sections of the Preserve at 13 individual sites, with three pitfall traps per site. Sweep
net collection methodsare conducted atdur individual sites throughout the two sections.
Aquaticcollection methodsare conducted at eight individual sites alodgngry Run and
Catharpin Creek in the North Section and Jackson Hollow Section, respectivétiguses for
locations of eacleollectionsite throughout the corresponding sections of the Preserve. From
eachcollection site specimens collected are idiined to family level and stored for permanent
preservation.
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Figure3: Pitfall, Aquatic, and Sweepi@pllectiorsites across
the North and Jackson Hollow Sections of BRMNAP.

Pitfall traps

Pitfall traps are placed once a week in 13 separate locations across the North Section
and Jackson Hollow of BRMNAP (Begure 3. Three individual pitfall traps are placatleach
trap location marked ifrigure4, totaling to 39 individual traps. At each site, the three traps are
placed within a 1éneter radius, but never placed within the exact same spot within this area
to account for territoriality of insect colonies awther factors that may induce the same
species to encounter the same paths. If a territorial, social species with a specific pathway
encounters a trap multiple times, it could impact the biodiversity conclusions, as the species
richness will be skewed the direction of that species.

To place the traps, an 8 inch hole is dug with a trowel, the pitfall traps (red solo cup)
were placed inside, and the edges of the hole were filled in with dirt, creating a smooth surface,
and then the cups were filled witlihe dawn dish soap solutionThe water was prepared with
Dawn Dish Soap and acted as a killing agent for the invertebrates that fell into the cup. Traps
were left out for a 24hour period.
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Figure4: Pitfall traps across thorth and Jackson Hollow Sections
BRMNAP. Three individual pitfall traps are placed at each site sh
in the map.

AquaticCollection Methods

Aquaticcollectingis done once a week for anf®ur period at eight individual sites
across the sectionsf@atharpin Creek in Jackson Hollow and Hungry Run in the North Section
(seeFigureb). Three differentollectiontypes are used to collect a representative diversity of
aguatic species at each of the eight sites.

A pond net is used for skimming the sagé of the water to capture those invertebrates
residing on the surface. Generally, five passes (or samples) with the pond net across the surface
are conducted at each of the eight sites.

A hard pool net is used to capture and sample invertebrates thaolwuimto the
sediment at the bottom of both creeks. Collection with this net involves digging into the
sediment at the bottom of the creek and sifting through it, to reveal invertebrates. The
sedimentis sampled five times per site.

A third net, a small ahsoft pool net, functions as a kick net and is used to catch insects
floating downstream at each of the eight sites. This net is placed at the bottom of the creek,
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facing upstream and weighted down with rocks for a total of 30 minutes. In the last five
minutes, the researcher moves upstream to disturb the sediment (kicking & shuffling sediment
with boots) in order to dislodge specimens.

Bull Run Mountains

Natural Area Preserve
Insec: Biadivesity Study
Collection Sites

2020

. Aquatic Collection
Sites

== Orange Trail
— Purple Trail
== ATV Trail

— Roads

tau vl 200

J/\CKSO‘I"\,I
HOLLOW | f#

Figure5: Aquaticcollecting siteplaced on Hungry Run in the
North Section (At A4) and Catharpin Creek in Jackson Holloy
(A5¢ A8).

Sweep Ne€ollection Method

Sweep netollectingis performed once a week abdir different collectionsites across
the North Section and Jackson Huall¢seeFigure6). A sweep net is swept across areas with
high grasses and dense herbaceous layers for 10 minutes at each site. Multiple passes with the
sweep net are conducted at each site for the entire 10 minutes. Insects within the grasses and
herbaceous layers are ptured within the net, then collected and placed into jars with 10z of
ethanol for preservation for remainder of field day.
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Figure6: Sweemet collectionsites in the North and Jackson Hollov
sections of BRMNAP.

Preservathn and Identification

As with sweep net protocols, specimens from eaohectingmethod are euthanized in
a small jar containing 1oz of ethanol, in which they are preserved for the remainder of the field
session. Once in the lab specimens from each field jar are rinsed to remove excess debris and
soil, then sorted into small vials awding tocollectiontype and location, and labeled with
date, collectiontype, and location (e.g.-B4-2020, AquaticA2). Each vial contains ethanol to
ensure properlongterm preservation.

Specimens in each vial are then analyzed undeaeroscope and identified down to
family level An entire list of specimens collected is housed internally and available upon
request.While working through the identification process, photographs are taken of each
specimen for the creabn of a photograplit guide. This photographic guiderves as aseful
tool for further inquiryinto, and education onthe insect biodiversity of BRMNAP.

3. Analysis

Once identified down to family level, all data is catalogued int@®are! file and
analyzed witlthe alpha dversity statistic.
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Alpha diversity is the average species diversity in an area. Alpha diversity applied to this
study shows the relative diversity at every individual pitfall, aquatic, and sweegoliettion
site. This measure of diversity, taken abadl scale, is important for future comparative
density work in the BRMNAP to calculate the relative increase or decrease of local species
diversity over time. Documentation of the trend of species diversityidantify patterns and
indicators to observettends, such as the presence of environmental stressors or overall
ecosystem health decline.

Each individuatollectingsite is analyzed using alpha diversity and presented in graph
format. See Appendi&to see all figuresepresentingalpha diversityfor eachcollectiontype.

Further specialized analyses will be performed by Preserve staff to answer questions
pertinent to submission to peereviewed scholarly journals.

4. Discussion

2 KSY FylFfelTAy3a !fLKF 5AFSNEBAGE IMdGightka 27T
weekcollectingperiod, an important aspect of the project to consider is that the pitfall traps
were placed in the same or similar locations every week. Traps were placed avitBimeter
radiusof where they were the previous weekhis slight weekly adjustment was in place to
reducethe impact of social foraging insect behavihile still reliably sampling the sani®-
meter area.lt is possible that abiotic and biotic factors were influendimgir results (Ishayat
al. 2018). One biotic factor that routinely impacted these terrestrial trap sites was bear activity
(and/or other mammal disturbances). Gime occasions it was discovered that 1+ trap out of
each 3 had been dug up and mangle@iparticular area, and specifically the diversity for trap
site P5 may have been impacted by this activity, as the animals had a higher activity in this
region(seeFigure 3. Although ethanol and isopropyl alcohol have been defined as the most
effective Klling agents for different insect tragSzinwelsket al.2012) due to theissues we
experienced with bear tamperinthe dawn dish soap solutionassubstituted,and the
problem decreased

Alpha diversity among each different site is not impactedlivgrsity of the otherand
is one of the reasons that a gamma diversity analysis was overlodkedgamma diversity
statistic is a hbstic approactthat would have been comparing three different habitataus
the populations within them may have diggkd significant diversity according to the test
which would have impacted overall conclusions about the biodiver§iBRMNARBynum
n.d.).

From reviewing the alpha diversity statistics, we can ascertain that pitfall tapg the
greatest number oépecimens from each family but are similar to sweepawdiectionsin the
total number of insect families present themselvébis means that the grassland living
hemipterans most commonly captured in swemegt collection methodsre able to live
together in larger numbers than groudiving arthropods, with the exception of ants, which are
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social insects. Tallgrass prairie is one of the most endangered ecosystems in the United States,
with much of it at risk due to farming, and shese microhabitats that can still support insect

life in droves are crucially important in understanding how these insect communities live
together (Hamilton 2005).

Aquatic insect alpha diversity was consistent over the summer, with increases irlrainfa
typically bearing the most correlation to spikes in diversity among different sges €t al.
2012, although this may be more detrimental than beneficial. For many of the insects
observed, their predatory status is reliant on being able to hide fpoey before they ambush,
and a heavy rainfall on shallower aregsaiticularly in Catharpi€reekin the North Sectioh
could uproot ecosystems, since it impatiie predatorprey dynamic.

5.1 Agquatic Data

Each aquaticollectingsite offered differentévels oftotal specimens collected.
Subsequent graphs illustrate this disparity between each site (see App&RdixiresAl ¢ A8).
Alpha diversity tests were performed on eaabllectionsite, accumulating all species present
over the summer in order toayuge the diversity of each area, and the comparisons between
different areas. This test is important in understanding biodiveditgquatic speciesas many
of these species are ecological indicators, and their future presence or absence will be
indicative of changes iwater quality.

Over the course of the summer, the number of specimens collected varied with both
rain flow and season. Jackson Hollow was observed to be the most specious. This could be due
to Catharpin Creek in Jackson Hollow being deeged the mixed sediment allowing predators
such as Plecoptera and Odonata ample feeding grounds. Softer sediment typically harbors
predators more easily than rocks/pebbles, as these opportunistic feeders need to both disguise
themselves and ambush preyigkly. Caddisfly larvae were more prominent in North Section
collectionsites on Hungry Run, once again due to habitat preferences. Generalists between the
two macrclocations (North Section and Jackson Hollow) were Hemipiretae families
Gerridae and/eliidae. These predatory insects are predators and scavengers, and some species
(in Veliidae) are social hunters, which explains their large numbers across both areas.

Aquatic data is primarily important in monitoring water qualiyd as Catharpin cek
liesalmost completely within the boundary of BRMNARs likely that the chemical
composition will remain the same (HunieMacDonald, and Cart@010, Cadmus et al. 2020
This data will be valuable ®RMNARN areas of development withitihe preserve such as the
trout-release project within Catharpin Creek

5.2 Pitfall Data

Pitfall trap data displayed less overall specimen presence per species for the summer,
but an overall greater diversity than in Aquahtiabitats (see AppendikFiguresA9 - A21). This
is due to the variety of microhabitats sampled via pitfall traps across BRMNAP.
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Over the course of the summer, the largest pitfall trap concerns revolved around 1)
capturing vertebrates, and 2) beand racoonimpact. The presence of bears and raccoons on
BRMNAP bore a significant concern for the wellbeing of traps. Halfway through the trapping
season ethanol was replaced wite dawn dish soap solutigrvhich made preserving
specimens a little more diffidt) but decreased the occurrence of traps being dug out of the
ground. All traps removed by foraging animals were recovered, and no plastic was left in the
trapping sites. Over the course of eight weeks, only two vertebrates fell into the pitfall traps.

Dominant families represented in specimens collected included ecological indicators
formicidae and olioponegharvestmer). Because there were so many different species,
observing trends is difficult without further analysis. Theoriesafoexplanation othe
differences in species between traps include elevation, habitat specialists, and the community
dynamics between different species (EG: the presence of parasitoid wasps in correlation with
their prey specific species).

Terrestrial data largely indicatéise presence of numerous microhabitats among the
different areas oBRMNAPMicrohabitats are buffers after deforestation evenisfluential in
determining response by animal indicator grougasd increase diversity in terrestrial areas
(Bogoniet al.2013, Mehrabiet al.2014, TorossigrKordas, and Helmutk016). Future research
with this dataset will allow researchers to compare test results to the different ecological areas
of The Preserve, and monitor changes in diversity.

5.3 SweefNet Data

Sweep net data was comprised almost entirely of Orthoptera and Hemiptera (see
AppendixA FiguresA22 ¢ A25). Many of these species are gragsecialists, with camouflage
enabling them to live and hunt in the grassy and open areas of BRMNAP. The lafge=tabf
between insect presence on the North Section and Jackson Hollow came in the form of
predatory species. Mantids were far more common in Jackson Hollow, perhaps due to its dense
forest covering around the meadow (sEaure 4 collectionsite S4), allowing juvenile mantids
to seek arboreal cover once they grow older.

The insect presence in the North Section was incredibly sparse for predator species. The
most common species were Orthoptera, specifically different kinds of Katydid. When
identifying the insects found, one challenge was that many species were still juvenile, and
either (in the case of mantids) lacking identifiable characteristics in terms of patterning, or
completely different to the adult forms (all Pentatomidae nymphs).

In the beginning of the summer, calligrapher flies were a dominant species among
sweep net specimens, but as the summer continued, they only made up a small percentage of
the final volume. After heavy rainfall (and during rainfall of any kind) less spesiwene
captured, but the volume of specimens between sites did not typically change depending on
the time of day.
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Future uses for this data include an analysis of the graminoid composition as herbivory
alters compositior(Hartley, Gardner, and MitcheR003). Another area of concern for

BRMNARA Y I GdzNI £ LI I yd O2YYdzyAliASa | yRisthKS Ay aS(

influence of Joinheadgrass(Arthraxon hispidusand Japanese stiltgrasdi¢rostegium spp.-
commonVirginiainvasives dependent m elevation.Spraying and pulling are the best methods
to be employed for control of Japanese stilt gragny different insect species both feed upon
and parasitize thgoint head grassso control efforts could be examined througargeted
biological agats with that grass species.

5. Conclusion

6.1 Determining insect biodiversity of BRMNAP

Pitfall traps display the most consistent diversity compared to aquatic and sweep net
collections This could be due to the higher number of trap sites authsequently, the number
of specimens, but also to the fact that there is typically more habitat variation among terrestrial
arthropods due to microhabitat differentiatio(Nittérusand Gunnarsso2006).

There were the greatest spikes in habitsised bialiversity among sweep net
specimens. Of the dollectionsites available for sweep nebllecting 1 was a high altitude
location with blueberry bushes, 1 was a low elevation location with ferns, and 2 were (on
opposite ends of the preserve) areas of sanglevation with tall grasses. Tall grassesev
obviously the preferred habitat for sweep net species, and of the mutual specimens between
locations there were onliptera, Odonata, and somé&oleoptera overlap, as the specialized
plant Hemiptera (andOrthoptera) were confined to those more open areas. Aquatiliecting
revealed greater diversity in two locations: 1) the preferred habitat of the families
Gerridae/Veliidae, are deep areas with much overhang shade, and a small current. This is due
to their predatory nature, and social hunting behaviors. Odonata and plecopteran species were
more commonly found in shallow areas with a loose pebble cover, which allows these ambush
predators to hide from their potential prey. Caddisfly larnf@echoptera)vere non-
discriminatory, as tafamilyin questiondetermines habitat on a species level, and thus both
free floating and hidden forms of larvae were identifikd N I YA S6S ¢2 Yl y.2 | yR

6.2 Areas for Improvement

Some faws in the experimental degn and methodologiesvere countered early on in
the project when ethanol was used to bait pitfathps,they were subsequentlgisturbed or
destroyedby blackbears(Ursus americanysToavoidfurther losses to bear activitywo
weeks into theproject), ethanol was swapped for a dish soap soluagrtheinvertebratekilling
agentand preservativeWhilepitfall traps were dug up at less frequent intervals udinig dish
soap solutionbear activity still continued to contribute to an overalss ofpitfall data.

Y |

Another area for improvement could be that this project was limited iK dzY I y :LJ2 ¢ S NE

increasing the biodiversity measurement team by even one person has a drastic significance on
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the amount of data collected (as displayed in aquatitectingwith the additional volunteer).
Since biodiversity calculations rely on the accuracy and detail of widespread, equidistant
collectionsites, adding another person #ssist with field workould have both enabled this

project to increase in sizeand accuracy.

6.3 Future plans

Thespecimens from thistudyare nowLJr NIi 2 F + h CQa and®Bilib8 | NOK K 2 €
available to future researcheré. priority $1ould be identifing these collectiont finer
taxonomic scaleasidentification wasonly ableto be completed down tahe family level
during this study (due to time restrictions).

Select specimen byatch is also being prepared to be utilized in educational and science
accessibility programming with-22 students, university students, and for better training our
many dedicated community/citizen scientists.

The data from this studig currently being utilized in research that should result in
publications being submitted to pe@eviewed journals by VOF staff, fellows, and research
associates. The data will also help the Virginia Outdoors Foundation make better informed land
managemat decisions.
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SectionThree Appendices to the Technical Report
Appendix A

AlphaDiversity Graphs
AquaticCollectiorSites- Alpha Diversity Graphs
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FigureAl: Alpha Diversity of aquatipllectionsite A1 on Hungry Run in the North Section. The graph shows total counts of
specimens collected at thisllectionsite throughout the entire eight weeks. Specimen counts are separated according to family

identification.
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FigureA2: Alpha Diversity of aquatiollectionsite A& on Hungry Run in the North Section. The graph shows total counts of
specimens collected at thisllectionsite throughout the entire eight weeks. Specimen counts are separated according to family

identification.
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FigureA3: Alpha Diversity of aquatiwollectionsite A3 on Hungry Run in the North Section. The graph shows total counts of
specimens collected at thisllectionsite throughout the entire eight weeks. Specimen counts are separated accordingljo fam
identification.
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FigureA4: Alpha Diversity of aquatiollectionsite A4 on Hungry Run in the North Section. The graph shows total counts of
specimens collected at thisllectionsite throughout the entire eight weeks. Specimen counts are sepasatexiding to family
identification.
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FigureA5: Alpha Diversity of aquatimollectionsite /5 on Catharpin Creek in Jackson Holl@we graph shows total counts of
specimens collected at thisllectionsite throughout the entire eight weeks. Specimenntsare separated according to family
identification.
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FigureA6: Alpha Diversity of aquaticollectionsite A6 on Catharpin Creek in Jackson Hollow. The graph shows total counts of
specimens collected at thisllectionsite throughout the entire eight weeks. Specimen counts are separated according to family
identification.
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FigureA7: Alpha Diversity of aquaticollectionsite A7 on Catharpin Creek in Jackson Hollow. The graph shows total counts of
specimens collected at thisllectionsite throughout the entire eight weeks. Specimen counts are separated according to family
identification.
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FigureA8: Alpha Diversity of aquatioollectionsite A8 on Catharpin Creek in Jackson Hollow. The graph shows total counts of
specimens collected at thisllectionsite throughout the entire eight weeks. Specimen counts are separated accordimgjlto fa
identification.



31] VOF BRMNAP
Pitfall Trap Siteg Alpha Diversity Graphs
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FigureA9: Alpha Diversity of Pitfall Trap P1 in the North Secfibie.graph shows total counts of specimens collected at this
trap site throughout the entire eight weekSpecimen counts are separated according to family identification.
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FigureA10: Alpha Diversity of Pitfall Trap P2 in the North Secfibe.graph shows total counts of specimens collected at this
trap site throughout the entire eight weeks. Specimen coan¢ separated according to family identification.
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FigureAl1: Alpha Diversity of Pitfall Trap P3 in the North Seciibe.graph shows total counts of specimens collected at this
trap site throughout the entire eight weeks. Specimen counts are seplaaat®ording to family identification.
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FigureAl12: Alpha Diversity of Pitfall Traptih the North Section. The graph shows total counts of specimens collected at this
trap site throughout the entire eight weeks. Specimen counts are separated according to family identification.
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FigureA13: Alpha Diversity of Pitfall Tragbih the NorthSection. The graph shows total counts of specimens collected at this
trap site throughout the entire eight weeks. Specimen counts are separated according to family identification.
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FigureAl4: Alpha Diversity of Pitfall Tragkh Jackson HollowThegraph shows total counts of specimens collected at this trap
site throughout the entire eight weeks. Specimen counts are separated according to family identification.
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FigureAl5: Alpha Diversity of Pitfall Trap/ih Jackson HollowThe graph shows totabunts of specimens collected at this trap
site throughout the entire eight weeks. Specimen counts are separated according to family identification.
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FigureAl6: Alpha Diversity of Pitfall Tra@Bkh Jackson Hollow. The graph shows total counts of spesiollected at this trap
site throughout the entire eight weeks. Specimen counts are separated according to family identification.
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FigureAl7: Alpha Diversity of Pitfall Tra@ih Jackson Hollow. The graph shows total counts of specimens colletteitedp
site throughout the entire eight weeks. Specimen counts are separated according to family identification.
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FigureAl18: Alpha Diversity of Pitfall TraplPin Jackson Hollow. The graph shows total counts of specimens collected at this
trap site tiroughout the entire eight weeks. Specimen counts are separated according to family identification.
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FigureAl19: Alpha Diversity of Pitfall TrapglPin Jackson Hollow. The graph shows total counts of specimens collected at this
trap site throughout the etire eight weeks. Specimen counts are separated according to family identification.
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Figure A20: Alpha Diversity of Pitfall TraplPin Jackson Hollow. The graph shows total counts of specimens collected at this
trap site throughout the entire eight weeks. Specimen counts are separated according to family identification.
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FigureA21: Alpha Diversity of Pitfall TrapglBin Jackson Hallv. The graph shows total counts of specimens collected at this
trap site throughout the entire eight weeks. Specimen counts are separated according to family identification.
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FigureA22: Alpha Diversy of Sweep NeCollection Sit&1in the North SectionThe graph shows total counts of specimens
collected at thigollectionsite throughout the entire eight weeks. Specimen counts are separated according to family
identification.
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FigureA23: Alpha Diversity of Sweep Nebllection Sit& in the North Section. The graph shows total counts of specimens
collected at thigollection site throughout the entire eight weeks. Specimen counts are separated according to family
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FigureA24: Alpha Diversity of Sweep Neébllection Sit&3 in Jackson Hollowlhe graph shows total counts of specimens
collected at thizollectionsite throughout the entire eight weeks. Specimen counts are separated according to family

identification
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FigureA25: Alpha Diversity of Sweep Nebllection Sit&4 in Jackson Hallw. The graph shows total counts of specimens
collected at thigollectionsite throughout the entire eight weeks. Specimen counts are separated according to family
identification
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SectionFour. PictorialExamples of Taxa Gathered by Differédtirvey Methods
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