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Introduction

Invertebrates dominate the eartht’s biota. The number of described species approximates 2 million.
but some estimates of invertebrate species richness arc as high as 80 million (New 1998). Despite their
imporiant contribution to biological diversity, however, terrestrial invertebrates have generally received
little attention in conservation pianning.

The development of state endangered species lists in the mid-1980"s was ane of the first actions
with clear implications for the conservation of invertebrates in New England (McCollough 1997). 1t
resulted In some conservation efforts focused on rare and endangered species. Unfortunately the breadth of
invericbrate taxa represented on state lists 1s extremely limited and reflects an inter-state disparity of
invertebrate expertise at academic institutions that influcnces status and listing (McCollough 1997).

In addition fo their contribution to biodiversity, invericbrtes have recenily begun 1o receive more
atiention from conservationists and ecological planners for their polential usefulness in biomonitoring
(Kremen ctal., 1993). Invertebrates can provide an attractive alternative to larger animals in ecosyvstiem
monitoring for several rcasons including their wide distribution relative to veriebrates. their rapid
population turnover, and the ease with which they can be sampled in statistically significant numbers
{Kremen ct al., 1993). Terrestnial invertebrates arc also low on the food chain and thus respond more
rapidly to subtle environmental changes than vertebrates, In smuall preserves, invertebrates offer a way of
monitoring ecological integrity that may not be feasible with relatively small vericbrate populations.

Onc of the challenges of working with invertcbrates is that conducting a thorough inventory 1s
both time-consuming and cosily. The dedication of numerous taxongmic specialists is required to achieve
species level 1dentification for many groups. To address this problem, some elTorts have been made by
ecologists (Oliver and Beattie, 1996a: Colwell and Coddington. 1994; Hammond. 1994) to establish time-
and cost-effective shortcut methods for the estimation of inverichrate specics richness and diversity. The
current study employs two of these methods by using extrapolation (Colwell and Coddinglon, 1994} to
estimale laxa richness and focal groups (Hammond 1994) as surrogates for larger invertebrate assemblages.

The Colby Hill Ecological Project is a focal effort to describe the biological diversity in a mid-
clevation landscape of the Green Mountains in Lincoln and Bristol, Vermont. One of the goals of the
project is to provide baseline data on the taxa present. As parl of the Colby Hill Ecological Project, we
examined the terrestrial invertebrate diversity in threc forested landscape ecosystems at the Guthrie-
Bancroft Farm in Lincoln and Bristol, Vermont. The ccosvstems targeted were: a rich, moderately well
drained. secpv. northern hardwood forest (REW): a well drained. beech-red maple-red oak-swect birch
transilion hardwood forest {THF): and a somewhat poorly draincd. red spruce-balsam fir-hemlock-yellow
birch forest (SF). Our study focused on the ecological niche occupied by surface-active terrestrial
invertebrate. We used sampling methods that capture those species primarily active on the ground surface
or within the forest htter.

Two important criteria used to assess the conservation value of an ecosystem arc diversity and
rarity {(Magurran 1988). Within each forest tvpe, we calculated the or-diversity of invertebrate famnlies and

estmated the family richness. We also estimated the overall family richness of the three ecosvsiems laken
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as a whole. We compared the ecosystems to assess their similarity ([3-diversity) to one ancther. We
tdentified three focal groups 1o the species level and estimated the species richness of the focal groups

within each forest ecosvsiem and overall. Finally. we reported on rare and uncommon species.

Methods

In cach of threc forested ecosystems RFW (44°09.537° N, 73°01. 719" W), TIHF (44°09.197 N,

3°01.837 W), and SF (44°08.994" N, 73°01.134" W) on the Guthrie-Bancroft parcel (Figure 1), pitfalt and
liticr samples were collected in May and July of 1999 and 2000. Six petfall traps were set approximately 3
m apart and I¢ft open for one week. When the traps were recovered. three 4-L samples of forest litter were
collected near the pitfall traps. The litler samples were placed into Berlese funnels to extract the tter-
dwelling invertebrates. Collection dates were May 13 & July 25, 1999 and May 27 & Fuly 13, 2000, During
the July 1999 colleciion. several of the traps at THF were disturbed (probably by a bird or a mammal). The
disturbed pitfall traps were reset and collected on Augnst 1, 1999, One pitfall trap from RFW was also
disturbed, but the trap was not reset.

To avoid the problem of having (o reset pitfall traps in 2000, ten pitfall traps were set a1 each
location, but only six were analyzed for inclusion in calculations, The specimens from 24 pitfail traps and
12 ditter samples were analyzed over the two vears for a total of 36 subsamples from each ecosystem (onlv
35 from RFW because of one overturned pitfall trap in 1999). In addition to the collections made at the
three forest ecosystems, pitlall and litter samples were also collected on the same dates i 2000 from 4 rich
hardwood forest (RHFE), floristically similar to REW, but located east of the other three (44°08.700" N,
72°59.692' W) on the Wells parcel (Figure 1).

All adult specimens recovered from pitfall traps and litter samples were identified to the family
tevel. except Tor three problematic orders { Acarina. Pscudoscorpionida, and Psocoptera). The Acarina are
an extremely difficult group to identify (o the family level and are typically lumped by order in data
analyses. Similar difficulties with the Pseudoscorpiotida and the Psocoptera forced us to treat them at the
order level. Three focal groups were 1dentified to species: ground beetles (Family: Carabidae). ants
(Familv; Formicidac), and spiders (Order: Arencida). In the case of the spiders, each specimen was
identified to the finest level of classification possible. In most cases, this meant identification to the species
leved (some specimens were immature or damaged in a way that prevented specices identification). Only
those specimens that were successfully idenufied to the species level. or which belonged to a genus ot
family not otherwise represented. were used n the calculations of species richness estimates. The total
number of spiders used in the species richness estimates was therefore slightly smaller than the number

collecled.
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Figure 1. Sampling locations in forest ecosystems at Guthrie-Bancroft Farm in Linceln/Bristol,

Vermont, 1999 and 2000. RFW = Rich hardwood forest west; SF = Spruce-fir forest, THF = transition hardwood forest;
RHFE = Rich hardwood forest east.



Calculations and Data Analysis

Taxa Richness Estimates

We pooled the 1999 and 2000 data for each ccosvstem type and tallied the observed number of
families in cach ecosystem. We then used non-parametric methods for the estimation of taxa richness from
smail samples (Colwell and Coddington, 1994) (o obtain family richness estimates, Of several estimators

reviewed by Colwell and Coddington (1994). we chose three:

F, =F,, + (a*12b), (b
Fa' = F + (LY72M), (2)
Fi =Fq. +L (2-1/m), (3)

where:
F," F,.and Fy” are estimates of the family richness in an assemblage:;
F.; 1s the observed number of families in the sample:
a 1s the number of families represcnted by a single individual:
b is the mumber of families represented by exactly two individuals;
L is the number of families that occur in only one subsample;
M is the number of families that occur in exactly two subsamples;

and 12 1s the number of subsamples (a subsample corresponded to a pitfall trap or litter collection).

Two of these formulas. (1) and (2), were first emploved by Chao (1984) and the third (3) by Burnham &
Overton (1979). We utilized modified forms of equations (1), (2). and {3) to estimate the species richness
of focal groups at cach of the three forest ecosvstems with S ). 8., and S, representing estimates of

species richness.

Shannon Diversity index

The Shannon index of diversity was calcutated lor families in each ecosvstem. The widely used
Shannon index takes into account both richness and evenness and is calculated from the equation:
H'=-ZpInp, (4)
where p; is the proportion of individuals belonging to the ith family (Magurran 1988). The diversity values
were tested for significant differences between ecosystems (Magurran 1988) by pairwise t-tests using the
formula:
t=H; - H/ (Var By + Var 5.9~ (5)

where Var H,” and Var H-’ are the variances in ecosvstem 1 and 2 respectively.

Similarity Indices (B-diversity)

We calcnlated several measures of P-diversity (or differentiation diversity) fo examine the degree
of similarityv in family diversity between ecosvstems. We used three different similanty indices to compare

the ecosvstems—Sorenson qualitative. Sorenson quantilative. and Morisita quantitative. The Sorenson



qualitative index is a simpie calculation, but it takes no account of relative taxa abundance (Magurran
1988). H is calculated from the equation:
C,=2/{a+b) (6)
where / = the number of families found in both sites and & = the number of familics 1n Site A with & the
number of families in Site B. The Sorenson guantitative index takes into account refative taxa abundance:
Cu =2 N/ (N, + L) (7)
where .V, = the total number of individuals in site A &V, = the total number of individuals in site B. and A} is
the lower of the two abundances recorded for the jth family found in both sites. Thus if 12 individuals of a
family were found in Site A and 29 individuals of the same family were found in Site B the valoe 12 would
be included in the summation of &', The Sorenson quantitative index. like many quantitative similarity
indices. is strongly influenced by family nchness and sample size (Magurran 19883 Unlike the Sorenson
quantitative index, the Monsita quantitative index is not influenced by family richness or sample size, but il
is highiy sensitive to the abundance of the most abundant family (Magurran 1988). The Morisita index is:
Cu=22x v/ (Lo Ly Nu Ny, (8)
where x; 1s the number of individuals of the ith family in site A, v, 15 the number of individuals of the ith
famuly 1o site B, N, and Ny, are the tolal number of individuals i stte A and siic B, L, = x; (x, -1V N, (N, -
1) which is the probability that two randomly selecled individuals from site A will belong to the same

family and L:, =v; (v, -1/ N, (N, — 1) which is the same probability in site B.

Results

Familv Diversity

Overall Family Richness

From (he three ecosvsiems that were sampled in 1999 and 2000, we collected 11,990 specimeins in
107 subsamples (71 pitfall traps and 36 litter samples). The specimens represented seven classes and 22
orders (Figure 2). The order with the larpest number of specimens was the mites (Order: Acarina); the 6073
mite specimens comprised more than 50% of all specimens. The orders with next highesl number of
specimens were the springtails (Collembola) and the beetles (Colcoptera), The order Coleoptera was
represented by the largest number of families (22).

We idenlified 5761 specimens (¢ the family level and sorted them into 101 invertebrate families
(Table 1). The three problematic orders were cach treated as a single family for a mintmum of 104
observed families. We calculated estimates of overall family richness by pooling the data from the three

ecosvstems sampled (Table 2). The overall famity richness values ranged from 134-139 [amilies.

Ecosystem Family Richness and Shannon Diversity

The number of observed families within an ccosystem did not differ greatly and ranged from 63-
70 families (Tablc 2). The ecosvstem family richness estimates values (Table 2) ranged from 86-97
families for RFW. from 8§9-115 familics for SF and from 83-116 families for THF. Each ferest ecosystem

had several familes that were not found at any other site.



Figure 2. The relative abundances of surface-active invertebrate orders in three ecosystems
at Guthrie-Bancroft Farm, Lincoln/Bristol, Vermont, 1989 and 2000.
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Table §. A list of the classes (italics), orders (bold), and families of invertebrates collected from three forest ecosystems a¢ Guthrie-Bancrofl
Farm in Lincoln/Bristel Vermont, 1999 and 2000). RFW = Rich hardwooed forest west: SF = Spruce-fir forest; THF — Transition hardwood forest.

[ THE99-04 |  RHF9900 | 5T 99-00) | Total 99-00 |
Arachrida
Acarina 1746 1581 2746 673
Areneida 2. 7 12 21
Amaurohlidas 17 8 21 44
Dictynidae 17 8 | 16 Y
Cmaphosidae ! 1 1
Hlahniidae ! 12 17 | 9 3¢
Liocranidae 10 1 1 12

| Linyphiidae R 33 23 99

N Lvcosidae b 11 1R 31
Saliicidae 4 ! 7 3 ! 12
Theridiidac 2 Z

| Theridiosomatidac i 1
Thonusidae 2 2

Phalangida
Caddidae ! 6 6

__C;eralolasnmtidae i 1 1 4
Phalangidae 14 12 19 43 !
Sabaconidae 2 2 ﬁa

'_Pseudascorpi(midn 22 19 - 15 56 -

Chilopoda

Genphilomorpha
Dignathodontidae I 3 1 i 4
Geophilidae 21 14 10 45
Schiendvlidae 18 G 24
Lithohiomorpha
Lithobiidac ! i0 [ 9 g 6 | 25
uplopoda
Chordeumida
| Conotvlidae 33 ] 7 [ w
Julida

| Julidac 12 \; 107 96 EIT

Parajulidae 2 \ 15 7 ; 64
Polydesmida

" Polvdesmidac 4 | 41 38 | 83

| Polysoniida -

| __Dolyzoniidae i 2 | 2 T 1 I 5

‘Olipochaeta

Lumbricida

D Enchytrazidac 1 ! \ | 1
Lumbricidac 3 9 f i4 f 26

Crastropoda I

F'Stylommatophom
Artomidac ! 1 20 i 21
Carvchitdae 1 7
CioneHidae 2 :

7 Endodontidac G 8 6 2z |
Pupillidae 5 6 & 17
Vallomdae : 6 ! 7
Zonitidae ’ 3 | 7 7 17

Symphala

Scutiperella

Scutigerallidac _1_ 2 " i 2
Insecta
Caleoptera

Alleculidas | 1 ‘ 1

J:' Byrrhidac 2 ‘ 2z i

I Carabidac 34 72 5 29 193 _‘

: Chrysomelidae 1 1 |

| Ciidac B ' 1 1 |
Crptophagidae : 4 4 J
Cupedidac T i 4
Curculionidac R 17 18 43 |
Dermestidae i i 1 ] ] 1 4

| T ammenidae i ¥ : | i




#abie d. L DllELcn) b seanl i PRSI
Lathridiidae 1 ! 2
Leiodidac 1 i 2
Leprodiridac 20 O 26
Myeaophagidae 2 p
Pselaphidae i 1
Priliidae 15 i 16
Seaphidiidac 1 6 i 8
Scarabeidae 1 2 3
Scobvtidae 1 2
Sevdmaenidae 3 4 7 14
Staphvlinidas 14 37 43 94

Collembola
}_ Entomobrviidae 214 301 268 783
Hypogastruridae 1572 429 244 2245
Isotonudac 97 217 352 8606
Sminthuridac 22 60 43 125
Diptera
Amisopedidae 1 1T
Anthomyviidae 1 1
Calliphoridac 1 1
Cecidomyiidae 10 6 17 kX]
Chirornomidae 3 7 10
Chloropidae 1 1
Dolichopodidae ! 1 2
Drosophilidac 1 1
Muscidae 1 1
Myeatophilidae 1 1 7 P
Fhoridae 12 24 3 3%
Psvehodidae O 2 3 11
Sarcophagidae 1 : 1
Scathophagidae 1 1
Sciaridac 13 2 8 3
MNyvlophagidae 1 1
Hemiptera
Aphididae 7 P 9
Cixiidae 1 1
Coccoldea (superfamily) 4 4
Cvdnidae 1 1
Dipsoconidas 8 ) k3
Lyvpacidag 2 2
Miridae 1 { 2
Plotandae 1 1
Reduviidae 1 1
Tingidac 1 1
Hvymenoptera
Aphelinidae 1 | 1
Ceraphronidac 2 3
Chalcideidea (superfamily) 2 2
IHapriidae 1 2 3
Formicidae 27 37 G 70
tehneumonidae 1 : 1 2
Megaspilidas 1 1
Scelionidac 2 11 : 2 14
Nvelidae 1 ‘
Lepidoptera : i
Blastobasidae 1 |
Pyvralidae 1 I
Tmeidas 1 i
Orthoptera
Grvllacrididae 14 20 23 59
Psocoptera [ 11 3 79
Thysanoptera
Thripidae 3 I 3
Num ber of specimens 4233 ‘l 3269 1488 W 119
hlher of families 63 : il 67 104




Table 2. The family richness estimates of surface-active invertebrates for three
forest ecosystems at the Guthrie-Bancroft Farm, Lincoln/Bristol Vermont, 1999 and 20060,
REFW = Rich hardwood forest west: SF — Spruce-fir forest: THF ~ Transition hardwood forest: I+, 2, and Iy — family
richness estimators; U'ys — number of observed families: a=number of families represented by a single mdividual b =
number of families represented by exactly two individuals; L - number of families in only one subsampie; M — number of

famihes 1 only two subsamples; v = pumber of subsamples.
RFW | SF THF Pooted data
59-00 | 99-00 | 99-00 : 99-00
F. = Fop + (@ 28) 86 115 | 93 133
F, = Fop, + (LY2M) 97 91 116 138
Fy =Fg. + L (n-1/n). i 9] %9 83 139
N | 35 36 36 107
a 17 22 19 30
b 9 3 6 5
L 22 23 23 35
M 9 13 3 I8
Fobs 70 67 63 104

The Shannon Diversity Index values for the three ecosystems were numernically close and ranged

from 1.7]1 - 1.84 (Table 3) with RFW having the highest valuc Pairwisc t-tests of the three ecosvstems

showed no significant difference in the Shannon diversity valucs of SF and THF. but did show a

statistically significant difference in the diversity of RFW when compared to cach of the other two

ccosysiems.

Table 3. Shannon family diversity index values for surface-active invertebrates from
three forest ecosystems at the Guthrie-Bancroft Farm, Lincoln/Bristol Vermont,

1999 and 2000, RFW - Rich hardwood forest west: 8F = Spruce-[ir forest: THF — Transition hardwood
torest: H' =.8hannon diversity index; Var H'= varance.

REFW ST THF

99 4 9900 99-00
H’ 1.8433 177130 1.7414
Var H’ 6.7321 6.1021 5.7550

Ecosystem Similarity (B-Diversity)

The three indices of ecosystem similarity yielded no clear frends in similarity across ccosystems.

The Sorenson qualitative index values were very similar for all pairwise comparisons. Both quantitative

indices vielded results suggesting that SF and RFW were most sintilar and that THF and RFW were least

similar.

Table 4. Ecosystem similarity values for three forest ecosystems at the Guthrie-

Bancroft Farm, Lincoln/Bristol Vermont, 1999 and 2000. RI"'w = Rich hardwoeod forest west:
S¥ — Spruce-fir lorest: THF = Transition hardwood forest,

RFW vs. SF vs. THF vs,
THF RFW SF ;
Sorenson Qualitative 65.7% 66.2% 68.1%
Index C,
Sorenson Quantitative | 71.2% 72.6% 39 8%
| Index Gy i
Morisita Index Chs 883% | 96.0% ! 78.7%




Species Richness Estimates

Spiders (Order: Areneida)

We collected a total of 369 spiders from 11 families (Table 1) represented by 33 species (Table 3).
The number of observed spider species did not differ greatly between ccosyvstems (Table 6). The estimates
of species richness were also simiiar (Table 6) and appeared to be statistically identical {though this was not
tested). Each ecosysiem contained several species that were noi found at either of the two other sites (Table
3). The overall number of obscrved spider species was twice the number observed in any one ccosystem
and cstimales of overall spider species richness ranged from 42-46.

Table 5. Abundance of spider species collected in pitfall and litter samples from three forest
ccosystems at the Guthrie-Bancroft Farm, Lincoln/Bristel Vermont, 1999 and 2000. RFW = Rich
hardwood forest west: SF_~ 8pruce-fir forest; THF = Transition hardwood forest.

Farnily RFW SF THF Total
Species name 99-00 99-00 99-00 95-00
Amaurabiidae
Amatrobius horealis 3
Callobius sp.
Cybaeopsis sp.
Wadotes caicaratus 3 12
Wadotes hybrdus 1 1
Dictynidae
Cicuring arcuata
Cicuring brevis
Cicurina paliida
Cicurina placida
Gnaphosidae
Zelotes fratris
Hahniidae
Cryphoeca sp.
Neoantistea magna 12 7 g
Linyphiidae
Bathyphanfes paliidus 1
Bathyphantes sp. A
Cantromerus persolutus
Ceraticelus sp A
Ceratinella brunnea
Eperigone maculata 2
Lepthyphantes Zebra 2
Sisicoftus montanus 1
Tapinocyba simplex 2 1
Tunagyna debilis 2
Walckaeneria directa 1
Liecranidae
Agroeca omata 2
Phrurotimpus alarius (Hentz. 1847) 1 4
'Lycosidae .
¢ Pirata insularis 1 1
. Pirata montanus 4 6 10;
Trochosa pratensis 2 2
Salticidae i
Metaphiddipus cenadesis 1 | 1
Neon nefli 1! ' 1 2
iTheridiidae ‘
Robertus riparius (Keyseriing. 1886) ! 2! 2
Theridigsomatidae {imm.) ' 1 1]
Thomisidae
Misumena vatia 1 1

wlw|=|—
W

=i =
el
LA LA L)

—_
—_

e
]
Byl Y

P = =

= (MW= RN = O~ =

N

Number of specimens I 38 40 45 124

Number of species ! 17 18 17 33




Table 6, Species richness estimates of spiders in three forest ecosystems at the
Guthrie-Bancroft Farm, Lincoln/Bristol Vermont, 1999 and 2000, RFW = Rich hardwond forest
wesl; SF = Sprucefir forest; THF — Transition hardwooed forest: 8,7, 8, and 8y — species richness eslimators: Sy, =
number of abserved species; anumber of species represented by a single individual & — number of species represented by
exacily two individuals: L = number of species in only one subsample; M =~ number of species in only two subsamples: 7 =
number of snbsamples.

RFW SF THF Overall
99-00 99-00 99-91) 99-00
S, = Suh + (@20) 25 21 20 42
S, = S+ (L72MD 24 21 20 42
5 = Se + L (n-1/n), 26 23 23 16
N ] 35 36 36 107
a 8 7 6 13
) 4 5 6
L 9 7 6 ' 13
M 6 3 6 9
Ses 17 16 17 EE

Ground Beetles (Family:Carabidae)

We collected a total of 193 ground beetles representing 22 species (Table 5). Both SF and RFW

conlained several species that were nol found in other habitats and THF had one such specics.

Table 7. The abundance of ground beetle species (Family: Carabidae) collected in pitfall and
litter samples from three forest ecosystems at the Guthrie-Bancroft Farm, Lincoln/Bristol Vermont,
1999 and 2000. RFW = Rich hardwood forest west: SF = Spruve-fir forest: THF = Transition hardwood forest.

rSpecies name RFW SF | THF | Totals !
29-60 {95-00)95-00 | 99-00
Agonum fidele 1 1
Agonum mutatum 1 1
Agonum refractum 7 8i 15
Calasoma frigidum 2! : 2
Calathus ingratus 10; 10
Cymindis cribricollis 1 1 prd
Gaslrellarius honestus 2 2
Notiophifus aeneus = 5
Piatynus decentis 21 30 51
Pterostichus adoxus 1 1
Pterostichus adstrictus & G
Pierastichus coracinus 13 5 1 19
Pferostichus diligendus 2 5 7
-Pterostichus lachrymosus 3 3
:Pterostichus pensylvanicus 1 3 4
:F’fsrosﬁchus rostratus 3 3
| Pterostichus stygicus 4 2 1 7
‘Pterostichus tristis 2 2 4
—Sphaeroderus canadensis 5 )
Sphaeroderus lecontei & 1 7
Synuchus impunctatus 7 14 14 35
Total Count 72 87 34 183

The nurmber of observed species and cstimates of species richness were higher in SF and RFW than i THF

(Table 8). The overall estimates of species richness were similar (24-20).



Table 8. Species richness estimates of ground beetles in three forest ecosystems at the
Guthrie-Bancrofi Farm, Lincoln/Bristo] Vermont, 1999 and 2000. R¥W = Rich hardwood forest west: $F =
Spruce-Iir forest; THF = Transition hardwood forest; §°.8:  and 55 = spacies richness cstimators; Sy = number of ohserved species:
a—number of species repeesented by a single mdividual: & — number of species represented by exactly lwo individuais: 1. = number of
specias in onty one subsample; M = number of species in only two sebsamples: # = number of subsamples.

. RFW SF THF Overall |
99-0) 99-)() 99-00 99-00
S, = Saps + (@720) 13 16 13 23
S. = S + (L 72M) 21 18 13 24
' 8: = Sge+ L (n-1in). 17 19 13 L6
N 35 36 36 107
a |3 3 4 4
b 2 3 1 3
L 4 5 1 4
M 1 3 L] 4
St £3 14 9 22

Ants (Family: Formicidac)

We collected 70 ants represcnting 5 species (Table 9). REW and SF each had one species that was
not collected in cither of the other ecosvstems. The small number of species collected al each site was
insufficient to calculate meaningful estimates of ecosysiem species richness. Similarly, estimatcs overall
species nchness yielded i dubious overall ant species richness value of 3 species (becanse both a=0 and
L=0).

Table 9. Ant specics (Family: Formicidae) collected from three forest ecosvstems at the
Guthrie-Bancroft Farm, Lincoln/Bristol Vermont, 1999, RFW = Rich hardwood forest west, 8F = Spruce-fir forest:
THF = Transition hardwood forest.

Species name RFW | SF | THF | Overall |

99-00 199-00| 9%-00 | 99-00

Aphaenocgaster rudis 3 10 13i
Camptonotus hurculeanus 2 2|
Formica fasioides 1 1 3}
L asius alienus 10 10
Stenamma diecki 24 3! 16 E
Number of specimens 37 6 27 70

Rare and Uncommon Species

We found one species on the list of rare and uncommon animals in Vermont {(INongame and
Natural Heritage Program, 1996). The ground beetle spccies, Prerostichus lachrvmosus, was collected in
pitfall traps in RFW in both 1999 and 2060. The species has a state rank of 83 (Nongame and Natural
Heritage Program. 1996). which means that it is uncommon in Venmoent and worthy of occurrence-tracking,
and momitoring. The global status of this species is unkmown. rerosticirus lachrymosus has not been
collected from many locations in Vermont and, unlike many other ground beetles, its ecology 1s not well
understood (Ross Bell. pers. comm.). Three field scasons (1994, 1998 and 1999) of intensive ground beetle
collection {more than 10.000 specimens) in the Green Mountain National Forest vielded onty one

ingiividual of this species (Rvkken., 1995 and Catherime Dickerl. unpublished resutis).



Our spider specics identifications also turned up two unusual specimens belonging to the genera
Bathyphantes and Ceraticelus in the family Linyphiidae. Consultation with an arachnologist revealed that
thev likely represent undescribed species (Dan Jennings, pers. comnu ). Both specimens were found in
RFW and were referred to as Bathvphantes sp. A and Ceraticelus sp. A (Table 3).

Several unusual specimens from outside of the focal groups were also noted. The most remarkable
of these was a specimen of the carrion beetle, Necrophilus peritii, which had never before been collected in
New England. The specimen was collected in one of the pitfall traps al RFW that was not included in the
data analysis. and its identity was only uncovered becausc it was mistaken for a carabid during initial
sorting, Another noteworthy find was a single specimen of the family Ceratolasmatidae {ound at REW.
This family has only onc species in our fauna, Crostveus dasyenemuys, and although the species is known

[rom Vermont. it has rarely been collected here (Ross Bell, pers. comm. ).

Comparison of RFW and RHFE

In addsion to the collections made at RFW. THF, and SF. 910 specimens were collected from the

rich hardwood forest (RHFE) on the Wells parcel for comparison with RFW. The number of invertebrate
families observed in RHFE was not appreciably different than the munber obscrved in RFW in 2000 (Table
10). The family richness cstimates at REFE were lower than those at REW for all three estimators (Table
10). There were, however, three families observed in RHFE that were not observed in any of the other
ecosystems in either vear. Each of these families was represented by a single specimen.

The observed number of focal groups species in RHFE and RFW were similar for ants and spiders
but there were nearly twice as many carabid species gbserved in RHFE as in RFW (Table 10). All of the
focal group species obscrved at RHFE were also observed at one of the other three ecosystems in either
1999 or 2000. However, six species of carabids were found in RHFE that were not observed a1 RFW in
cither year.

Table 19). A comparison of several measures of invertcbrate richness at two florisitically similar ecosystems in

Lincoln/Bristol, Verment 2000. RFW = Rich hardwood forest west; RHFE - Rich hardwood forest cast: F\, 2" and Fy”
= lamilv richness estimators: Fu = number of observed families: S, = number of observed familics

RIW RHFE

] 2004 2000 i
F 76 o9 !
by 72 &7
Iy 64 62
Favs 48 46
Sous (sprders) 6 4
Sous {carabids) ‘ 7 t 12

- Sops{ants) i 2 2

Indices of similarity were calculated to compare RHFE 10 each of the threc ccosystems on the
Guthrie-Bancroft parcel (Table 11). The Sorenson qualitative index and Morisita index values comparing
RHFE to RFW were higher than those comparing RHFE to either THF or SF (Table 11). but this was not

the case for the Sorenson quantitative index.
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Table 11. Ecosystem similarity values comparing a rich hardwood forest on the
Wells Parcel to three forest ecosystems at the Guthrie-Bancroft Farm,

Lincoln/Bristol Vermont 2000. RHFE= Rich hardwood forest east; RFW = Rich hardwood forest
west; 8T - Spruce-fir forest: THF = Transition hardwood forest.

RHFE vs. RHFE vs. { RHFE vs,
THEF 2000 5F 2000 REW 2000
Sorenson Qualitative Index 76.1% 70.8% 77.9%
Cs
Sorenson Quantitative Index | 46.1% 59.3% 54.3%
Cy i
Morisita Index Cy 34.6% %3.4% 94.2%
Discussion

Family Diversitv

Overall Family Richness

The range of estimated values for overall family richness was quitc namrow (134-139) and was
considerably narrower than the range of estimates generated in 1999 (120-159) suggesting that the
estimales from the pooled data may be zeroing in on the actual family richness valuc. In general, however,
extrapolation techniques tend to underestimate actual richness valucs (Colwell and Coddington. 1994y and
this effect is compounded by treating the problematic orders (Acarina. Pseudoscorpionida. and Psocoptera)

as single families.

Ecosystemn Family Richness, Shannon Diversity, and Similarity

Neither the observed number of families nor the family richness estimates offered compelling
evidence that anv ecosystem was appreciably more diverse. The Shannon diversiey index, which takes into
account evenness as well as richness. indicated that RFW was more diverse than both THF and SF. Even
though ecosystem comparisons suggested small differences between forest types, these data should be
treated as preliminary for several reasons. The comparisons were based primarily on family level
identifications (since this information was essentially complete for the specimens we collected), not on
species identifications. Two faciors that may contribute 1o the apparently higher diversity at RFW are
moisture and nutrients. The rich hardwood forest has a number of seeps thal supply molsture even under
extremely dry conditions (like those encountered during the 1999 field season), and therefore may be a
preferred habitat for many families that inhabit moist environments. The apparently higher diversity of
RFW coupled with the presence of rare and uncommon species (Plerastichus lachrvmosus, Necrophilus
petritii, two undescribed spider species, and Crosbveus dasvenemus were all found there) make it a high
priofity conservation area.

There were no clear trends that emerged from the similarity indices. The Morisita index should
perhaps have been calculated by excluding the Acarina since it 1s highiy scnsilive {o the mosi abundant
family. The fact that the valucs of the Sorenson qualitative index for all pairwise comparisons werc around
6626 suggest that all threc ecosystems make an essentially equivalent contribution t¢ the overall family

richness of the site.
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Species Diversity

The relatively similar number of spider species observed in each ecosystem suggest that the spider
diversity is about the same in each of the ecosystems. Scveral specics were found in only one ccosvstem,
suggesting again that cach of the scosvstems contribute to the overall diversitv of the site. There are
approximately 704 spider species in the northeastern states and Canadian provinees from the eight families
that we collccled with more than one species {Dan Jennings. pers. comm,). I the overall spider species
richness estimates in this study are accurate. Guthrie-Bancroft Farm hosts approximately 6% of the surface-
active spider fauna known for the entire region,

The low number of specimens and obscrved species of ground bectles at THE suggest that it may
be less diverse in this focal group than the other two ccosvstems, Approximaiely 55 species of surface-
active ground beetles are known to occur in the nearby Green Mountain National Forest of Vermont (Ross
Bell, pers. comm.). If our overail ground beetle species richness estimates are correct, Guthrie-Bancroft

Farm hosts approximately 30 % of the surface-active ground beetles known for this nicarby large region.

Comparison of RFW and RHFE

The comparison data for RHFE seem to indicate that continued sampling in this region for surface

invertebrates will not add appreciably (o the data being obtained from REFW. SF, and THE. The Sorenson
qualitative similarity index data {Table 11) seem to indicate that RHFE is more similar to each of the three
ecosystems in the Guthrie-Bancroft parcel than they are with one another {Table 4). The ontv causc for
hesitation in this regard were the six ground beetle species found at RHFE that were not observed in REW
n 1999 or 2000. Therefore, although RHFE may not make as large a contribution to overall diversity as the

other ecosystems. it should not necessarily be looked at as an equivatent ecosystem to RFW.

Significance of Findings

The findings of this study suggest that the protection of the overall biodiversity of surface-active
invertebrates at Guthrie-Bancrofi Farm should involve the preservation and management of the three forest
ecosvstems that were examinced. In each forest ecosystem, we found families and species that were not
found in cither of the other two ecosvstems. Thercfore the loss of any ong ecosystem might result in the
local extinction of specics from the property. Furthermore, the findings snggest that special attention be
paid 1o the preservation of the rich hardwood forest ecosystem (RFW). Its apparently higher diversity
together with the presence of rare and uncommon species warrant particular censervation attention and
monitoring.

It should be emphasized that this study focused on only a small cross-section of all invertebrates at
the site (i.c. those active on the ground or found within the litter). Nevertheless, it sampled inveriebrates
that were found in a number of habitat niches (within leaf litter. under stones, in fungi. in decayving bark,

etc.) and that represented a variety of trophic levels (e.g. scavengers. decomposers. predators, ete). The
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management of biodiversity at a site should involve careful consideration of the various habitat niches and
trophic levels for incorporation inte a monitoring protocol. We recommend that a subset of invertebrates
encompassing difierent habitat niches, trophic levels, and rarity be chosen for incorporation into a

monioring strategy used to indicate cnvironmental change.
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FIRST RECORD OF FLIGHTLESS CARRION BEETLE, Necrophilus pettitii, IN NEW ENGLAND
(Coleoptera: Agyrtidae)

Mark A. Ward, Jeffrey M. Collins, and Susan M. Young

The flightless carrion beetle (Necrophilus pertitii Homn, 1880) is the only member of the family
Agyrtidae found in eastern North America (Peck, 1990). Very little is known of the biology of agyrtids
(Peck 1990), a group that until recently had been included in the family Silphidae {(Anderson and Peck
1985). Most agyrtids are found in wet habitats, particularly along margins of mountain streams, on high
altitude snowfields, in leaf litter, and in association with some fungi {Anderson and Peck 1985). Members
of the family seem to be cold-adapted and are primarily active in the colder months of winter, late fall and
early spring (Anderson and Peck 1985). Unlike silphids, agyrtids are difficult to find and are rarely
collected (Anderson and Peck 1985); although adults of some species, especially members of Necrophilus,
are known to come to baited carrion traps (Anderson and Peck 1985).

In summarizing the known distribution of Necrophilus pettitii, Peck (1981) included New York,
Ontario, and Michigan south to Alabama, Georgia, and northern Florida. The species is believed to be a
deep litter and soil scavenger (Peck 1990). It is typically collected in forested habitats with dung and
carrion baits or pit traps (Peck 1981). Many records come from cave entrances where soil fauna can often
be sampled with comparative ease (Peck 1981). The species has been coltected most frequently in high-
elevation forests of the southern Appalachians during the summer months (Peck, 1981).

On July 15, 2000, a single specimen of Necrophilus pettitii was collected in a non-baited pitfall
trap in Bristol, Vermont. The specimen was collected as part of a survey of surface-active terrestrial
invertebrates for the Colby Hill Ecological Project, a biodiversity inventory and menitoring project on 680
acres of private conservation land on the western slope of the Green Mountains in Lincoin and Bristol,
Vermont (Lapin in prep.). The pitfall trap containing the specimen was located in a rich northern hardwood
forest ncar the Bristol/Lincoln town boundary (44°09,537' N, 73°01,719 W) at an elevation of
approximately 1200 ft. (365m). The specimen was identified by Dr. Ross T. Bell (University of Vermont,
USA}. Dr. Stewart B. Peck (Carleton University, Canada), who recently described the distribution and
biology of this species, confirmed the identification. The specimen is currently housed in the Thompson
Natural History Collection at the University of Vermont.

The closest previously known records of Necrophilus pettitii are from two locations in southemn
New York state: Cooks Falls, Sullivan County in September, 1926 (Peck, 1981); and Armonk, Westchester
County in 1974 (Pirone, 1974}, Armonk lies less than 10 miles from the Connecticut border suggesting the
likely presence of N. pettitii in southern New England. The present collection site is more than 200 miles
north of cither of the southern New York locations (Figure 1).

The rich northern hardwood forest ecosystem in which the specimen was found is characterized by
numerous parallel seeps that produce a broadly corrugated terrain on a moderately well-drained slope with
northern aspect. This ecosystem type is one of several rich, seepy northern hardwood forest types that
appear to be commeon in the northern Green Mountains particularly on north and east slopes (Lapin and
Engstrom 1999 and Lapin in prep.). Soils at the site consist of a loam over fine sandy loam spodosol with a
notably deep and black A horizon (Lapin in prep.). The diverse canopy includes sugar mapie, yellow birch,
white ash, red oak, beech, paper birch and several standing-dead butternut {rees. Lapin (in prep.) estimates
the age of this second growth forest at 65 years (based on a tree core from a large white ash). The
understory consists of sugar maple, beech, and striped maple, and dominant herbs include rich-woods
species like plaintain-leaved sedge (Carex plantaginea) and blue cohosh (Cawlophylium thalictroides).

This first record of Necrophilus peititii in New England represents a considerable northeastern
expansion of the previously known range of the species. The significance of this expansion is even more
marked when one considers that N. perritii is flightless. This finding suggests that the species may also
occupy other suitable habitat from southern New York to niorth central Vermont. Locations that hold
considerable promise for future documentation of N. pettitii in New England include the Tacenic
Mountains and southern Green Mountains of Vermont and the Berkshire Mountains of Massachusetts and
Connecticut.



