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Inventories & assessments

formidable task for
terrestrial arthropods

sorting/prep time 40X longer
than sampling time (Marshall
et al. 1994)

identification time usually
longer

large samples, damaged

specimens, many species at low
density

lack of trained taxonomists =>
lack of usable keys




Genetic techniques: sorting

Caesaretal. 2006

feather-wing
beetles (Ptiliidae)

informed sort
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only 25% of i
specimens
required
examination by
specialist

COl tree (Caesar et al 2006)



DNA barcoding: sorting & IDs
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forinventories (e.qg. —R
Janzen et al. 2005)
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Urban park moth inventory

Stanley Park,
Vancouver in
2007
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Methods: collection & analysis

MV light / sheet
collecting

synoptic each
collection night
DNA barcoded all
925 specimens
BOLD-ID for IDs
(where possible)

confirmed
morphologically




Results: species assignment

A Eupithecia longipalpata (19) 190 ClUSteI’S, 124

—— 1 Eupithecia unicolor (5) aSSIgnEd tO SpeCIES,
Eupithecia columbiata (1) :
—<p Eupithecia maestosa (2) 61 to g e n U S U SI n g

] Eupithecia lariciata (1) B O |_ D - | D
Eupithecia sharronata (1)
~ Eupltr?ema.graefn (3) 66 re m a Talla! g
— Eupithecia rotundopuncta (2)
Eupithecia bryan (1) clusters identified
{ Eupithecia subfuscata (7)
{ Eupithecia misturata (18) 25 Wlt h b I’I ef
< Xanthorhoe defensaria (3) .
Spargania magnoliata (1) CO m pa rl SO n
~=mll] Perizoma grandis (8) . . .
Epirrhoe alternata (1) 41 Wlth genltallc
Eulithis destinata (1) d Issect I ons

{ Venusia cambrica (11)

{ Pasiphila rectangulata (7)

‘ Dysstroma citrata (21) = ﬁI’St (a nd OnIY) Step for
specialist; 7% of specimens




Results: highlights of inventory

190 species
21 families
71 singletons

* taxonomically

diverse; many
at low density

indigenous

* not complete,
Paraswammerdamia lutarea Argyresthia pruniella but solid start




Diversity effects of disturbance

how do anthropogenic
and natural disturbances

affect forest biodiversity?
we can now rapidly

assess diversity
changes in hyper-

diverse assemblages

Natural disturbance example: native pest outbreak
of mountain pine beetle (Kurz et al 2008; NRC)



The effect of harvest types on

lepidopteran diversity
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Sicamous Creek
Silvicutural System

Date Creek Silvicultural System (Coates et al 1997): Interior Cedar—Hemlock, ~450m



The effect of harvest types on
lepidopteran diversity

Date Creek
Silvicutural System

Sicamous Creek
Silvicutural System

' °

-

Sicamous Creek S.S. (Huggard & Vyse 2002): Engelmann Spruce - Subalpine Fir, ~21650m



Harvest treatments

3 treatments, 1 control
CC—clear-cut

HR — heavy removal
(patch cut)

LR —light removal
(individual tree selectlon)

NH — no harvest (350 year
old stand)

Date Creek treatments



Methods: trapping

UV light traps allow standardized effort
single trap per treatment, far from edges
8 traps per night; ~tri-weekly through flight season
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Methods: sorting

27 complete comparisons
(CCvs HR vs LR vs NH)

108 traps
10,904 Specimens
field-pinned nearly all

sorted to
morphospecies




Methods: sampling

for barcoding, we
analyzed a synoptic of
each trap

analyzed all specimens

not confidently placed to
single morphospecies (e.q. HA¥
rubbed specimens; tough 8V Gand i
genera) ’L\W a0

gt b s L VST
iaantd A AR AAA LT & A

imaged, sampled and
vouchered 6117 specimens




Methods: lab

completed at Canadian Centre for
DNA Barcoding in Guelph, ON

amplified and sequenced COI
using standard protocols

all sequence data, images, and
collection data stored on BOLD




Results: barcoding

= zp.|08-JOWBC-2373|17-Jun-2

€38(0n]bp|BI-T

sma arericana|0s-JOWEC-2534) 17-Jun-20C8|638(0n]bp|E5-T

sma arericana|0s-JOWECS

2343|17-Jun-200€| 63

10n]bp|E3-T

sma arericana|08-JOWEC-2547) 17-Jun-20C8|638(0n]bp|E3-T

sma arericana|0s-JOWEC- 234%) 17-Jun-

6101/6117 successfully
barcoded

remaining 16 were easil
assigned to species

20CE|638(0n]bp|E3-T

sma arer

cana | 08-JOWEC- 2553 17-Jun-2008| 63

{0n]bp|E3-T

<ssma arericana|0s-JOWEC- 233€|17-Jun-2006|633(0n]bp|E5-T

desma apericana|08-JOWEC-2357|17-Jun-200€|638(0nbp|ES-T

a amsricana|0s- JOWE:

2351|17-Jun-2008|658(0n]bp|E3-T

lodesma anericana|08-JOWBC-2350|17-Jun-

1€28{0n]ERIB3-T

Gsma americana|08-JOWET

|17-Jun-2

E|€38(0n]bp|BI-T

odesma americana|08-JOWBT-2332 |17-Jun-2008|€38(0n]bp| BI-T

odesma americana|08-JOWBS-2333 |17-Jun-2008| €38 0n]bp| BI-T

pitata|08-JOWBD-2372 |17-Jun-

E|€38(0n]Ep|

3-T

1a intricata|08-JOWEC-2371|17-Jun-2008|638(0n]bp|EI-T

atyrata| CE-JDWEC-25€8|17-Jun-20081632(0n

PIES-T

Ecliptopera silacsata|08-JOWE

23€3|17-Jun-2008 |6

2(CnIbpIB3-T

Hydriopena renunciata)0s-JOVED

-Jun-200% |€38(0n]bp |B3-T

Xanthorhce ferrugatal
X anthorhos

X anthorhos

most* matched single
species [ monophyletic
clusterin BOLD

Mslanolophia imitata|OE-JDWEC:

0|17-Jun-200816

Mslanolophia imitata|0E-JDWEC: 6117-Jun-200816

viridata|08-JOWEC- 236717

Macaria sp. |CE-JDWEC-23€2

Flagodis phlogosaria|08-JDVWEDS 8117-Jun-200% |€3E(0n] TR |B3-T

rinthus Trisyl|08-JDVBC-2328|17-Jun-2008 |€3E[0n]Dp|B3~T

Autographa sansont|CE-JDWE

41

7-Jun-2008|6

[Cnibp|ES-T

Acronicta fragilis|08-JDWBC-2346|17-Jun-2008 |E38(0n]op|BI-T

Reron

5108-JDVEC:

42117-Jun-2008 |E36[0n )L |B3-T

[Rcronicta

08-JDVEC:

-Jun-2008 |€36(0n 1P |BS-T

Reron

2| 08-JDVBEC-234

=Jun-2008 |E3E(0n 0P |B3-T

* confirmation/identification o
on g O | N g I—i e e o

Phyllonory: ~JOWEC- 2374 17-Jun-2008|638(0n]bp|E3-T

BOLD TaxonlD tree for trap LRg

Euplexia Ienssimilis




Results: 2 iInventories

Date Creek (DC)
7978 specimens
340 SPP- Parornix DRD30
Hyles gallii

Sicamous Creek (SC)

2926 specimens

Neoarctia beanii

211 Spp.




Highlights of inventories

high diversity — 26 families, 219
genera
e.g.
Walshia miscecolorella
(Cosmopterigidae)

Batrachedra praeangusta
(Batrachedridae)

Scythris noricella (Xyloryctidae)

single trap at Date Ck — 100 spp.




Highlights of inventories

several difficult genera

Euxoa spp. (divergens)
8 spp. in just 11 individuals at SC

Eupithecia spp. (gelidata)
12 spp. at DC, 13 spp. at SC

Epinotia spp. (plumbolineana)
16 spp. at DC




Highlights of inventories

many pest species in
moderate abundance

hemlock looper (Lambdina
fiscellaria)

aspen leaf miner (Phyllocnistis
populiella) (* 481 in 1 trap at DC)

western spruce budworm
(Choristoneura occidentalis)




Completeness of inventories

Date Creek
501 Spp. eStlmated g 300 zot;sl(MaoTau)
) ingletons Mean
340/501 — 68% 8-200 Chao 1 Mean
111 singletons 0
o) 10 20 30 40 50 60 Samples
Sicamous Creek -
spp. estimated 0
3 44 p p @ - Sobs Mean (runs)
211/344 = 61% ag_zoo Singletons Mean
I n P hao 1 Mean
82 singletons C
50



Harvest effects on species richness

Date Creek: Sicamous Creek:
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Results: relative comparisons

Date Creek: Sicamous Creek:

T, b b b T b b ab b

5 - 5 -
T | ]

- 5 1 2 I

relative species richness

CC HR LR NH " CC HR LR NH

relative species richness (same collection event)



Additional levels of diversity

genetic diversity (GD) {iiiﬁiﬁii Drunifolicila
Lyonetia prunifoliella]
. . Lyonetia_prunifpliellal[
e.g. haplotype diversity [ ronetia pramifoliel:
Lyonetia prunifoliella

Stanley Park Leps — mean of 3.4

haplotypes/spp., or one new
haplotype every 3.9 individuals

phylogenetic diversity (PD)
variation in evolutionary history

can add phylogeny backbone to
primary barcode, or not (see
Faith 2007)

Lyonetia prunifoliella (Lyonetiidae)
contributes highly to both GD and PD



More to do...

interplay between 3 levels of
diversity
can 1 or 2 be a proxy for all?

family and feeding guild
responses

interesting hypotheses to
address

e.g. species/genetic diversity
correlation (SGDC) (Vellend 2003)

R=0.98

5.0
15 20 25 30

Rarefied species richness

Rarefied allelic richness

Post-disturbance SGDCin
butterflies (Cleary et al 2006).



Conclusions

DNA barcoding has proven valuable
for forest inventory work and looks
promising for post-disturbance
assessments

DNA barcoding provides informed
sorting, reduction of specialist time,
enhanced sensitivity at low density,
and estimates of multiple levels of
diversity
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