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ABSTRACT 

SPECIES RICHNESS, EXTIRPATIONS AND INTRODUCTIONS AMONG THE NOCTUID 
MOTHS (LEPIDOPTERA: NOCTUIDAE) OF NEW BRUNSWICK'S FUNDY COAST 

Rebecca Vincent 
University of Guelph, 1999 

Advisor: Professor V, G, Thomas 

This study investigates patterns of species richness in noctuid moths dong the 

Fundy Coast of New Brunswick. The noctuid moth fauna of the region was descnied, 

entered into a database, and anaiyzed for patterns of species richness, including a 

cornparison of the checklist for Fundy National Park (FM?) and the checkiist for the rest 

of the Fundy Coast. The database was analyzed with a bootstrap statistical method to 

estimate the probability that species have been extirpated or introduced within the 

region. The species checklists for the northem and southern ends of the Coast are quite 

different, with each county housing a number of unique species. Thirteen species may 

have been extirpated and 2 1 others introduced since 1970. Future collection efforts 

should focus on searching for species identined as candidates for extirpation. in light of 

these results, it is questionable whether FNP adequately represents the Fundy Coast's 

noctuid moth fauna. 
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Chapter 1: Introduction to the Thesis 

Biodiversity has been defhed as ''The variety of organisms considered at ail 

levels, fiom genetic variants beionging to the same species through arrays of species to 

arrays of genera, famüies, and still higher taxonomie levels; including the variety of 

ecosystems, which comprise both coxumunities of organisms within particdm habitats 

and the physical conditions under which they Iive" ( W i i  1992). It is this complex 

web of organisms, habitats, and physical processes which sustains H e  on this pla.net. 

At the species level, biodiversity is made up of two major components: species richness 

and abundance. Richness is defined as the number of species found withui a given area, 

whîle abundance dehes  how many individuals of each species are found. An area with 

high diversity has a large number of species relative to the number of individuah 

representing each species. Both species richness and abundance will change through 

time, due to various physical and environmental factors. 

Basic understanding of biodiversity begins with bioIogical surveys, the sampling 

of organisms, the building of museum collections, and the maintenance of databases 

(Nielsen and West 1994). Yet in a time when many nations, including Canada, are 

striving towards a better understanding of the functioning of their ecosystems and 

habitats, with the goal of preservïng natural biodiversity at multiple levels, the funding 

for museurn collections and basic biosystematics continues to decline (Nielsen and 

West 1994, Mosquin et. al. 1995). 

There is a wealth of information available, but under-utilized, in the various 



natural history collections found across Canada- This information needs to become 

more readily available to researchers and to the general public (Nielsen and West L994). 

For example, at most collections, ifresearchers want to gather information on the 

distribution of a particular species, they must examine every individual specirnen at the 

collection and extract the relevant information fkom each specimen's data labels 

themselves. This can be a tremendously tirne-consurning process if more than one 

species or more than one collection are to be studied, Few collection curators are 

willing or able to spend the t h e  away fiom their reguiar duties to gather this type of 

information for a researcher, 

Insect collections c m  be considered as a special type of Library. Instead of 

shelves of books, workers search through drawers of specïmens in the course of their 

research. While libraries use a card filing system (or, more recently, a computer 

database) to identifL each book and provide a Listing of the library's holdings, most 

insect colIections Iack anything similar to help researchers search through the collection 

(personal observation). Specimens are usually arranged phylogenetically, but usually 

there is no system in place to indicate which genera and species are available for study. 

Many different countries and organïzations are now involved in computerizlng this 

information for their collections (e.g. the Canadian Forest SeMce, Maine Forest 

Service). Modem computer technologies such as databases and statistical programs are 

now permithg the development of high-quality inventories of all sorts of organisms 

(Nielsen and West 1994). However, the task of electronically cataloguing the 

tremendous amounts of information stored in collections is a large and expensive one, 



and so far ody a tiny fiaction of most naniral history collections have been 

computerïzed. This is an especially pressing issue in the invertebrates, which make up 

approximately 314 of the total biota of the planet (Wilson 1988), but are poorly 

understood (especiaily the insects) in cornparison to what we know about the 

biodiversity of vertebrate animals. 

These computer databases may serve an even more important function than the 

simple cataloguing of species distributions, genetic and phenotypic variations, and Life 

history traits. As more information becomes available in digital format, these databases 

should also prove usefil for tracking species introductions and extirpations within a 

given region and over a given period of tirne. Again, this is of critical importance in the 

üivertebrates, where almost nothing is known about the relative commonness and rarity 

of most species, let alone whether species are vulnerable to extinction. 

This study examines patterns of species richness in the noctuid moth fauna 

(Lepidoptera: Noctuidae) of the Fundy Coast of New Brunswick, Canada. While 

species richness is oniy one component of biodiversity, it is the only component which 

can be quantified using historical collections data. To properly study insect abundance 

we would need a long-tenn monitoring program, which is beyond the scope of this 

project. The first objective of this shidy was to characterize the noctuid moth fauna of 

the Fundy Coast region, and to evaluate trends in the biodivenity and biogeography of 

this moth community. This was accomplished by the creation of a computerized 

noctuid moth database, using data fkom as many sources as possible. Monnation 

extracted fiom this database was then analyzed for patterns of species richness within 



the study region. The second objective of the study was to evaluate the usefulness of 

the avdable historical collection data for detecting species introductions and 

extirpations within the region. I used a bootstlap statistical technique that repeatedly 

resampled the data to estimate the probability of species introductions and extirpations 

of noctuid species within the region. 

Thk group of insects at this particular location was chosen for various reasons. 

h g  the insects, the Order Lepidoptera (skippers, buttedies, aod moths) is one of 

the most diverse and speciose, with over 11,200 species descriied fiom eastem North 

America alone (CoveU 1984). Although Canada's lepidoptenui fauna has been 

extensively collected and catalogued, Little effort has been put into analyzing patterns of 

species richness and diversity (but see Kerr et. al. 1998). Considering Canada's 

commitment to the Convention on Biological Diversity, (Government of Canada, 

Department of Extemal AfEairs and International Trade 1994), and that among the 

insects, the Lepidoptera is certainly one of the best-studied groups, it is surprising that 

this type of work hasn't been done. It is estïmated that about 50% of Canada's species 

are UnkIlowa and undescnbed, with approximately 2,000 species remaining to be 

discovered within the Lepidoptera @a& 1978). Our kmwledge of New Brunswick's 

moth fauna is particdarly poor. The Iast series of checklists of the Lepidoptera of New 

Brunswick were published about 100 years ago (Mchtosh 1898, 1899,190 1, 1904). 

The Iack of recent infionnation impedes any analysis of large-scale patterns of 

lepidopteran species richness, or a search for trends in lepidopteran populations over 

time- 



Although it is more cornmon to survey ail the macrolepidopteran families in 

moth biodiversity studies (for example, see Edsall and Clay 1994, Thomas and Clay 

1995, Thomas e t  al. 1996), the amount of time required for such a large-scale study is 

immense (Marshall et. al. 1994, Danks 1996) and would have been beyond the scope of 

this 2-year project. Therefore the Noctuidae were selected as a reasonably 

representative subset of the Lepidoptera- Of the 67 major families in the Order 

Lepidoptera, Noctuidae is by fat the most diverse, with approximately 20,000 species 

world-wide and about 2,900 species in North America (Covell 1984)- Preliminary 

surveys suggest there are approximately 300 - 600 species of noctuid moths in New 

Brunswick (Dr. Thomas, Canadian Forest Service, pers. comm.)'. Noctuidae is 

separated into 18 s u b f d e s  which exhibit a wÏde variety of physical forms, feeding 

guilds and habitat requirements (Covell1984, Rockburne and Lafontaine 1976). in 

light-trap catches they often make up more than 50% of the catch, both in numbers of 

individuals and numbers of species (Dr. Thomas, Canadian Forest SeMce, pers. 

comm.). Because they are physically large and are nurnerous in the wild, the noctuid 

moths are a well-sampled group and are well-represented in most insect collections. 

New Brunswick's Fundy Coast was an ideal location for this survey. Al1 the 

information required to generate a comprehensive species checklist and to analyze 

patterns of species richness was available, but most of it had not yet been compiled into 

a usable format. For instance, although researchers have compiled and published 

checklists (and somethes range maps) of the lepidopteran fauna in Nova Scotia, 

Nedoundland, Quebec, Maine and other neighboring States and provinces (e-g. 



Rockbume and Lafontaine 1976, Ferguson 1953, Morris 1980, Forbes 1954, Brower 

1974, Brower l984), the Province of New Brunswick has not done so in recent history 

(but see Thomas 1995). With the exception of a few pest species iïke gypsy moth 

(Lymantria dispar (L.)) and spruce budworm (Chorr'stoneura fimiferana (Clem.)), 

almost nothing is known about the distribution and abundance of moths in the province. 

Currently, it is impossibIe to conclude whether a specinc lepidopteran species is 

common, rare or endangered in New B m w i c k  because of the Iack of properly 

compiled data, 

The Fundy Coast of New Brunswick is composed of an unique ecochatic 

region, the Maritime Acadian Highlands (Environment Canada 1990)- The Highlands 

comprise the narrow coastal strip of land (3-30 km wide) which runs the length of the 

Bay of Fundy in both New Brunswick and Nova Scotia, as well as the western portion 

of Cape Breton (Environment Canada 1990). The region is characterized by warm, 

rainy summers, mild, wet winters, and fiequent fog (Environment Canada 1989). The 

dominant vegetation type is red spruce (Picea mbens Sparg.), white spruce (Picea 

glauca (Moench) Voss), and balsam fi (Abies balsamea (L.) W.) forest (Environment 

Canada 1989, Environment Canada 1990, McCalla 1988). The Maritimes is the only 

regioo of Canada where this forest type can be found, and since lepidopteran 

community composition is directly affected b y the host plant commuaity composition, 

the region Likely contains a unique moth community as weli. 

While the Canadian National ùwct Collection is quite deficient in New 

Brunswick records in general (Dr. J. D. Lafontaine, pers. ~omm.)~, the Canadian Forest 



Service (which includes the former Forest Insect and Disease Survey of Canada), Fundy 

National Park, and various other professional and amateur collectors have gathered 

fairly comprehensive collections of the lepidopteran fauna of the Fundy Coast. In 

particular, the extensive 1110th sampling which has recently been done in Fundy 

National Park (FNP) (Edsali and Clay 1994, Thomas and Clay 1995, Thomas et. al- 

1996) provides excellent baseline data with which to compare the Park's moth fauna 

with samples taken outside the Park This body of research also rnakes the Fundy Coast 

the best-studied segment of the province to date. 

It is also important to test the usefühess of the existing collections data. Ifour 

understanding of the state of Canadian biodiversity stems nom information stored in 

natural history collections, then it is doubly important that we ensure that these 

collections are accurate reflections of Canadian biodiversity. New insect species 

continue to be discovered, and the ranges of known species continue to be better 

understood as new specimens are added to collections. As climates are altered slowly 

due to global wanning and deforestation, and as land uses change over t h e ,  so will the 

composition of insect communities change. Therefore at some point, examining very 

old species records fkom any given location will no longer give an accurate account of 

what species occur in that location at the present t h e .  This is probably the most 

important reason to continue collecting across al1 taxa in the present day. 

Furthemore, because of the very nature of naturai history collections, especially 

insect collections, the data which can be gathered fiom them is anything but unitom. 

The specimens housed in most coliections corne fiom a vast variety of sources. For 



example, the New Brunswick noctuid moth specimens housed at the Canadian Forest 

Service Atlantic Centre's Insect Reference Collection are m d y  fiom the former Forest 

Insect and Disease S w e y ,  and most consist of records fkom the years Erom 1940-1960 

(personal observation)- At the National Insect Collection in Ottawa, specfmens are 

primady fiom research done in Kouchibouguac National Park, as well as individuals 

donated to the Collection by private coilectors (personal observation). At the New 

Brunswick Museum, aImost ail moth records are fiom the Fundy Coast region, because 

the private coilectors who have donated their material to the collection al1 Live and 

collect along the Bay of Fundy (personai observation). Typically, there are many years 

for which there are no records at ail, and other years represented by hundreds or 

thousands of records. 

In Chapter 2, the historic and contemporary data sets are described, analyzed, 

and the patterns of nochiid moth biodiversity along the Coast are examined. Collection 

efforts past and present are summarized and an extensive List of the Noctuidae of the 

Coast is presented. This checklist is then analyzed for geographic variations in species 

richness along the length of the Coast, and possible reasons for these patterns are 

presented. 

In Chapter 3, the issues of species extirpations and invasions through time are 

analyzed. In this study, a number of species were observed to occur solely in the 

historic @re-1970) data set or solely in the modem (1970-on) data set. 'This could have 

occurred either as a sampiing error (e-g. by chance) or because some species have 

actualiy been extirpated and others introduced into the region. The problems intrinsic to 



analyzing such extremely heterogeneous data are explored using bootstrap statistical 

methods that repeatedy resample the data set to e s h a t e  the probability that a certain 

number of species are missing from a data set by chance alone. These estimates are 

then compared with the actuai number of missing species (Peterson 199 1, Simon and 

Bruce 1991)- 

1.1 Endnotes to Chapter 1 

' ~ r .  Anthony W. Thomas, Research Scientist. Biodiversity Network, Canadian Forest 

Service - Atlantic Forestry Centre, Nahiral Resources Canada. P. O. Box 4000, 

Fredericton, New Brunswick, Canada. E3B 5P7. 

' ~ r .  J. Donald Lafontaine, Research Scientist, Lepidopteran Systematics. Eastern 

Cereal and Oilseed Research Centre, Agriculture and Agri-Food Canada. Ottawa, 

Ontario, Canada. K1A OC6. 



Chapter 2: Patterns of species richness in the noctuid moth fauna 

(Lepidoptera: Noctuidae) of the Fundy Coast of New Brunswick 

2.0 Abstract 

Although the diversity and species distriâutions of plants and vertebrates bas 

been extensively studied, that of many invertebrates have been largely ignored. One of 

the exceptions to this general rule is the well-shidied Lepidoptera, where there are 

numerous publications available which List species distributions. However, there are 

still large gaps in the available information. For example, there has been no published 

List of the Lepidoptera of New Brunswick for 100 years. The goal of this chapter is to 

fil1 in a part of this lmowledge gap by characterizhg the noctuid moth fauna 

(Lepidoptera: Noctuidae) of the Fundy Coast of New Bnuiswick, Canada. A computer 

database comprising 6869 records of noctuid moths from the Fundy Coast was 

cornpiled fiom numerous sources, including records fiom various insect collections, 

publications, and systematic sampling programs. The information fiom this database 

was then used to compare the noctuid moth fauna of Fundy National Park (FNP) with 

the noctuid fauna of the rest of the Acadian Highlands Ecoregion, to determine if FNP 

is adequately preserving the region's moth fauna. Analysis shows that the noctuid moth 

faunas of the two ends of the region, Charlotte and Albert Counties, are signincantly 

different, with each county hosting a number of species unique to that county (Charlotte 

unique species n = 78, Albert n = 47). Most of this difference can probably be 

attributed to the difXerent plant Life available in each CO-. It was concluded that FNP 



Likely hosts a representative community ofthe Local moth fama, ifrecently naturalized 

species which feed on exotics are excluded. This study dso recorded 9 noctuid species 

occurrïng within the Fundy Coast region for the first time, four of which are new 

records for the province of New Brunswick. 

2.1 Introduction 

In order to make appropriate management decisions, biologists and resource 

managers need to understand how changes in biodiversity affect al1 organisms within an 

ecosystem (Kremen 1994, Kim 1993). More specifïcaiIy, an understanding of the 

patterns of diversity of the native flora and fauna of a aven habitat, ecosystem, or 

ecoregion cm provide a data base k m  which to evaluate natural perturbations and 

hurnan impacts on the environment (Krernen 1994). Understanding how such patterns 

of diversity have changed through time dows scientists to detennine the extent of these 

impacts, and to identify areas that may require immediate conservation or restoration 

efforts (Kremen 1994). 

Although biodiversity and species distributions have been studied extensively in 

vertebrates and many groups of plants (Cunie 199 1, Wright et. al. 1993, Latham and 

Ricklefs 1993), invertebrates have been largely ignored (Samways 1993, Kremen 

1994). This is unfortunate as vertebrates and plants only account for 20% of the 

planet's total described species richness (Wilson 1988). There are an estimated one 

million descnied species of invertebrates, of which 75 1,000 are hsects (Wlson 1988). 



Various authors estimate that we have idenaed oniy between 10-50% of the insect 

species on the planet (Wilson 1988). Current scientinc and technical resources do not 

allow exhaustive studies of ali extant taxa. However, biologists and resource managers 

c m  make fairly accurate estimations of the effect of specific environmental variables on 

other related invertebrate groups using well-studied, representative groups of 

invertebrates such as butterfiies, moths, and some groups of beetles (Kremen 1994, 

Erhardt and Thomas 199 1, Butler and Zivkovich 1995). 

The Lepidoptera (butterflies, skippers and moths) are probably the best-shidied 

group of insects worldwide (Lindroth 1957). in eastern North America there are 

numerous publications which descnbe species and thek distributions (e.g. Ferguson 

1953, Forbes 1954, Brower 1974, Rockburne and Lafiontaine 1976, Morris 1980, 

Brower 1984, Covell 1984, Thomas 1995, Holmes 199 1, Layberry et. al. 1998)- 

However, even with aii this information, there are stiil large gaps in our knowledge of 

the eastem Lepidoptera. For example, the 1 s t  series of checkiists for the province of 

New Brunswick were pubtished at the turn of the century (Mchtosh 1898, 1899, 190 1). 

Lack of modem information is a serious impedirnent to i d e n m g  the distributions of 

many lepidopteran species. 

This chapter focuses on the description of a small portion of the New Brunswick 

moth fauna, the noctuid moth fauna (Lepidoptera: Noctuidae) of the Fundy Coast. 

Chapter 1 introduced the Fundy Coast, the Acadian Highlands Ecoregion, and 

summarized our current state of howledge of the Lepidoptera of the region. The 

Acadian Highlands stand out as one of the best-collected regions of the province of 



New Brunswick, yet, to date, the only published species lists available for the region are 

al1 from Fundy National Park According to Environment Canada's Nationai Parks 

System Plan, one of the goals of the National Parks Systern is to preserve a 

representative portion of each of the Ecoregions of Canada (Environment Canada 

1990). The information available on the moth fauna of Fundy National Park can be 

used in a comparative study to determine how well the Park is presenring the native 

moth fauna, and, by e-ension, the rest of the insect fauna as well. Whiie it is fairly 

certain that Fundy National Park is of adequate size and in an appropriate location to 

preserve a good portion of the larger vertebrates and plants of the region, it is nowhere 

near certain if the native invertebrate community is also adequately represented. This 

study will begin to look at this issue by analyzing the historical and geographical 

patterns of species richness of the noctuid moths of the Acadian Highlands. 

This chapter has three objectives. First, 1 will characterize the noctuid moth 

fauna (Lepidoptera: Noctuidae) of the Fundy Coast of New Brunswick, Canada. This 

work will generate a comprehensive checklist of the noctuid moth species of the region, 

which will contribute towards a fiiture province-wide checklist and atlas of the moths of 

New Brunswick. The second objective is to determine if a sufncient level of collecting 

has been completed dong the Coast to be able to analyze the h a  for patterns of 

species richness. The data will be analyzed for evidence that collection efforts are 

nearing completîon (i.e., that most of the species available to be collected have been 

collected). The hnal objective is to compare Fundy National Park's noctuid moth 

species list with the species list generated fiom points outside the Park within the 



Acadian Highlands in New BrunswW1ck (e-g. in S t  John and Charlotte Counties), to 

deterrnine if Fundy National Park is adequateiy representing the 1110th fauna of this 

unique ecoregion- 

2.2 Methods 

2.2.1 Data CoIlection 

Data f?om a variety of sources were recorded and compiled into a cornputer 

database. The database itself will be described in section 2.2.2- 

2.2. la  Historic Data 

Specimens were recorded from three publicly-owed insect collections - the 

Canadian National hsect Collection in Ottawa (CNC), the Canadian Forest Service 

Atlantic Centre's Insect Reference Collection in Fredericton (CFS), and the New 

Brunswick Museum's Insect Collection in St. John (NBM). At each location, ali 

drawers containing nochiid moths were searched for specimens which had been 

captured within Charlotte, S t  John, and Albert Counties in New Brunswick. For each 

specimen recorded, its scientinc name, capture location and date, and originating 

institution were noted, and the drawer or cabinet was marked so the same specimens 

were not recorded twice. 

It was important to ensure that the correct information was entered for each 

specimen. Misidentified specimens were fairly common at both the CFS and NBM 



collections. TI& was because many of the specimens were identified by amateur 

collectors or by forest rangers whose specialty was not entomology. Specimens at the 

CNC are al1 identified by Canada's leading professional entomologists and ail 

designations are assumed to be correct. To ensure that ody correctly identified 

specirnens were recorded at the CFS and NBM, some basic decision-making d e s  were 

applied to these collections. 

It is common practice for the person who identifies a specimen to include their 

name on the determination label. If the specimen had been identified by a recognized 

expert (e.g. 'Ottawa' labels, meaning an expert from the CNC, as well as Ferguson, 

Brower, Franclemont, and several others), it was assumed to be correctly identified. if 

the species were one that is readily identified by a relative amateur (some examples 

include Callopistrïa cordata (Ljungh), Phlogophoru spp., Agrotis @ d o n  (Hufii.), 

Noctua pronubu (L.)), then al1 such specimens were entered into the database, 

regardless of who identified them. If the specimen had been misidentified but codd be 

correctly identified by myself, it was recorded in the database under its correct name, 

and a new label placed on the specimen to indicate this. Material examined and 

accepted at the CFS collection was marked with an orange dot on the determination 

label, to indicate to firture researchers that these specimens are already recorded in a 

cornputer database. If the identification of the specimen was in doubt, it was not 

entered into the database. 

The Canadian Forest Service also has two electronic databases of insect records 

nom various surveys of the Maritime forests. Both the CAPS (Condition Appraisal 



Points) and the ARNEWS (Acid Rain National Eariy Warning System) (Georgette 

Smith, pers. comm.') plot databases had a few noctuid records which were added to the 

database. 

2.2.1 b Published Checklkts 

The k t  checklist of the Noctuidae of New Brunswick was published by 

Mchtosh at the tltm of the century (Mchtosh 1899). However, voucher specimens 

(any specimen coUected during research work, cited in the text of a resulting paper or 

book, and deposited in a public collection for fuhue reference) fiom this checklist are 

deposited at the NBM and were recorded as individual specimens during the museum 

survey. The only other checklists for any portion of the study region corne fkom recent 

s u e s  in Fundy National Park (Edsall and Clay 1994, Thomas and Clay 1995, Thomas 

et  al. 1996). Each of these checklists was entered into the database, with each species 

recorded once for each year it was recorded in the published List. In the Thomas and 

Clay ( 1995) and Thomas et. al. (1996) papers, flight dates (the actual dates during 

which a particular 1110th species was recorded in the trap) were published for each 

species listed, sometimes with gaps of a week or two between separate flights of the 

same species. In these instances, each species was recorded once per flight period. For 

example, a species th& has two broods in one year, one in s p ~ g  and one later in the 

summer, will have two separate and distinct emergences of the adult moths. Such a 

species would have adults caught by light trap in two separate waves, and would 

therefore have two records for that study in the database. 



2.2.1~ Private Cofie~n~ons 

Three privateiy-owned insect collections were viewed and recorded into the 

database, Dr. Dick Peterson's collection for the St, Andrews region, Brian Dalzeil's 

collection for Grand Manan Island, and Dr. David G a s W s  collection for Lords Cove, 

Deer Island. ui each instance' specimens were examined by me and their identifications 

confitaied. Gaskin's collection was also examined by Dr. Lafontaine at the CNC, who 

aided in correcting misidentified specimens. Dalzell's collection was identined by a 

fairly reLiable local collecter, Jim Edsall, and re-examined by myself as well. It was not 

possible to confirm the identifications of aii the specimens in Peterson's collection, 

however, as many as possible were examined by myselfor other local experts. 

Suspicious identifications ûom Peterson's collection (e-g. species which are not 

expected to occur within the study region, usually southem sister species of the 

Canadian fauna) are included in the h a 1  checklist (Appendix l), but are marked with 

an astensk, 

Many specimens fiom ail these data sources were listed under old taxonomie 

designations. In the database, ail specimens were recorded under their currently 

accepted names, accordhg to Hodges (1 983) checklist- Subsequent name changes fkom 

this checklist follow Poole (1 996). 

2.2.1d Nocriid Moth Ligkt Trupping Program I997/96 

A light-trapping program was undertaken during the summers of 1997 and 1998 

to determine if sutncient collecting had been done along the Fundy Coast to generate a 



reasonably complete List of the noctuid moth fauna. Aithough many factors such as trap 

size and height, type ofbulb used, location of the trap wïthin the study site, and 

environmentai conditions, will affect light trap catches (Bowden 1982, Marshall et. al. 

1994), Light traps are stiU considered the most effective rnethod of trapping nocturnal 

moths. Light traps corne in many varieties, the simplest of which is a strong Light 

(usually either mercury-vapor (MV) or ultra-violet (UV)) with a white sheet hanging 

underneath, With this sort oftrap, the coItector must remain at the trap al1 night and 

band-collect desired specimens- This method is not very objective. The collector may 

entirely miss collecting specimens of dl the species present at the trap, especiaily ifthe 

number of insects attracted to the Lght is very large. This method also demands a 

trernendous amount of time and effort on behaff of the collector. The more common 

type of Light trap is a bucket design, fitted with an MV or W Light above the bucket, 

surrounded by several transparent bmes  and with a funnel leading down into the 

bucket. As the moths fly in towards the light, they strike one of the batnes, fa11 down 

through the fùnnel and into the bucket of the trap, where they are killed by a poison 

such as Vapona. 

There are several other methods of collecting adult moths, however none is as 

efficient as the light trap for collecting large numbers of good-quality specimens in an 

objective manner. Day-flying species are ofken caught by hand or with a solution of 

fermented h i t  and beer (Holland 1968), however, relatively few species of noctuids are 

diumal. In this study ody 2 of the species recorded (Aljpia octomocuZafa (F.) and 

Alypia Iangoni Couper) are stnctly diurnal (e.g. aren't attracted to Lights). The few 



diurnal species found in New Brunswick are relatively well-collected, and most of these 

species are also attracted to lights &et dark. The vast majority of the Noctuidae are 

nocturnal or are diurnai species which are attracted to lights (e-g. 99.5% of the species 

recorded in this study). The other commonly used insect trapping methods such as pan 

traps and Malaise traps also catch small numbers of moths, but the specimens are ofien 

destroyed or unidentEab1e by the time the catches are collected (MarshaIl et, al. 1994). 

These methods fail to collect moths in sdficient numbers and variety for a 

comprehensive survey. 

For this study, four standard IO-watt W light traps (bucket design, made by 

BioQuip, California, and supplied for this study courtesy of Fundy National Park) were 

operated fiom the beginning of June to the end of August, 1997, at four locations along 

the Fundy Coast. These light traps are the same traps which were used in the earlier 

moth surveys in Fundy National Park (Edsall and Clay 1994, Thomas and Clay 1995, 

Thomas et. al. 1996). The two trap sites in Fundy, Alma and Wolfe Lake, were also the 

same sites used in the earlier publications. It was hoped that by rehiming to these sites, 

a cornparison of the published species Lists and the samples taken in 1997 could be 

made. The two trapping Locations in Charlotte Cou* - St. Andrews (Huntsman 

Marine Science Centre), and Lords Cove, Deer Island - had excellent species lists 

compiled by private coilectors. Dr. Dick Peterson has been coilecting in the St. 

Andrews region since 1970, and Dr. David Gaskin collected at Lords Cove, Deer Island 

fkom 1966 to 1996. By setting light traps at these sites, we hoped to determine how 

complete a collection these private collectors had made of the local moth fauoa. The St. 



Andrews region is also represented by numerous specirnens found at both the CNC and 

CFS collections. 

The traps were operated every night during the trapping penod ftom sundown to 

sunrise (with a few exceptions due to technical problems with the traps), and the catch 

collected each morning. Each trap had several strips of Vapona attached to the inside of 

the bucket to kill captured insects. Each night's catch was placed in a separate 

container, labeled, and fiozen untll it could be collected and sorte& The catches were 

then sorted and the number and type of noctuid moths counted. As many moths as 

possible were identified to species level. Specimens not readily identined were pinned, 

spread, and taken to the Canadian Forest Service Atlantic Forestry Centre, where their 

identity was confirmed at the Atlantic Centre's Insect Reference Collection, aided by 

curator Georgette Smith, and with the help of Dr. Tony Thomas. 

During the summer of 1998, Light-trapping continued at the Deer Island site. Au 

additional Light trap was operated by a volunteer, Elaine Maker, on Grand Manan 

Island. The purpose of the 1998 season was to complete collection of the Charlotte 

County noctuid fauna. Trapping was not continued at Fundy National Park because it 

was felt that with the low numbers of newly-recorded species captured in 1997 (see 

Tables 2.2 and 2.3), and with the previous Light-trapping studies which had been done at 

the Park, that collecting there was fairly complete. The trap at Deer Island was operated 

four nights out of every seven, and the trap at Deep Cove, Grand Manan Island, was 

operated three to four nights out of every seven, although the fiequency of trapping 

varied slightly depending on the availability of the volunteer. Catches were sorted and 



stored as before, with voucher specimens for most species being pinned and spread- 

Voucher specimens for both the L997 and 1998 Light trapping seasons wiU be deposited 

at the New Brunswick Museum and at the Canadian Forest Service Atlantic Centre's 

insect Reference Collection. 

2.2.2 The Fundy Coast Noctuid Moth Database 

The electronic database was constmcted using File Maker Pro v. 2.1 (Clark 

Corporation, O 1994)'. This program was chosen for its easy interface, and ease of 

importing and exporting data to other software applications. Each specimen (or 

published List entry) was recorded on a form with numerous data fields (see Table 2.1 

for a description of these fields). As many fields as possible were filled in for each 

record entered into the database. The main table, titled "FNDYCST", fists 41 1 species 

of noctuid moths, with a total of 6869 records. The database spans over 100 years of 

collecting, nom 1894 to 1998. 

Two lookup tables were built to aid with data entry. Lookup tables are linked to 

the main data table, to a specific field or fields, so that the user only has to enter a code 

or some small part of the information than would otherwise be necessary. This speeds 

up the process of data entry and lowers the risks of errors. The 'TIODGES" lookup 

table Lists the Subfamily, Genus, Species and Hodges # for a total of 1283 species of 

noctuid moths. The table was coded so that in the main table, only the specific name 

had to be typed into the appropriate field and the Subfamily, Genus and Hodges # fields 

would automatically be entered if a matching specisc name in the HODGES table were 



found This served as an error-checking mechanism. Ifa specific name were 

misspelled in the main data table, the other fields would not be updated when the cursor 

was moved off the Species field, thus alerting the user that a rnatching entry did not 

exist in the HODGES table, or that the entry had been misspelled. 

The second lookup table, "LOCATIOW, contained al1 the location information: 

Location, County, Loc Code (a unique code number for each Iocation), UTM Zone 

(Universal Transmercador Grid Zoaing code), Easting, and Noahing (which are both 

components of the UTM code). Again, in the main data table the user need only enter 

the Location Code in the Loc Code field; the rest of tbe information for that location 

would appear in the appropriate fields when the cursor was moved off the Loc Code 

field. The UTM grid coordinates are especially important as they allow for easy 

generation of species distribution and nchness maps. In total the LOCATION table 

contains information for 34 collection locations. 

2.2.3 Species Checkiist 

A list of all the species recorded in the database was generated and is presented 

in Appendk 1. 

At the end of my collection efforts, Thomas (1998) published another paper on 

the moths of Fundy National Park and the Greater Fundy Ecosystem (Thomas 1998). 

Data f?om this paper were not included in the noctuid moth database for two reasons. 

First, this paper sutnmarizes aU previous work done in the Park, so most of the entries 

would have been redundant. Secondly, unlike the other papers published on this region, 



the check list in Thomas (1998) is not specinc about locations where the moths were 

collected. Therefore I felt that they could not be included in the database or the rest of 

the analysis. The 24 species appearing in Thomas (1998) which do not appear in my 

noctuid moth database are listed in Appendix 2. These records are likely a Light 

trap which Thomas ran in FNP during the summer of 1997, as these species do not 

occur in any other FNP moth checkiists. 

2.2.4 Anaiysis of Historie Data 

The fim step in the analysis of patterns in noctuid 1110th biodiversity and 

biogeography dong the Fundy Coast was to decide if the records available from al1 

historic data sources (insect collections and existuig publications) were sufficient to 

describe accurately the extant noctuid fauna of the region. In order to determine this, 

historic species lists fkom four locations - Wolfe Lake, Ahna, St. Andrews and Lords 

Cove (see Figure 2.1) - were compared with Lists generated fiom the Light trapping runs 

conducted at these same sites during the summer of 1997. Theoretically, if the historic 

lists were complete, then no new species should have been captured in the 1997 

trapping season. 

At each trapping location, new species were captured in 1997. In Albert 

County, 12 species were newly recorded at Alma, and 6 new species were first recorded 

at Wolfe Lake (Tables 2.2 and 2.3). In Charlotte County, 37 new species were captured 

at Lords Cove, Deer Island (27 of those were k t  recorded in 1997, the remaining 10 in 

1998) and 13 species were nrSt recorded at St. Andrews (Tables 2.4 and 2.5). This 



suggests that collection efforts along the Coast are not yet complete. 

2.2.4a Determination of Co fleetiorr Effort 

Since collection efforts were considered to be  incomplete along the Coast (see 

above), the next step in the analysis was to determine how close to completion the 

collection effort is. Ifa high percentag~ of species have already been recorded, and if 

only a smaii proportion of the species captured in recent years are new to the record, 

then the collection effort can be considered adequate for m e r  analysis. in order to 

determine the quality of the collection effort throughout the study region (in this case, 

analyzing al l  available data fkom coilections, publications and my own trapping 

seasons), a number of histograms was generated For the Coast as a whole, each 

comty, and for each location where iight traps were operated in 1997, three histograms 

were generated. The fmt histogram for each site or region depicts the number of 

species recorded each year, for al l  years represented in the database (Figures 2.2,2.5, 

2.8,2.11,2.14,2.17,2.20,2.23). The second histogram compares the number of newly 

recorded species each year to the number of previously recorded species (Figures 2.3, 

2.6,2.9,2.12,2.15,2.18,2.2 1,2.24). The third histogram depicts the proportion of new 

species captured each year (Figures 2.4,2.7,2.10,2.13,2.16,2.19,2.22,2.25). 

2 3 A b  Determination of the m u n t  Nocîuid Fauna 

One interesting question arising f h n  these data is whether or not the older 

historical records should be considered a part of the extant moth fauna. The Fundy 



Coast, iike many regions of Canada, has experienced a tremendous degree of land-use 

change over the last 100 years ( M m  1975). It is iïkely that some species have become 

extirpated fiom the region, while others have ïnvaded. Several species found wjthin the 

region are hown invaders, e-g. Noctua pronuba (L.), Callophasia lunula (Hufii.), 

Caradrina morpheus (Huh.), Amphipyrn tragopoginis (Cl.) (Lindroth 1957, Wright 

1987). Chapter 3 will evaluate the probability of invasions and extirpations within the 

noctuid moth fauna of the Fundy Coast. 

The IUCN Invertebrate Red Data Book (Wells et. al, 1984) defines extinction as 

the absence of observations of a species for 50 years. In the case of the nochiid fauna 

along the Fundy Coast, only a very smali amount of collecting occurred prior to 1948. 

Because of this, 1 had to adjust the criteria for extinction to a less consecvative value. 

For this data set, the most obvious and dramatic difference in coilection effort occurs at 

the beginnïng of the 1970s (see Figures 2.2,2.5,2-11). This appears to be the most 

appropriate demarcation for splitîing the data set into "historic" @re-1970) and 

bbmodern" (1970-onwards) cornponents, and these subgroups are used in al1 of my 

subsequent analyses. Therefore, 1 accept as extinct the a species which has been absent 

fkom the region for more than 28 years (e.g. found before 1970, but absent f?om 1969 to 

1998.) 1 compared species richness among the three different counties along the Fundy 

Coast (Charlotte, St. John, and Albert) using species checklists generated fiorn the 

modern data sets for each county. 



2.3 Results 

2.3.1 Characterizatioo of the Noctuid Moth Fauna of the Fundy Coast 

Each county contained a number of unique species, and species shared with one 

or more other counties. Charlotte County had the higbest number of unique species (n = 

78, Table 2.6). Two of these species, Pantheafùrcillu (Pack.) and Raphia abrupta Grt., 

are believed not to occur in Canada. They are considered to be strictly southem species 

and should not be considered part of the Charlotte County fauna at this point. Pantheu 

fircillu has a nearly identical sister species, P. pallescens McD., which has a more 

northem distribution. So far ail specimens fiom Canada have been identined as P. 

pallescens (the two records of P-firrcilla in the database were likely misidentified). 

However, Pantheaficrciïh is recorded in Maine (8rower 1974). Since Deer Island and 

St. Andrews are both situated on the MaineNew Brunswick border, it is possible that 

this species couid be fond  in this most southem portion of New Brunswick. 

Eleven species were unique to S t  John County despite Low modem sampling 

efforts (Table 2.7). Here again two of the recorded species can reasonably be 

discounted. Ascalapha odorata (L.) is a tropical species which often migrates 

northward in the fd (Rockbume and Lafontaine 1976, Covell1984). Its host plants do 

not grow in the Maritimes, so it is considered a transient species, and not part of the 

resident moth fauna. Caenwgina erech tea (Cram.) is another southem species which 

has a northem, almost identicai cousin, C. crossiscula (Haw.) Genitalic dissection can 

tell these species apart although I was unable to dissect the specimens marked as C. 

erechtea in the NBM. 1 Left these specimens under their original designation, with an 



astensk to mark that their identity is stiU in question. 

Albert County hosted 47 unique species (Table 2.8). Ln this county there was 

only one species record which should probably be discounted. Magura oraifera (Wik.) 

is another tropical species which occasionaiIy migrates up the coast to the Maritimes 

(Covell 1984). 

23.2 Quality of the Collection Effort 

It is not possible to generate tme species-accumuiation curves for any of the 

tcapping locations because of the extreme heterogeneity in sampling efforts and 

methods represented in the data. The histograms showing the number of species 

captured each year, and those showing the proportion of new species captured each year 

are used instead to estimate the relative return on the collection effort, These 

histograms demonstrate that in most areas the collection effort has been highest over 

approximately the last 10 years (Figures 2.2,2.5,2.8,2.11,2.17,2.20,2.23, with the 

exception of St. John County, where the greatest effort occurred at the turn of the 

century, Figure 2.14). Although new species have continued to be caphired at d l  

locations, the proportion of new records each year has dropped below 5% for the whole 

coast during the period of greatest collection effort (Figure 2.4), which suggests that 

sufficient coilecting has been done within the region (Le., that rnost of the species 

availabie to be captured have already been collected). 



23.3 Patterns of Species Richness 

Figure 2.26 illustrates how the nochùd moth community varies along the length 

of the Fundy Coast. Few species were shared between counties that are adjacent to each 

other and not in the third county (e-g. Charlotte and St. Iohn ody share 8 species that 

were not fond in Albert County, and St. John and Albert only share 6 species that were 

not found in Charlotte County). This is mely an artifact that red ted  nom the 

relatively s m d  modem data set in S t  Iohn County in cornparison to Charlotte and 

Albert Counties (Charlotte n = 3 18 species, Aibert n = 285 species, St. John n = 95 

species). The 162 species shared between Charlotte and Albert counties that are not 

recorded in the intervening St. John County are likely present in St. John County, but 

they have not been o&ciaily recorded there because of the low modem sampling effort. 

Aimost ail the records for Albert County corne fiom Fundy National Park. A total of 

382 species are recorded in the modem data sets for the three counties, yet Fundy 

National Park only holds 75% of these species (Figure 2.26). Because of this large 

change in the number and type of noctuid moth species found along the length of the 

Coast, it is questionable whether Fundy National Park's noctuid moth fauna is t d y  

representative of the moth fauna of the Fundy Coast region. 

2.4 Discussion 

2.4.1 New Speeies Records for the Fundy Coast 

The Fundy Coast noctuid moth checklist holds a number of valuable records for 

species which are new to the Acadian Highlands ecoregion, and a few wùich are 



entirely new to the province- Four species were recorded here for the h t  time in the 

province of New Brunswick, due to my Iight-trapping surveys carrïed out in 1997/98. 

These species are Drmterza graphica Wn. fiom Wolfe Lake, Fundy National Park, 

Acronicta subochreu Grt. and Zale obliqua (Gn-) from Lords Cove, Deer Island, and 

Simyra henrici (Ga.) fkom St. Andrews. AI1 four species are recorded in Maine 

(Brower 1974); A. subochrea and hennki are also recorded in Nova Scotia (Ferguson 

1953). These records either indicate that these species are expanding their ranges, or 

that they have been present but unrecorded in the province. 1 consider it Wçely that 

most of these species have been present in New Brunswick for some tirne. Acronicta 

subochrea is listed as rare throughout its range (Ferguson 1953, Covell 1984), so 

collecting specimens may be difFcult. Simyra henrici is a marsh species (Ferguson 

1953, Covell 1984); rnarsh and bog species in general are poorly represented in 

collections (personal observation). The host plants for both these species occur in New 

Brunswick The rarity of records for D. graphica is surprising. Its host plant is 

blueberry (Covell l984), a plant which is abundant throughout the Maritimes. ZaIe 

obliqua is recorded only extendhg as far no& as New York State (Covell 1984), so 

this Canadian record probably represents either a stray individual or a misidentification. 

However, its host plants (Pinus spp.) are also abundant in New Brunswick, so a small 

resident population may be possible. This species is listed as uncornmon (Covell 1984). 

A number of noctuid species which have previously been recorded eIsewhere in 

New Brunswick are recorded here in the Fundy Coast region for the b t  tirne. Apamea 

inficia (WUc), recorded at Deer Island, was also recorded in Kouchibouguac National 



Park (CNC record). Euagrotr's forbesi Franc, recorded at Deer Island, is aiso recorded 

in Fredericton (CFS record) and Kouchibouguac National Park (CNC record). 

Leucania hennis (Fbs.) and Syngrapha microgramma (Hbn.), captured at Deer Island, 

are also reported from the Fredericton area (Thomas and Thomas 1994). Finaiiy, 

Rliyncagrotis adulta (Gn.) captured at St. Andrews, is also recorded in Kouchibouguac 

National Park (CNC record). in total, the 1997/98 Light trapping s w e y s  introduced 9 

new species into the record of the Fundy Coast moth fauna. 

To some extent, these new records probably reflect species which have been 

established in New Brunswick for quite some tirne, but which have gone unrecorded. It 

has already been noted that the histoncal information available for New Brunswick's 

Lepidoptera is particularly poor, especially in comparison to Nova Scotia (Ferguson 

1953) and Maine (Brower 1974, 1984). This, in turn, has intluenced published ranges 

of species in the Maritimes. Three of the four major publications which List noctuid 

moth species occurring in the region are Amencan (e.g. Forbes 1954, Brower 1974, 

Covell 1984), and a large portion of their published species ranges end abruptly at the 

Canada-US border (e.g. nom this study, Zanclognaiha ochreipennis (Grt.), Bomolocha 

deceptalis (Wlk.), Metalectra discalis (Grt.), Euparthenos nubilis @Ibn.), Tarachidia 

erastrioides (Gn.), Raphia abrupta Grt., Alwa octomamlata (F.), Balsa trïStrigeIla 

(WU(.), Balsa labecula (Grt.), Eueretugrotis signioides (Gn.)Jrasteria graphica Hbn. 

and Anathzk ralla, according to Covell(1984)). To an amateur entomologist, these 

publications give a faise impression about the ranges of these species by suggesting that 

they do not occur in Canada. 



A good portion of the studied area of Charlotte County shares a border with the 

state of Maine, or is only separated fiom Maine by water (e-g. St. Andrews and Deer 

Island are both on the Canada-US border). Three of the species listed above were 

recorded at either Deer Island or St- Andrews, the fourth, at the other end of the study 

region in Fundy National Park When reading published accounts of species ranges, we 

must remember that hsects do not respect international boundarïes. A better idea is to 

complete sweying of all regions (e-g- the Fundy Coast, and the rest of New 

Brunswick), and to publish the results so that the ranges of marginal Canadian species 

c m  be identSed and used as a basehe against which to compare fbture data. 

2.4.2 Patterns of Species Richness and the Representativeness of Fundy National 

Park 

There are several possible reasons for the large diEerence in the Charlotte and 

Albert County (Fundy National Park) species lists. Although the Fundy Coast is ail 

classed as belonging to the same ecoregion, the climate is not uniform fiom the 

southwest to the northeast (McCalla 1988). The southwestern end is generally 1 to 2 O C  

cooler in both winter and summer and receives around 500mm more precipitation than 

the northeastern end (McCalla L988). Lepidoptera are sensitive to small changes in 

temperature, humidity and other environmental variables (Bowden 1982, Dent and 

Pawar 1988, McGeachie 1989). Therefore the ciifference in climate dong the Coast 

could be responsible for the clifference in the species Iists of Charlotte and Albert 

Counties. I expected that a nurnber of moths in the southem portion of the region (e-g. 



Charlotte County) were close to the northem edge of their published geographic ranges. 

Conversely, 1 expected to fïnd some species unique to the northem portion of the region 

(e.g. Fundy National Park, in Albert County) which were close to the southem edge of 

their ranges. This was not the case. 

While ten species were found in Charlotte County whose published northem 

range k t  is Maine (e.g. Zmclognatha ochreipennis (Grt.), Bornolocha deceptalis 

(Wlk-), Metalectra discalir (Grt.), Euparthenos nu6iZf.s @a), Tarachidia erastnOides 

(Gn.), Raphia abnrpta Grt., A l ' i a  octomaculata (F.), Balsa fnStrigella (Wlk-), Balsa 

labecula (Grt.), and Eueretagrois sigrnoides (Gn.), according to Covell(1984)), two 

species matching this critenon were also found in Albert County (hs ier ia  graphica 

Hbn. and Anathzk ralla (G. & R), according to Covell(1984)). No specifically 

northern species were found uniquely in AIbert County. Overaii this suggests that the 

Fundy Coast region represents the northemmost Mt for all of these southern species. 

All the species Listed above are represented in the database by one to seven records, and 

could be considered rare within the region. Of the above species, Alypia octomacuiata 

(F.), Balsa tn'stngella (Wlk.) and Balsa labecula (Grt) are recorded elsewhere in New 

Brunswick (CFS collection records). Perhaps the relatively mild winters along the 

Fundy Coast have provided an opportunity for the rest of these species to becorne 

established, ifonly marpinally, in New Brunswick. While climate may explain the 

appearance of these southem species in the fauna, it is probably not a significant factor 

in explainhg the remaining variation between Charlotte and Albert Counties. 

The Fundy Coast can be roughly divided into two basic landforms: the Saint 



John River Valley and the Bay of Fundy Upland Zone (McCalla 1988). If landforms 

were important in determinïng the distniution of some lepidopteran species, then the 

lepidopteran faunas recorded within the two different landform types shodd be 

significantly different. To some degree this was observed, as the h e  for the two 

different landforms f d s  roughly in the middie of the region, and it has already been 

estabiïshed that the species lis& for each end of the Coast are quite different. However, 

there are not enough data avaiIabIe to test whether the Iandform or temperature 

hypotheses c m  be rejected. Although 34 collection locations are recorded in the 

database, there are oniy 4 locations (Lords Cove, St. Andrews, Wolfe Lake and Alma) 

which have large numbers of modem (1970-on) records. 

Different levels of urbanïzation, land use, and available host plants are likely 

responsible for a large portion of the variation in moth community structure. For 

exarnple, the southern end of the region (e.g. the Passamaquoddy Bay area) is 

significantly more urbanized and cdtivated than Fundy National Park (McCaiia 1988). 

The region around the city of St. John, where McIntosh did most of his coiIecthg in the 

late 1890's, has also grown over the last 100 years. With increasing urbanization, the 

introduction of ornamentai shrubs, trees and flowers (e.g. rose bushes, apple trees) have 

provided new habitat sources for new lepidopteran species. This is reflected to some 

extent in the moth fama of Charlotte County. The merences in vegetation between 

the north and south ends of the Fundy Coast go back much M e r  than 100 years. The 

St. Andrews region, in particda., has a large number of exotic plants in its vicinity, 

dating back to the days when British ships, in port to gather lumber, would dump their 



ballast water (possibly containhg seeds of exotic plans) in the harbor (Fowler 190 1). 

in Aibert County, where almost aiI of the available records corne nom Fundy 

National Park, the math species recorded are almost aU species which wodd be 

expected in a spnice-fir forest habitat (as found at the Alma site), or in the Maritime 

rnixed hardwood forest (found at the Wolfe Lake site). Few species which feed 

exclusively on omamentals are recorded in Fundy National Park. Therefore Fundy 

Nationai Park appears to be adequately presenring the native moth fauna of the forested 

component of the Coast (ifthe species feeding on cultivated plants are excluded). 

2.5 Conclusion 

The species checklist generated in the course of this study represents the most 

comprehensive checkList created to date of the noctuid moths of the Fundy Coast. It is 

also the most complete listing available of the noctuid moths for New Brunswick, even 

though it ody represents one smaii portion of the province, as no province-wide 

checklist has been published in over 100 years. It includes four species that had not 

previously been recorded in New Brunswick, and nine species new to the Fundy Coast 

region. These species would have been missed if the moth checklists for Fundy 

National Park and the historical records at the three major insect collections were used 

exclusively to generate the checklist. 

There are large ciifferences in the noctuid moth faunas recorded at the northem 

and southern ends of the Fundy Coast region. Charlotte County appears to host a large 



number of unique species, some of which have reached the northem edge of their range. 

Charlotte County dso holds records for a number of specïes that feed on ornamental 

trees and shmbs, which is not surprising as th-s end of the region is much more heavily 

urbanized and cultivated than Albert County. The species checklist of Albert Comty 

has fewer species, but the species recorded are mostly those expected within the types 

of habitats which used to be found all dong the Coast. There is Likely some sort of 

dividing h e  between the moth faunas of Charlotte and Albert counties, but not enough 

data are available to test ifthis is due to landfoms, temperature gradients, or both. 

2.6 Endnotes to Chapter 2 

I Georgette Smith, Insect Identification Officer- Forest Health Network, Canadian 

Forest Service - Atlantic Forestry Centre, Natural Resources Canada. P. O. Box 4000, 

Fredericton, New Bmswick, Canada, E3B 5P7. 

2 File Maker Pro v. 2.1, O 1994, Clark Corporation. 520 1 Patrick Henry Dr., Box 

58 168, Santa Clara, CA., USA. 95052-8 168. 



Chapter 3: Species extirpations and introductions in the noctuid moth 

fauna (Lepidoptera: Noctuidae) of the Fundy Coast of New Brunswick 

3.0 Abstract 

Quantimg changes in insect cornmunity composition over t h e  should ideally 

be performed using long te=, standardized monitoring programs. in the absence of 

such prograrns, it may stiil be possible to determine if events such as species 

extirpations and introductions have occurred, using information available fkom historic 

insect collections and publications. However, the data available from such sources are 

extremely heterogeneous. Presence or absence of a species in a collection may reflect 

collection effort and methods, which are rarely standardized over time or space. 

Distinguishing between sarnphg error and real extirpations or introductions is therefore 

challenging. Bootstrap statistical methods that resample this type of data set may be a 

better tool for estimating the probabilities of the presencelabsence of species in a given 

region at a given time. In this chapter the noctuïd moth database generated in Chapter 2 

is analyzed with a cornputer resampling program to esthate the probability that species 

have been extirpated and others introduced within the study region. Results fiom these 

simulations show that up to 13 species may have been extirpated ficorn the region, with 

the evidence strongest in Charlotte County. The data subset for S t  John County was 

examined for evidence of species introductions, with up to 21 introductions expected 

within the last 28 years. Lists of candidate species for extirpation and introduction are 

presented Future collection efforts almg the Fundy Coast should test the predictions 



generated by this bootstrap method by concentrating on searching for those species 

identified as candidates for extirpation, to determine ifthey still occur within the region. 

3.1 Introduction 

Two factors which influence changes in species nchness within a given region 

are the rate of species extirpations and introductions (MacArthur and Wdson 1967). 

These rates in tum are intluenced by environmental changes, including habitat 

modification and changing land use (MacArthur and Wilson 1967, Wells et. al. 1984, 

Spellerberg 1996), as welI as the addition or removal of barriers to movement. Most of 

the information available on species extirpations and introductions deais with vertebrate 

animals and vascular plants (Mosquin et. al. 1995). Insect introductions have been 

extensively studied ody in terms of pest species of the agrïcultural and forest industries 

(McLeod 1962, McGugan and Coppel1962). In Canada only a very few insects are 

recognized as either endangered or extinct, although there are reported to be many more 

species at risk than currently identified (Wells et. al. 1984). 

This idionnation gap is due mostly to the lack of long-term, standardized insect 

monitoring programs. The longest-ninning monitoring prograrn was the Forest Insect 

and Disease Survey, originally operated by the Forest Biology Division of Agriculture 

Canada (McGugan 1958). The Survey catalogued the distribution and host plants of 

numerous forest Lepidoptera, however it made no effort to analyze patterns of species 

richness through time. A number of other publications also descnbe species 



distn'butions (Ferguson 1953, Forbes 1954, Brower 1974, Rockbume and Lafontaine 

1976, Morris 1980, Brower 1984, CoveIl1984, Thomas 1995, Holmes 199 1, Layberry 

et. al. 1998). Although these sources may include uiformation on the general 

cornmonness or rarity of species, Little effort has been made to compare iists over time 

to test whether Listed species are still found in the wild today. Without long-term 

monitoring programs in place, it is difncult to track species introductions and 

extirpations. 

In the absence of data from long-term standardized m o n i t o ~ g  programs, it rnay 

still be possible to determine whether extirpations and introductions have taken place, 

using the records available fiom insect collections. One difficulty lies in the extremely 

variable nature of the data. In the noctuid moths of the Fundy Coast, the available 

historic data come fiom a myriad of sources: hand-picked moths, voucher specimens 

£tom light-trapping programs, and reared larvae nom foliage beating. At fïrst glance, 

the data rnay appear to support the hypothesis that species extirpations or introductions 

have taken place, as some species appear in the record only in the far past, whereas 

others have only been recorded recentiy. However, due to the nature of most insect 

collections, it is entirely normal to h d  a large gap (as much as 60 or 80 years in some 

cases) between records for the same species, even if that species is known to be 

common. For example, in the noctuid moth database generated in Chapter 2, one of the 

common day-flying noctuids, Oncocnemis pifurdi (Wlk.), was h t  recorded in the 

database in 1900, collected at St. John, St. John Countr, the next record for this species 

is fkom 1962, at Tower Hiil in Charlotte County. Similarly, the fairly common species 



Poliapurpurissata (Grt-) was first recorded at St. John in 1898, 1900, and 1902, and 

then appears again in the record in 1971 at St. Andrews, Charlotte County. Presence or 

absence of a species in a collection may also reflect collection effort or method, which 

are rarely standardized over time or space. Distingwgwshing between samphg error and 

real extirpations or introductions becomes very difficult because the assumptions 

necessary for most traditional parametnc statistical tests are not met A novel approach 

is therefore required to determine if the observed patterns of species records contains 

evidence for extirpations and introductions, or if al1 of the observed van-ation codd be 

attributed to random sampling error. 

Calculating the probability that species are absent fÏom a sample by chance 

alone using a bootstrap method is one way around these problems. 1 used the computer 

program "Resampling Stats" (Simon et. al. 1998, v. 4.1 Macintosh). Resampfhg is the 

computerized equivalent of determïning the probabitity of a coin f ip,  but with the 

power to repeat the experiment tens of thousands of times (Simon and Bruce 1991). 

The "Resampling Stats" program works on a simple randomization and resampling 

protocol, resarnpling with replacement the original data set as many tirnes as  desired. 

The nature of the data being analyzed limits the types of questions that c m  be 

answered, and the degree of contïdence in the redts.  To ask questions about species 

extirpations, we must have a high level of coni5dence in the modem data set, which I 

define as ail records fiom 1970 onwards. If we have confidence that the collection 

effort and the quality of recent collecting is high, then it becomes more probable that 

records unique to the historic data set (pre-1970) represent species which are now 



extirpated f?om the region. in order to have a sufncient degree of conndence in the 

modem data set, it should be much larger than the historïc data set. Although this 

condition allows us to make a statement about species extirpations, it is not appropriate 

for making statements about species introductions. With a small historic data set, the 

question of whether species found uniquely in the modem data set are newly-introduced 

into the region is confounded with the poor sampiing effort of the old surveys. 

An opposite set of circumstances must exist if we are to mmake statements about 

species introductions. In this case, the historic data set must be much larger than the 

modem data set so that we have some level of coddence that the hîstoric data are 

representative of the moth fauna which existed at the tirne of collection. Under these 

conditions, it is not appropriate to make statements about species extirpations; when the 

modern data set is small, then we cannot know if the absence of a species in the modern 

record is due to extinction or simply poor modem collection efforts. 

In this chapter, the Resampling Stats program is used to analyze data firom the 

noctuid moth database generated in Chapter 2 for species introductions and extirpations. 

The database is broken into two sections: an 'liistoric" subset comprising al l  records 

fkom before 1970, and a "modern" set comprising al1 records from 1970 to 1998. If the 

rnoth commuoity along the Fundy Coast has remained unchanged over the last 100 

years, then the modem and historic species Lists should contain the same species, with 

allowance given for varying samphg effort over tirne. Alternatively, if the moth fauna 

has changed over the last 100 years, then the modem and historic species Lists will be 

markedly different, with a larger number of species being lost or added to the fauna than 



can be reasonably expected to occur purely by chance. Resampling Stats is used to 

estimate the probability that the observed patterns of species records in the modem and 

historic datasets are solely a result of samphg error. 

3.2 Methods 

3.2.1 Species ExtrhpatiOns 

In the noctuid moth database for the Fundy Coast region (generated in Chapter 

2), and in the data subsets for Albert and Charlotte counties, the 1970-onwards data 

(hereafter referred to as "modem7') are much larger than the pre- 1970 data (hereafter 

referred to as 'bhistoric'7). In these cases it was observed that some species were 

recorded only in the historic and not the modem data sets. We wish to estimate the 

number of species present in the smaller historie data set that would not be found in the 

larger modem data set by chance alone (e-g. with 95% probability). We interpret that 

additional missing species would be evidence of extirpation, although we cannot 

specifically i d e n t e  which species are locally extinct. 

The first analysis used records for the entire Fundy Coast region (e-g., the entire 

database). Al1 records fiom the database were exported to a spreadsheet and split into 

two groups: historic records (n = 850), and modem records (n = 60 15). Each record 

represents information taken fiom a single moth specimen fiom a collection, or a single 

entry in a publication. For each group, the records were collapsed withh each year, so 

that for any given year of data, each species was ody  represented once. Species 



recorded in multiple years were represented by multiple records, one for each of the 

years it was captured. This helped to reduce the bias in the database towards the huge 

number of records fiom the last ten years, while still retaining information about how 

frequently different species were captured through time ( d e r  this refinement of the 

data, historic n = 508, modem n = 1722). The number of species o c c e g  solely in the 

historic data set was n = 32. The string of Hodges catalogue numbers (each catalogue 

number uniquely identifies a particular moth species, see Hodges (1983)) fiom both the 

historic and modem data sets were then combined iuto a single column, and imported 

into Resampling Statistics (Simon e t  al. 1998, v. 4.1). 

A program was written within Resamphg Statistics to determine the probability 

that the observed number of species occuning uniquely in the historic data set occurred 

by chance alone (see Appendix 3.1). The program randomly sampled with replacement 

the combined set of Hodges numbers, placing the data into two artificial groups the 

same sizes as the refined historic and modern data sets, and then counted the number of 

species occurring uniquely in the historic data set. This routine was performed 10,000 

times and was used to generate a fiequency histogram (Figure 3.1) showing the number 

of times any particular number of species fell into the historic data set purely by chance. 

The observed number of unique species in the real historic data set was then cornpared 

with its correspondhg fiequency of occurrence in the histogram to see if it fell inside or 

outside the 95% region. 

A similar method was employed to detect possible species extirpations for two 

subsets of the data, Charlotte and Albert counties. In each case a similar program was 



wrïtten (Appendk 32 and 3.3) and a frequency histogram generated (Figures 3.2 and 

3.3). 

3.2.2 Species lirtroductfons 

The data subset for St. John county is different because it comprises mostly very 

old records (the opposite condition to those above). In this case, a nurnber of species 

was observed in the smder  modern record, but not in the larger historic record. The 

absence of species nom the historic data set could either represent sampling error or 

introductions into the region wiihin the last 28 years. We used the same criteria as 

above except that in this analysis we estunated the number of species present in the 

smaller modem data set but not the larger historic data set which would be expected to 

occur by chance alone (again with 95% probability). In this case, additional species in 

the modern record is evidence of species introductions. 

In this unique case, the modem data set (n = 13 1) was much smailer than the 

historic data set (n = 425; after duplicates within the same year were eliminated). This 

was due to the large number of specimens (n = 729, before duplicates within the same 

year were elimiaated) recorded at the New Brunswick Museum nom McIntosh's 

collection efforts in the 1890's and early 1900's. A similar process to the one descnbed 

for the species extirpations analysis was perfonned for this data set. However, this time 

the program was written to count the frequency of  any given number of species fallhg 

solely into the modem data set by chance alone (Appendix 3.4). Once again the 

program was run 10,000 times and a Erequency histogram generated (Figure 3.4). The 



number of species unique to the simulated modern data set with the probability of 0.05 

was then compared with the observed number of unique species in the real modem data 

set (observed n = 42). 

3.3 Resuits 

33.1 Species Eyfrcrpotrtions 

When information fiom the entire Fundy Coast database was examine4 32 

noctuid species were found to be recorded solely in the historic data set. These species 

are listed in Table 3.1. The probability of alI 32 species fdhg into the historic data set 

by chance alone is 0.002 (Figure 3.1). 1 înterpret this result as meaning that it is Likely 

that up to 2 1 of the species listed in Table 3.1 are missing fiom the data set purely by 

chance (with a probability of 0.05). Any values above n = 2 1 species are unlikely to 

occur by chance doue, and therefore we conclude that up to 1 1 of the species listed are 

likely extirpated f?om the Fundy Coast region. 

Nineteen nochiid species were observed in the histonc data set alone when 

information for Charlotte County was examined (Table 3.2). The probability of this 

number of species falling into the historic data set by chance is Pc0.001 (Figure 3.2). In 

this case, it is Likely that 6 species fell into the historic data set by chance alone, and 

therefore 13 of the iisted species may be extirpated h m  Charlotte County. Only one 

noctuid species was observed to be recorded solely in the historic data set for Albert 

County (Table 3.3). The analysis found no evidence that this represents an extirpation 



(P = 0.6421 at n = 1, see Figure 3.3). This was most Iikely because the historic data set 

was so s m d  (n = 7 records). 

3.3.2 Species iïnaod~ction~ 

When the St. John County data set was analyzed for evidence of species 

introductions, 42 species were found to occur solely in the smaller modem data set 

(Table 3.4). The probability that this number of species would fd only into the modem 

data set by chance is P<O.OOI (Figure 3.4). Twenty-one of these species could have 

f d e n  into the modem data set by chance alone (with P-value of O.Os), and therefore 21 

species may represent species introductions into the region within the last 28 years. 

3.4 Discussion 

3.4.1 Species E~*rpations 

ALthough the resarnpling andysis provides an estimate of how many species 

have been extirpated within the Fundy Coast region, it cannot indicate which species 

fiom Tables 3.1 and 3.2 are the most Likely candidates. Alternative methods for 

refining these lists are required. When examining data fkom the Coast as a whole 

(Table 3 A), the only reasonable candidate to exclude fiom the list is the record for 

Catocala grotiana Bailey. This is a western species of Catocala whose range doesn't 

extend east of the Rocky Mountains (Dr. I. D. Lafontaine, pers. cornrn.)'. The 

specimen was likely mis-identified and is most probably its closely-related sister 



species, Catocala briseis Edw., which is recorded in Charlotte County. There are no 

apparent ecological factors such as host plant rarity, environmental requirements, or 

species range that identify any of the rest of the species in Table 3.1 as specific 

candidates for extirpation. 

For a species to be considered officially extinct or extirpated by the [UCN, it 

rnust not be observed or collected for 50 years (Wells et- al, 1984). According to this 

criterion, up to 25 of the species listed in Table 3-1 could be considered locaily extinct 

(e.g. all species which were only recorded before 1948). This number is much higher 

than the more consecvative estimate of 1 1 extirpated species given by our resarnpluig 

analysis. Although efforts have been made to collect as many moth records as possible 

during the course of this study, undoubtedly some records were missed. Twenty of the 

species listed in Table 3.1 are fiom St. John County, which has been poorly-collected in 

recent years. More collection effort should be focused in this region to determine how 

many of the species fiom McIntosh's original sampling still occur in the area. 

Table 3.2 lists species which are candidates for extirpation in Charlotte County. 

This species List is considerably different fiom the List for the entire Coast. Three 

factors contribute to this- First, in Chapter 2 it was shown that the moth fauna of 

Charlotte County is signincantly different fkom the moth fauna of Albert County, with 

80 species unique to Charlotte. While the analysis in Chapter 2 is based only on records 

fiom the modem fauna, 10 of the species appearing in Table 3.2 (Horisma orcijieralis 

W., HpodesfractiIinea (Sm.), Bomolocha abalienah (Wllc-), Acronicta sperata 

Grt., Acronicta longa Gn., Apamea mixîu (Ga.), Apamea niveivenosa (Grt.), P~pestrn 



cristiyera (Wlk.), Leucania pilr'palips (Grt), and Euxoa servita (Sm.)) are also recorded 

only in Charlotte Couniy. This result reflects the uniqueness of the Charlotte County 

moth fauna. 

Secondly, Charlotte County is generally more settled than Albert County. The 

main coilection points in Charlotte aU fali very near to human habitation, and to some 

extent the species captured reflected this. Ornamental trees and garden plants are 

prevalent throughout the coilected areas of Charlotte County, attracting moth species 

which feed on these plants to Lights, Light traps and other collection techniques. In 

Albert County the two main collection sites are both in relatively undisturbed areas, and 

the majority of species collected are forest dwellers. 

Finaliy, some of the species which appear to be extirpated in Charlotte County 

are recorded in the modem moth fauna of the other coudes (e-g. Phalaenophana 

pyrarnusalis (Wlk), Ascalapha odorata (L.), Alypia langtoni Couper, Magusa orbifera 

(Wk), Athetis miranda (Grt.), Brachylmia algens (Grt.), Apharetra dentatu (Gb)). 

While these species may not have been recently recorded in Charlotte County, they do 

still exist within the greater Fundy Coast region. 

If one accepts the IUCN definition of an extirpated species (Wells et. al. 1984), 

then 9 of the species in Table 3.2 fit the criterion of not having been recorded since 

1948. This agrees quite weil with the estimate of 13 extirpations according to the 

resampling analysis. of these species, four (Hypenodes fractilinea (Sm.), Acronicta 

sperata Grt., Apamea mLxta (Grt.), and Leucnnia piZ@al@s (Grt.)) are also unique to the 

Charlotte County record. Apumea mTXta (Grt.) has been recorded in Kouchibouguac 



National Park in Kent County (CNC collection record) and at Ashton Hill in 

Northumberland County (CFS collection record). Acronicta sperata Grt. has also been 

recorded at Canterbury in York County (CFS collection records). At this tirne, these are 

the only other New Brunswick records for these two species. Tkerefore the above fou. 

species may represent the best candidates for extirpation within the Fundy Coast region. 

3 -4.2 Species Introdu~n~ns 

A similar problem is encountered when trying to decide which of the 42 species 

£iom the S t  John modern fauna (Table 3.4) are introduced species. Here agaîn the 

resampling analysis is unabb to determine which of these species are new to the record, 

it can ody  indicate that species have ke ly  been added. However, at least in the case of 

species introductions there is some literature available. One of the species on the St- 

John list is the Large European Yellow Underwing, Noctua pronuba (L.). This species 

is a well-documented invader f?om Europe. Tt was f h t  detected in the Maritimes at 

Halifax, Nova Scotia, in 1979 (Wright 1987). In New Brunswick it has since been 

recorded at St. John, Fundy National Park, Fredericton, and throughout Charlotte 

County @eer Island, Grand Manan Island, and St. Andrews) (Wright 1987, Edsall and 

Clay 1994, this study). Noctua pronuba feeds on grasses and although it has become 

very common, it is not considered a pest in the Maritimes. 

Aside fiom this isolated case, it is W c u l t  to ascertain ifother introductions 

have taken place based solely on the St. John data. In general 1 have less confidence in 

this result than in the results for the extirpation analysis because we cannot ver* the 



accuracy of the histonc samples, whereas we can for the modem samples. ALthough 

there is a relatively large amount of information fkom McIntosh's collections at the tum 

of the centwy, we have no way of knowing ifhis collections were as complete as 

possible, or ifaii of his specimens were retained in collections iïke the New Brunswick 

Museum. There is also evidence of other known invaders in the modem records of 

Charlotte and Albert C o d e s  (e-g. Callophasiu lmula (HI&.), Caradrinu morpheus 

(Hufb.)) which do not appear in the available modem records for S t  John. The esthate 

of 2 1 introduced species as given by the resampihg analysis may therefore be too hi&. 

However, even if the probabiiîty is adjusted to a P-value of 0.001, we still expect to fkd 

14 species new to the region within the last 30 years. 

Another ~ c u l t y  with trying to track species introductions in the Maritime 

provinces is the issue of time scale. The Maritimes has been settled by Europeans 

longer than any other part of Canada, and the Maritimes' ïnsect fauna has therefore 

been exposed to invading European species much longer than the rest of Canada. The 

oldest recorded specimen in the Fundy Coast noctuid 1110th database is an individual of 

Anaplectoides pressus (Grt.), which was captured on the 5th of July in 1 894 in the city 

of St. John. However the Loyalists first settled in the St. John region in 1783, some 11 1 

years earlier (Collie 1974), and the very h t  European settlers arrived in the region 

shortly after the explorations of Cabot and Cartier, around 1604 @aigle 1995). Since 

our coliections start relatively recently, it becomes ditncult to determine which species 

are native to North Amenca and which are "natmlized" European species that are now 

well-estabiished in the region given their probable introduction 395 years ago. 



In the study of the North American lepidopteran fauna the issue becomes even 

more complex, as workers in the past cenhuy ofien disagreed about the characters used 

to describe North American species, and whether or not species captured in North 

America were related to their European cousins (for example, see Grote 1876). It is 

also ironic that although the Lepidoptera is probably the best-studied group of insects, 

most of the works available describe local faunas, with little effort put in to cornparing 

faunas between regions, counttfes or continents (Lindroth 1957)- While similar 

information has been fairly weU documented for plants (where even the pocket field 

guides to wildnowers have information about which species have a European origin, 

see Peterson and McKemy 1968), recent and accurate iaformation on which North 

American lepidopteran species are truly European immigrants is difficult to find. The 

most complete listing available appears to be fiom Lindroth (1957). If the species in 

question is not considered a pest, generaily there is very Little information to be found. 

This represents a large gap in our laiowledge of our own insect fauna. 

While the available collections data and the resampling analysis has proven 

useful for determining the probability that species extirpations and introductions have 

occurred over the last 100 years in the Fundy Coast region, we must be cautious about 

which questions can be answered with these data. For example, it would be extremely 

useful if we could measure how noctuid moth species ncbness has changed through 

tirne. The available collections and publications data are insufficient for this sort of 

analysis. While on the surface it may appear that species richness has been increasing 



over the last 100 years (see Figures 2.2 to 2.5), this may not be the case at d, because 

sampling techniques and efforts have changed as well. It has been shown numerous 

times that even s m d  variations in trapping protocols can drastically effect which 

species are caphired (Bowden 1982, Dent and Pawar 1988, Marshall et. al. 1994, Danks 

1996). Since the specimens recorded for this study come fkom a myriad of sources, we 

cannot draw any conclusions about changes in species richness through time, except to 

state that extirpations and introductions have Lkely occurred. The ody  way to 

definitively study how insect populations and species nchness change over tirne is 

through a long-term monitoring study, using standardized sites, traps, and procedures. 

3.5 Conclusion 

Although it has been generally assumed that there have been extirpations and 

extinctions w i t b  the Canadian insect fauna (e.g. Turnbull 1978), this is the fkst study 

to have estimated the number of extirpations that have taken place within a given 

region. The bootstrap analysis proved to be a useful tool for analyzing the otherwise 

diacult and heterogeneous data which are available for insect populations and 

comrnunities, and for analyPng data fiom diverse sources. At this point, rny results 

represent predictions about extirpations and introductions, and need to be tested by 

M e r  sampling in the region. Future moth collection efforts in the Fundy Coast region 

should concentrate on searching for species listed as possibly extirpated in Tables 3.1 

and 3.2, to determine if these species stiiL occur in the area. Charlotte County rnay offer - 



the most diverse moth fauna and is where the most extirpations have likely occurred, of 

the three counties studied. 

3.6 Endnotes to Chapter 3 

' ~ r .  J. Donald Lafontaine, Research Scieotis Lepidopteran Systematics. Eastern 

Cereal and Oilseed Research Centre, Agriculture and Agri-Food Canada. Ottawa, 

Ontario, Canada. K1A OC6. 
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Table 2.1. Explmation of the fieIds used in the creation of the database. 

Field Name Descri~tion 

Sub family 

Genus 

Species 

Hodges # 

Collection # 

Date (dd/mm) 

Year 

Location 

County 

Loc Code 

UTM Zone 

Easting 

Northing 

Lists the subfamily of the specimen. 

Gives the genus of the specimen, e.g. Amphbyra. 

Gives the specific name of the specimen, e.g. pyramïdoides (Gn.). 

Lists the unique Hodges catalogue number for the species, as 
recorded in Hodges (1983). This number aiiows the user to soa 
records in phylogenetic order. 

Identifies which collection or publication the record originates 
fkom (e-g. CNC, CFS, NBM, Gaskin, Peterson, etc.). 

Date of capture (or emergence, for reared specimens) in 
day/month format, 

Year of capture (or emergence). 

Specific location of capture, e.g. Lords Cove, Deer Island. 

County of capture, e.g. Charlotte County. 

Code number for the specific location. 

Describes which Universal Transmercador Grid (UTM) zone the 
location is in. 

East-west cornponent of the UTM coordinate. 

North-south component of the UTM coordinate. 



Table 2.2. Species caught by Light trap at Ahna (Fundy National Park, Albert County) 
in 1997 which had not been previously recorded at that location according to the 
database (n = 12). Total number of species recorded at Aima in 1997 n =63. +The 
taxonomie designation of this species of Hyppa is under revision; the Listed name rnay 
not be correct- Hodges catalogue numbers are unique idenmers for each species, and 
follow Hodges (1983). 

Species Hodges # 
Platyhypena scabra (F.) 8465 
Zule aerugtnosa (Gn.) 8694 
Parallelia bismàns Hbn. 8727 
Lithacodia rnt(scosuIa (Gn.) 9047 
Acronicta IepuscuIina Gn. 9205 
Apamea vultuosa (Grt.) 
.+ 

9341 
Hyppa 'àncocisconensis' (Morr-) 9578-2 

Lucinr;Dolia lustralis (Ga.) 10370 
Ochrophra implecta Lafontaine 1089 1 
Xestia badicollis (Grt.) 10968 
Aplectoides condita (Gn.) 10999 
Abugrotzk alfernata (Ga.) 1 1029 



Table 2*3. Species caught by light trap at Wolfe Lake (Fundy National Park, Albert 
County) in 1997 which had not been previously recorded at that location according to 
the database (n = 6). Total number ofspecies recorded at Wolfe Lake in 1997 n = 66. 
Hodges catalogue numbers are unique identifiers for each species, and follow Hodges 
(1983). 

Species Hodges # 
Chytolita morbidalis (Ga) 8355 
Drastena graphica Hbn. 8618 
Chysanympha fonnosa (Grt.) 8904 
Lithacodia synochitis (G. & R) 9049 
Apamea devastator @race) 9382 
Siden-dis rnaryx (Gn.) 10268 



Table 2.4. Species caught by light trap at Lords Cove, Deer Island (Charlotte County) 
during the summers of 1997 and 1998 which had not been previously recorded at that 
location according to the database (n = 37). Total number of species recorded at Deer 
Island (1997/98 trapping seasom combined) n = 154. m e  taxonomie designation of 
this species of Hyppa is under revision; the listed narne may not be correct Hodges 
catalogue numben are unique identifiers for each species, and follow Hodges (1983). 

Species 
Hormisa a6soptalis Wk. 
Autographa ampla (WUc) 
S'apha octoscripta (Grt.) 
Syngrapha rectangula (W. Kby.) 
Syngrapha microgramma (Hbn.) 
Acronicta leprina vulpins (Grt.) 
Acronicta increta Mon. 
Acronicta inclara Sm. 
Acronicta subochrea Grt. 
Acronicta impleta Wlk. 
Apamea indocilis (WLk.) 
Apamea cogitata (Sm.) 
Apamea inficita (Wlk.) 
Xyiomoia chagnoni B. & McD. 
Hydraecia micacea (Esp.) 
Belluru obliqua m.) 
f- Hyppa 'xylinoides' (Gn.) 

Callopistrïü mollissima (Gn.) 
Caradnira morpheus (Huh.) 
Caradrina rnulnyera (Wllc.) 
Baisa malana Fitch) 
Lithophane disposita Morr. 
Cuculiia postera Gn. 
Polia nimbosa (Gn.) 
Lacinipolia mediata (Grt.) 
Lacinipolia lustralis (Grt.) 

Leucania pseudargyria Gn. 
Orthosia revicta (Morr.) 
Crocigrapha nonnani (Ga.) 
Homorthodesfi+rata (Grt.) 
Agrotis volubilis H m .  
Agrotis ipsilon (Huih.) 
Euxoa perpolita (Morr.) 

Hodges # 
8357 
8923 
8926 
8942 
8946 
9206 
9249 
9250 
9253 
9257 
9362 
9367a 
9369 
9433 
9514 
9525 
9578.1 
963 1 
9653 
9657 
9662 
9892 
10198 
10275 
10368 
10370 
10459 



Table 2.4 (continued). 

Species Hodges # 
Euugrotis forbesr' Franc. 10902 
Peniirorna saucia (Hbn.) 10915 
Aplecîuides condita (Go-) 10999 



Table 2.5. Species caught by light trap at the Huntsman Marine Science Centre (St. 
Andrews, Charlotte County) in 1997 which had not been previously recorded at that 
location accordhg to the database (n = 13). Total nurnber of  species recorded at St. 
Andrews in 1997 n = 76. Hodges catalogue numbers are unique identinea for each 
species, and foilow Hodges (1983)- 

Diachysia aereoriies (Grî.) 
Anagrapha falciferu @#yY) 
Baileya doubledayz- (Gn.) 
Acronicta oblinita (J. E. Smith) 
Sr'myra hennci (Grt.) 
Agriopodes fullax (H.  -S-) 
Be&a obliqua (Wk.) 
Elaphria festivoides (Gn.) 
Faronta dtmsa (WLk.) 
Agrotis volubilis Harv. 
Spaelotis clandestina (Harr.) 
Aplectoides condita (Gn.) 
Rhyncagrotis adulta (Gn.) 

Hodges # 
8896 
8924 
8969 
9272 
9280 
928 1 
9525 
968 1 
IO43 1 
10659 
10926 
10999 
1 IO44 



Table 2.6. Species unique to Charlotte County (1970-on records ody) (n = 78). 
*Indicates a questionable species record (e.g. species which are not expected withui the 
region, or for which a voucher specimen was not deh-tively identified). Hodges 
catalogue numbers are unique identifiers for each species, and follow Hodges (1983). 

Species Hodges # 
833 1 Idia laurenti (Sm.) 

Zanclognatha Iiluralis @Ibn.) 
Zanclognatha pedipilalis (Ga) 
Zanclognatha new sp. nearjacchusalis 
Zanclognatha ochreipennis (Grt.) 
Honnisa absorptalis Wlk, 
Phalaenostola eumehisalis (Wlk.) 
Renia salusalis (Wk.) 
Renia factiosaCis (Wlk.) 
Palthis angulalis (Wn.) 
Bomolocha deceptalis (Wlk.) 
Hypena hurnuli Harr. 
Pangrapta decoralis Hbn. 
Metalectra dr'scalr's (Grt.) 
Metalectra quadrisignuta (Wlk.) 
Zule obliqua (Gn.) 
Euparthenos nubilis (Hbn.) 
Catocala unijuga Wk. 
Cafocala briser's Edw. 
Catocala crataegi Saund. 
TRfhophsia ni &Ibn.) 
Au fogrupha biloba (S  te ph,) 
Autogropha flagellum (Wk.) 
Syngrapha angulidens (Sm.) 
Syngrapha microgramma (Hbn.) 
Cerna cora Hbn. 
Tarachidia erastrioides (Ga) 
Tarachidia tortricina (ZeLl.) 
*Panthea fùrcilla (Pack.) 
Pantheu puIZescens McD. 
*Raphia abrupta Grt. 
Acronicta laetz3ca Sm. 
Acronicta fùrciferu Gn. 
Acronicfa interrupta Gn. 
Acronicta subochrea Grt, 
Simyra irenrici (Grt.) 
Alypia octomuculuta (F.) 
Apamea inordinata (Morr.) 

65 



Table 2.6 (continued). 

Species Hodges # 
Apamea indoclrs (Wlk.) 
Apamea inficita m.) 
Apamea burgessf (Morr,) 
OIigra indirecta (Grt,) 
Oligia new sp. 
OIipa exhausta (Sm-) 
Oligïa bn'dghami (G. & R) 
Oligia mintcscula (Morr,) 
Papaipema duovata (Bird) 
Papaeema inquuesz'ta (G. & R,) 
Conservulu anodonta (Gn.) 
Callopistna moZ1issirna (Gn.) 
Caradn'na meralis (Morr.) 
Balsa trr'sfrrgeella m.) 
Balsa labecula (Grî.) 
Amolita fessa Gd. 
Lithophane bethunei (G. & R) 
Lithophane disposita Morr. 
Lithophane an tennata (Wlk.) 
Apharetra purpureu McD. 
Callophasia lunula (Huf8.) 
CuculZia intermedia Speyer 
Discestra myolii (Hufk) 
Sidendis rosea (Hm.) 
Papestra biren (Goeze) 
Leucania cornmoides Gn- 
Leucania inermis @%S.) 
Leucania pseudarea  Gn. 
Momsonia confirsa (Hbn.) 
H o m o r t h o d e s f i ~ a  (Grt.) 
Euxoa aumlenta (Sm.) 
Euxoa firmalis (Grt.) 
Euxoa tessellata (Ham.) 
Euxoa redimicula (Morr.) 
Euxoa perpolita (Morr.) 
Euagrotis forbesi Franc. 
Xestia imperïta (Hbn.) 
Xestia new sp. near badicollis 
Eueretagrotis sigmoïdes (Gn.) 
Rhyncagrotis aduïta (Gu.) 



Table 2.7. Species unique to S t  John County (1970sn records only) (n = 1 1). 
*Indicates a questionable species record (e-g. species which are not expected within the 
regioo, or for which a voucher specimen was not dennitively identified). Hodges 
catalogue numbers are unique identifiers for each species, and follow Hodges (1983). 

S pecies Eodges # 
Ascalapha odorata (L.) 8649 
*Caenurgrgrna erechtea (Cram.) 8739 
Catocala antinympha (Hbn.) 8775 
Catocala ilia (Cram.) 880 1 
Catocda parta Gn. 8806 
Hyperstrotia pewertens (B. & McD.) 9037 
Homophoberia apicosa (Haw.) 9057 
Alypia langtoni Couper 93 18 
Fishia enthea Ga- 9974 
Euxoa mimallonis (Grî.) 10738 
Ercxoa detersa (IV&.) 10838 



Table 2.8. Species unique to Albert County (1970-on records only) (n = 47). Hodges 
catalogue nurnbers are unique ideutiners for each species, and follow Hodges (1983). 

Species Hodges # 
PhaIuenophuna pyramdi s  (WLk.) 8338 
Renia frmpunctalis (Gey.) 
Renia sobriulis (Wlk-) 
Spargaïoma sexpunctata Grt. 
Drasteria graphica Hbn. 
Zale aemginosa (Gn.) 
Zale unilineuta (Ga.) 
Catocala coelebs Grt, 
Autographa d i d o  Ottol. 
Spgraphu cryptica Eichiin & Cunningham 
Colocasia flaicornis (Sm.) 
Apamea commoda (WUc.) 
Eremobina claudens p.) 
Meropleon diversicolor (Morr.) 
Chortodes nrfostrigata (Pack.) 
Archanara oblonga (Ga.) 
Macronuta onusta (Grt.) 
Papaeema nepheleptena @yar) 
Andropolia contacta ( W k )  
Magusa orbifera (WLk.) 
Amph@yru tragopoginis (CL.) 
Balsa malana (Fitch) 
Xyiena thoracica (Putnarn-Cramer) 
Xylena cineritia (Grt.) 
Lithomoia solidaginis gennana (Morr.) 
Homoglaea hircina Morr. 
Lithophane baileyu Grt. 
Epiglaea apiata (GR) 
Anathcjc ralla (G. & R.) 
Anathik puta (G. & R) 
Brachylomia algens (Grt.) 
Brachionych iu borealis (Sm.) 
Aphareh-IL dentata (Grî.) 
Homohadena inma (WUc) 
Melmchra pulvenilenta (Sm.) 
Lacanobia atlantica (Grt.) 
Pupestra quadmta ingravis (Sm.) 
MomSonia latex (Gn.) 
Orthodes goodelli (Grt.) 
Feltia subgothica (Haw.) 



Table 2.8 (continued). 

S pecies 
Xestia homogena McD. 
Xestia dilucidu (Morr-) 
Paradiarsia littoralis (Pack.) 
Cerastis tenebnyeru (Wk) 
Metalepsisjkhir' (Ga-) 
Protolampra rufipectus (Morr.) 
Abagrotis altmata (GR) 

Hodges # 
10964 
1 O969 
10992 
10994 
10997 
11004 
11029 



Table 3.1. Species found to be unique to the historic record (pre-1970) using records 
for the entire Fundy Coast (n = 32). A bootstrap analyrns suggested that up to 11 of 
these species may have become extirpated fiom the region since 1970. Hodges 
catalogue nurnbers are unique identïfiers for each species, and foilow Hodges (1983). 

Species Hodges # Last Recorded 
Horisma orcz~eralfs Wk. 8360 1957, St- Andrews, Charlotte Co. 
h'jpenodesfi-actilinerr (Sm,) 
Bomolocha abdienulis (Wk.) 
Aiaburna argiilacea (Hbn.) 
Anticarsia gemmatalis Hbn. 
S'edoida adumbrata (Behr) 
Zale duplicata (Bethune) 
Catocala cerogarna Gn. 
Catocala grotiana Bailey 
Pseudeva purpurigera (Wlk.) 
Colocasia propinquiiinea (Grt-) 
Acronicta rizdcIzrei (I3a.w.) 
Acronicta sperata Grt. 
Acronicta longa Gn. 
Apamea m&a (Grt.) 
Apamea niveivenosa (Grî.) 
Luperina passer (Gn.) 
Achatodes zeae (Harr.) 
Xyïena nupem (Lint.) 
Lithophane amanda (Sm.) 
Mniotype fervrala (Sm.) 
Mniotype ducta (Grt.) 
CuculZia convaZpennis G, & R 
Scotogramrna trifolii (WLk.) 
Mumestra curialis (Sm.) 
Lacanobia subjuncta (G. & R.) 
Tnchordestra rugosa (Morr.) 
Papesira cristirera (Wk.) 
Leucania pilipalips (Grt-) 
Euxoa servira (Sm.) 
Rhyncagrotis cupida (Grt.) 
Pywhia expeninens (Wlk.) 

1 93 8, Waweig, Charlotte Co. 
1950, Mdltown, Charlotte Co- 
191 l, St- John, St. John Co. 
1904, St- John, St. John Co. 
1907, St. John, St- John Co. 
1907, St- John, St- John Co. 
1900, St. John, St. John Co. 
1907, St- John, St. John CO. 
1899, St. John, St. John Co. 
1907, St. John, St. John Co. 
1969, Lancaster, S t  John Co. 
1947, Tower Hill, Charlotte Co. 
1948, Tower Hill, Charlotte Co. 
1947, Tower HIII, Charlotte Co. 
1963, Tower Hill, Charlotte Co, 
1900, St. John, St. John Co. 
1900, St. John, St. John Co. 
1899, St. John, St. John Co. 
1899, St. John, St. John Co. 
1907, St- John, St. John Co. 
1897, St* John, St- John CO. 
1949, Charlotte Co. 
1901, St. Jobn, St- John Co. 
1907, St. John, St. John Co. 
1900, St. John, St. John Co. 
193 8, Waweig, Charlotte Co. 
1949, Elmsville, Charlotte Co. 
1947, St, George Parish, Charlotte Co. 
1957, St. Andrews, Charlotte Co, 
1902, St- John, St- John CO. 
1907, St. John, St. John Co. 



Table 3.2. Species unique to the historic record (pre-1970) of Charlotte County (n = 
19). A bootsttap analysis indicated that up to 13 of these species may have become 
extirpated fkom the county since 1970. Hodges catalogue numbers are uniqye 
identifïers for each species, and follow Hodges (1983). 

Species 
Phdaenophana pyramusalis 
W.) 
Hon'sma orczIferali3 Wlk. 
menodes fiactilinea (Sm.) 
Bornolocha abaiienalis (TKlk,) 
Ascalaphha odorata (L.) 
Acronicta sperata Grt. 
Acronicra h g a  Gn. 
Alypia Iangtoni Couper 
Apamea mkta (Grt) 
Apamea niveivenosa (Grt.) 
Magusa orbzyera (wik.) 
Athetis miranda (Grt.) 
Brachylomia algens (Grî-) 
Apharetra dentata (Grt.) 
Cucullia convm~nnis G. & R 
Trichordestra mgosa (Morr.) 
Papestra cristifera (Wk.) 
Leucania pil@aI@s (Grt.) 
Euxoa servita (Sm.) 

Hodges # 
8338 

Last Recorded 
1938, Chamcook 

1957, St. Andrews 
1938, Waweig 
1950, MiIltom 
1969, Oak Bay 
1947, Tower Hill 
1948, Tower Hill 
1938, Chamcook 
1947, Tower HiIl 
1963, Tower HiU 
1950, unspecified 
1933, Waweig 
1969, Oak Bay 
1947, Tower Hill 
1949, unspecified 
1938, Waweig 
1949, Elmsville 
1947, St, George Parish 
1957, St. Andrews 



Table 3.3. Species unique to the histonc record (pre-1970) of Albert County (Fundy 
National Park). There was insufncient statistical evidence to indicate that this species 
is now locally extinct. Hodges catalogue numbers are unique identifiers for each 
species, and foiiow Hodges (1983). 

Species Hodges # Last Recorded 
Acronicta intemrpta Gn. 9237 1964, Alma, Fundy National Park 



Table 3.4. Species unique to the modern record (1970 onwards) of St. John County (n 
= 42). A bootstrap analysis indicated that up to 21 of these species may represent new 
introductions to the moth fauna of St. John County since 1970. Hodges catalogue 
numbers are unique idenaers for each species, and follow Hodges (1983)- 

Species Hodges # First Recorded 
Ascalapha odorata (L.) 
Zale aemginosa (Gn.) 
Zale hom*da Hbn. 
Catocala antinympha (Hbn.) 
Catocala ilîa (Cram.) 
Catocala sordida Grt- 
Catocala ubonia @Ibn,) 
Pseudoplusia includens (Wlk-) 
H~pestrotia pervertens (B. & McD.) 
Lithacodia olbidula (Ga) 
Lithacodia synochiris (G. & R) 
Homophoberia apicosa @W.) 
Capis curvata Grt- 
Acronicta dactylina Grt. 
Acronicta ZepuscuIina Gn. 
Alypia lungoni Couper 
LupeBna stipatu (Morr.) 
Amp hiprra pyramidoides (Gn.) 
Athetis mirunda (Grt.) 
Balsa rnalana (Fitch) 
Spodoptera fiugperda (J.E. Smith) 
Elaphria festivoides (Gn.) 
Lithomoia solidagrnis (Hbn.) 
Lithophne innominata (Sm.) 
Lithophane georgii Grt. 
Eupsilia mom'soni (Grt.) 
Sunira bicolorago (Gn.) 
Xanthia logota (Esp.) 
Fishia enthea Grt. 
Platypolia anceps (Steph.) 
Xylotype acadia B. & Benj. 
Spirameter grandis (Gn.) 
Orthosia rubercens (WLk.) 
Morrisonia evzevzcta (Grt.) 
Agrotis vetusta WLIç. 
Euxoa messoria (Hm.) 
Euxoa mimallbnis (Grt,) 

1980, St, John 
1984, Lomeville 
1983, Lorneville 
1983, LomeviUe 
1982, LomevUe 
1983, Lorneville 
1982, LornevilIe 
1983, Lorneville 
1986, Lomeville 
1986, Lorneville 
1986, Lomeville 
1984, Lomeville 
1986, Lomeville 
1993, Prince of Wdes 
1995, M h  Head 
1983, Lomeville 
1983, Lorneville 
1984, LomeviIle 
1 984, Lomeville 
1984, Lomeville 
1983, Lomeville 
1985, Lomeville 
1982, St. John 
1983, Lomeville 
1983, Lomeville 
1984, Lorneville 
1983, Lomeville 
1983, Lomeville 
1992, Prince of Wales 
1982, St. John 
1984, Lorneville 
1983,  ornev ville 
1984, Lomeville 
1984, Lorneville 
1983, Lorneville 
1984, Lorneville 
1984, Lomedle 



Table 3.4 (continued). 

Species Hodges # First Recorded 
Eu~oa detersa (Wlk.) 10838 1990, St. John 
Hemipachnobia S. rnonochromatea 10993 1983, Spruce Lake Bog 
(Mom-) 
Noctua pronuba (LI) 1 1012-1 1984, Lorneville 
U f m  saîyricus Grt. 11051 1983, Lomeville 
HeZicoverpa zea W.) -1 1068 1986, Lornede 



Figure 2.1. Map of southern New Brunswick showing the three counties along the Fundy Coast and the locations of the light 
traps used in the 1997 trapping season. 



Figure 2.2. Number of noctuid species recorded each year, based on data for the entire Fundy Coast. 
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Wigure 2.3. Comparison of the number of noctuid species newly recorded each year and the number of noctuid 
species previously recorded each year, based on data for the entire Fundy Coast. 
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Figure 2.5. Number of noctuid species recorded each year in Charlotte County. 
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Figure 2.6. Comparison of  the number of noctuid species newly recorded each year in Charlotte County and the number 
of noctuid species previousl y recorded each year in Charlotte County. 
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Figure 2.9. Comparison of the number of noctuid species newly recorded each year at Lords Cove, Deer Island, and 
the number of noctuid species previously recorded each year at Lords Cove, Deer Island (Charlotte County). 
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Figure 2.1 1. Number of noctuid species recorded each year at St. Andrews (Charlotte County). 
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Figure 2.12. Cornparison of the nurnber of noctuid species newly recorded each year at St. Andrews and the number 
of noctuid species previously recorded each year at St. Andrews (Charlotte County). 
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Figure 2.15. Comparison of the number of noctuid species newly recorded each year in St. John County and 
the number of noctuid species previously recorded each year in St. John County. 
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Figure 2.17. Number of noctuid species recorded each year in Albert County (Fundy National Park). 
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Figure 2.18. Comparison of the number of noctuid species newly recorded each year in Albert County (Fundy 
National Park) and the number of  noctuid species previously recorded each year in Albert County (Fundy National Park), 
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Figure 2.20. Niimber of noctuid species recorded each year at Wolfe Lake, Fundy National Park (Albert County). 
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Figure 2.21. Cornparison of the number of noctuid species newly recorded each year at Wolfe Lake (Fundy 
National Park) and the number of noctuid species previously recorded each year at Wolfe Lake (Fundy National Park). 
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Wgure 2.22. Proportion of new species o f  Noctuidae recorded each year which had not been 
previously recorded at Wolfe Lake, Fundy National Park (Albert County). 

1980 1986 1988 1990 1992 1994 1996 1998 

Year 

96 



Figure 2.23. Number of noctuid species recorded each year at Alma, Fundy National Park (Albert County), 
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Figure 2.24. Cornparison of the number of noctuid species newly recorded each year at Alma (Fundy National Park) 
and the number of noctuid species previously recorded each year at Alma (Fundy National Park). 
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Figure 2.26. Graphical representation of the patterns of noctuid moth species richness 
along the Fundy Coast, based on coUections made nom 1970 onwards. Each circle 
represents one of the counties, and the various numbers illustrate how many species are 
shared or unique to each county. The 162 species which are shared between Charlotte 
and Albert counties are also expected to occur within the intervening St John County as 
weli, but aren't recorded as such in the database. Total number of species recorded n = 
382- 

St. John 
95 (+ 162 = 257?) 

total species 

Charlotte 
31 8 species 

Albert 
( F W  

285 species 



Figure 3.1. Frequency histogram generated by resampling with replacement 10,000 times the historic (n = 
508) and modern (n = 1722) data sets, using al1 data for the Fundy Coast. Up to 21 species fell in to the 
historic category by chance alone (with P = 0.05; striped bars), compared to 32 species actually found only in 
the historic data set. This indicates that up to 1 1 species may have gone extinct in the Fundy Coast region since 
1970, 
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Nurnber of Species Falling in the pre-1970 Data Set by Chance 



Figure 3.2. Frequency histogram generated by resampling with replacement 10,000 times the historic (n = 76) 
and modem (n = 1231) data sets for Charlotte County. Up to 6 species fell in to the historic category by chance 
alone (with P = 0.05; striped bars), compared to 19 species actually found only in the historic data set. This 
indicates that up to 13 species may have gone extinct in Charlotte County since 1970. 
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Figure 3.3. Frequency histogram generated by resampling with replacement 10,000 times the historic (n = 7) 
and modem (n = 558) data sets for Albert County. Only one species was observed to be recorded only in the 
historic record. This data shows insufficient evidence that any species extirpations have occurred in the Albert 
County fauna (P = 0.64 at n = 1). 
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Appendix 1. List of ail the noctuid species (Lepidoptera: Noctuidae) recorded in the 
Fundy Coast moth database (n = 41 1). Check marks indicate the counties where each 
species was recorded- *Incikates a questionable species record (e-g. species which are 
not expected within the region, or for which a voucher specimen was not definitively 
identified). **Indicates species identified as undescribed members of an existing 
genus, according to Dr. A. Thomas, Canadian Forest Service, Fredericton. These 
species have already been ccdiscovered" by other worken but have not been officially 
described and do not have official scientinc names as yet. +The taxonomy for these 
two species of Hyppa is currently under revision, so theu designated names in the 
database may not be correct- Hodges catalogue numbers are unique identifiers for each 
species, and foUow Hodges (1983). 

Species Eodges # 

Her miniinae 
Idia amerkalis (Gn.) 8322 
Idia aemula a n .  8323 
**ldia new sp. near aemula 8323.1 
Idia rotundalis (WUr.) 8326 
klia laurenti (Sm.) 833 1 
Phalaenophana pyramusalis (wik.) 8338 
Zanclognatha Zituralis @Ibn.) 8340 
Zanchgnatha theralis (Wk) 834 1 
Zanclognatha pedipilalis (Go.) 8348 
Zanclognatha protumnusalis (Wk) 8349 
Zanclognatha cruralis (Gn.) 8351 
Zanclognatha jacchusalis (Wk.) 8352 
**Zanclognatha new sp. nearjacchusaZis 83 52.1 
Zanclognatha ochreipennis (Grt.) 8353 
Chytolita morbidalis (Gn.) 8355 
Chytolita petrealis Grt. 8356 
Hormisa absoptalis W. 8357 
Horisma orcifealis Wlk 8360 
Phalaenostola metunalis (Wk) 8362 
Phalaenostola eumelusalis (WC.) 8363 
Bleptina caradrinalis Gn- 8370 
Renia saZusuZis (Wlk.) 8378 
Renia factiosalis (Wlk.) 8379 
Renia frav@unctalis (Gey.) 83 84.1 
Renia sobrialis (Wlk.) 8387 
Palthis anguZalis (Hbn.) 8397 

Charlotte St. John Aibert 



Appendix 1 (continued). 

Species Hodges # County 
Charlotte St. John Albert 

Rivuhae 
Rivula propinqualis Ga. 8404 J 4 

Hypeninae 
Hjpenodesfiacririnea (Sm.) 842 1 J 
Bomoloclm balthoralis (Gn.) 8442 J J 
Bomolocha bijugalis (Wk.) 8443 J J 
Bomolocha paipana ( W k )  8444 4 J 
BomoZocha abdienalis (Wlk) 8445 J 
Bomolocha deceptalis (Wlk.) 8446 4 
Lomanaltes eductdis (Wk) 8455 / J 
Hjpena hum& Harr. 8461 d 
Platyhypenu scabra (F.) 8465 d J 
Spargalorna sexpunctata Grt. 8479 J 

Catocaünae 
Pangrapta decoraIis Hbn. 
Metalectra discalis (Ga) 
Metalectra quadnsignata (Wlk.) 
Calypta conadensis (Bethune) 
Alabama argillacea (Hbn.) 
Scoliopteryx libatrix (L.) 
Anticarsia gemmatalis Hbn. 
Drasteria graphica Hbn. 
Synedoida adumbratu (Behr) 
Ascalapha odorata (L.) 
ZaZe lunuta (Dnuy) 
Zale aemgtonosa (Gn.) 
ZaZe rninerea (Gn.) 
Zale obliqua (Gn.) 
Zale duplicata (Bethune) 
ZuZe lunifera (Hm.) 
Zale unilineata (Grt.) 
Zuk hom'da Hbn. 
Euparthenos nubilis @Ibn.) 
Parallelia bistrian' Hbn. 
Caenurgina crasi~iscuia (Haw.) 
*Gaenurgina erechtea (Cram.) 
CatocaZa antinyrnpha @Ibn.) 



Appenix 1 (continued), 

Species Hodges # Counîy 
Charlotte S t  John Albert 

Catocaiinae (continued) 
Catocala coelebs G R  - 

CafocaZa dia (Cram.) 
Catocala cerogama Gn. 
Catocala reliera Wk. 
Catocalu un@ga W. 
Catocala paria Gn. 
Catocala bnseis Edw. 
*Catocda grotima Bailey 
Catocala concumbens WLk. 
Catocala sordida Grt. 
Catocala ultronia (Hbn.) 
CatocaZa crataegi Saund. 
Catocala blundu2a Hdst 

Thkhoplusia ni (Hbn.) 
Pseudoplusia includens (Wk.) 
Diachrysia aereoides (Grt.) 
Diachrysiu balluca Gey. 
Pseudeva purpurigera (Wlk.) 
Chrysanympha formosa (Grt) 
Eosphoropteryx fhyuîyroides (Go.) 
Autographa biloba (Steph.) 
Autographa precationis (Gn.) 
Autagrapha rubida Ottol. 
Autographa bimacdata (Steph.) 
Autographa mappa (G. & R.) 
Autographaflagellum (WLk) 
Autographa ampZa (Wk.) 
Anagraphu farcifera (Kb y.) 
Syngrapha altera (Ottol.) 
Syngraphu octoscrpta (Grt.) 
Syngrapha epigaea (Grt.) 
Syngrapha selecta (Wlk.) 
S ' a p h a  virïdisigma (Grî.) 
Syngrapha alias (Ottol.) 
Spgrapha a b m a  Eichün & 
Cuoningham 



Appendix 1 (continued). 

Species Hodges # County 
Charlotte St. John Albert 

Plusiinae (continued) 
Syngrapha cryptica Eichlin & 8941 J 
Cunningham 
S'grapha rectangula (W. Kby-) 8942 J 4 4 
Syngrapha angulidens (Sm.) 8943 J 
Syngrapha microgramma (Hbn.) 8946 J 
Plusia putnami Grt. 8950 J J 
Plusia venwta W k  8953 J 4 J 

Sarrothripinae 
BaiZeya doubledayi (Gn.) 8969 J J 
Baileya ophtlialmica (Gn.) 8970 d J 

Acontünae 
Hypestrotia pervertens (B. & McD.) 9037 4 
Lithacodia bellicda Hbn. 9046 J J 
Lithacodia murcosula (Ga) 9047 4 J 
Lithacodia albidula (Gn.) 9048 J 4 J 
L Wacodia synoditis (G. & R.) 9049 J J J 
Lirhacodia concinnim~mIa (Gn.) 9050 4 J 
Lithacodia cameola (Gn.) 9053 4 J 
Homopiroberia apicosa (Haw.) 9057 4 
Capk cuwata Grt. 9059 4 J J 
Cerna cora Hbn. 9061 4 
Leuconycta diphteroides (Gn.) 9065 4 J 
Leuconycta lepidula (Grt.) 9066 4 J 
Tarachidia erastrioides (Gn.) 9095 4 
Tarachidia tortncina (Zell.) 9101 J 

Pantheinae 
Panthea acronyctoides (Wk.) 
*Pan thea ficilla (Pack.) 
Panthea pallescens McD. 
Co locasia flavicomis (Sm .) 
Colocasia propinquilinea (Grt.) 
Charadra deridens (Gn.) 
*Raphia abrupta Grî. 
Raphia fiater Ga. 



Appendix 1 (continued). 

Species 

Acronictinae 
Acronicta amerkana (Harr.) 
Acronicra dactyina Grt. 
Acronicta [epuscuha Gn. 
Acronicta ieporïm vulpina (Grt.) 
Acronicta innotata Gn. 
Acronicta radclzrei @am.) 
Acronicta tntntona @Ibn,) 
Acronicta grises Wlk. 
Acronicta funeralis G. & R. 
Acronicta superans Gn. 
Acronicta laetzica Sm. 
A cron icta firrczyera G n  . 
Acronicta hasta Gn. 
Acronicta intempta Gn. 
Acron icta fiagilis (Gn.) 
Acronicta increta Morr. 
Acronicta inclara Sm. 
Acronicta retardata (Wlk.) 
Acronicta subochrea Grt. 
Acronicta impieta Wlk 
Acronicta sperata Grt. 
Acronicta noctivczga Grt. 
Acronicta impressa Wlk. 
Acronicta ionga Gn. 
Acronicta oblinita (J. E. Smith) 
Simyra henrici (Grt.) 
A-podes fallux (H. -S.) 
Hamsimemna trisignata (Wk.) 

Hodges # County 
Charlotte St. John Aïbert 

Agaris tinae 
Aiypia octomaculata (F-) 93 14 J 
Abia Iangtoni Couper 93 18 4 

Amp hipyrinae 
Apurnea verbascoides (Gn.) 9326 J J 
Apumea lijpicolora (Gn.) 9333 J J 
Apamea vultuosa (Grt.) 9341 4 J 
Apamea amputanUr (Fitch) 9348 4 J 
Apamea alia (Gn.) 935 1 4 4 



Appendix L (continued). 

Amphipyrînae (continued) 
Apamea inordinata (Morr.) 
Apamea commoda (Wk.) 
Apamea impulsa (Gn.) 
Apamea mLxta (Grt.) 
Apamea indociiis (VVk.) 
Apamea finitirna Gn. 
Apamea iaterïtiu (Huni.) 
Apamea dubitans (Wlk,) 
Apamea cogitata (Sm.) 
Apamea infcita (WU<.) 
Apamea niveivenosa (Grt,) 
Apamea burgessi (Morr.) 
Apamea datastator (Brace) 
Lupenna passer (Gn.) 
Lupenna stipata (Morr.) 
Eremobina claudens (Wllc.) 
Oligr-a indirecta (Grt.) 
**OZigrgra new sp. 
OZigia rnodica (Gn.) 
Oiigia exhausta (Sm.) 
OZigria tonsa (Grt.) 
OZigra bndghami (G. & R.) 
Oligra minuscuia (Mom.) 
Oligia mactata (Gn.) 
OZigrb ilocata (WZk.) 
Meropleon diversicolor (Morr.) 
Xylomoiu chagnoni B. & McD. 
Chortodes inquinatu (Gn.) 
Chortodes nrfstrîgata (Pack.) 
Archanara obionga (Grî.) 
Macronuta onusta (Grt.) 
CeZaena renqormis (Ga.) 
Amphipoea velata (Wlk.) 
Amphipoea amencana (Speyer) 
Papaipema duovata (Bird) 
Papaipema ptenSii Bkd 
Papaipema inquaesita (G. & R,) 
Papa@ema neplieleptena @yu) 
Papaipema unimoda (Sm.) 

Species Hodges # County 
Charlotte St. John Albert 



Appendix I (continued). 

Amp hipyrinae (continued) 
Hydraecia micacea (Esp.) 
Achatodes zeae (Harr.) 
BeZZura obliqua (Wk.) 
Eupkmù beneshilis McD. 
Phlogophora iris Gn. 
Ph logophora pe~mIosa  Gn. 
Conservula anodonta (Gn.) 
EnargiP decolor m.) 
Enargia infirmata (Ga)  
Ipimorpha pleonectusa GR. 
Chytonùr palZiatntncuIa (Gn.) 
Andropolia contacta (Wk)  
3- Hyppa '*yinoides ' (Gn.) 
T Hyppa ~ncocisconensis' (Morr.) 

Nedm ramosula (Gn.) 
Callopistria mollissima (Gn.) 
CalZopistna cordata (Ljungh) 
Magma orbferu (WU<.) 
Amp hipVra pyrarnidoides (Gn.) 
Amphipyra tragopoginis (CI.) 
Athetis miranda (Grt.) 
Caradrina motpheus (Huh.) 
Caradnka rneralis (Morr.) 
Caradrina mulîiifera (Wk.) 
Balsa malana (Fitch) 
Balsa tnStngeIZa (Wlk.) 
Balsa labecula (GR) 
Spodoptera~gtperda (LE. Smith) 
Elaphna versicolor (Grt.) 
Elaph ria festivoides (Gn.) 
Arnolita fessa Grt. 

Species Hodges # County 
Charlotte St. John Albert 

Cuculliinae 
XyZena nupera (Lint.) 9873 J 
XyZena curvimanrla (Mon.) 9874 4' J 
Xyleno thoracica (Putnam-Cramer) 9875 J 
Xylena cineritia (Grt.) 9876 4 
Lithomoia solidaginis (Hbn.) 9878 4 4 J 
Lithomoia solidaginis gennana (Morr.) 9878a d 



Species Hodges # County 
Charlotte St. John Aibert 

C u c u l ~ a e  (continued) 
Homoglaea hircina MO;. 
Litholomia napaea (Morr.) 
Lithophune bethunei (G. & R.) 
Lithophane innominata (Sm.) 
Lithophane petulca Grt. 
Lithophane amanda (Sm.) 
Lithophane dispusita Mon- 
Lithophane hemina Grt 
Lithophane baileya GR 
Lithophane tepida Grt. 
Lithophane antennuta (WLk.) 
Lithophane georgii Grt. 
Lithophane grotei Riley 
Lithophane unimoda (L.int.) 
Lithophane fagina Morr. 
Lithophane pexata Gd. 
Lithophane thaxterî Grt. 
Eupsilia vinulenta (Grt.) 
Eupsiiia tnstigmata (Grt.) 
Eupsilia mom5oni (Grt.) 
Eupsilia devia (Grî-) 
Metaxag[aea inuka (Grî.) 
Epiglaea apiata (Grt.) 
Eucirroedia pampina (Gn.) 
Sunint bicolorago (Gn.) 
Anathix ralla (G. & R.) 
AnathUr puta (G. & R.) 
Xanthia togata (Es p.) 
Hilria iris (Zett.) 
Fishia enthea Grt. 
Phtypolia anceps (S  te ph.) 
Xylotype acadia B. & Benj. 
Mnioiype fervida (Sm.) 
Mnioiype ducta (Grt.) 
Sutyna privata (WUc) 
Bruchylomia algens (Grî.) 
Feralia jocosa (Gn.) 
Feralia comrtocki (Grt.) 
Bracliionychia borealis (Sm.) 



Appendix 1 (continued). 

Species Hodges # County 
Charlotte St. John ~ l b e r t ~  

Cuculliinae (continued) 
Apharetra dentata (Grt.) 
Apharetra purpurea McD. 
Homohadena infia (Wlk.) 
Oncocnemis pzflardi (WUc) 
Callophasia lunula (Huni.) 
Cucuilia intermedia Speyer 
Cucuiliaflorea Gn. 
CucuMa postera Gn, 
Cucullia omissa Dod 
CuculIia convexipennis G. & R 

Hadeninae 
Discestra tri$?olii (HI&) 
Scotogramma tn/ooliii (WLk.) 
Sidendis rmea (Hm.) 
Sidendis maryx (Gn.) 
Mamesira curialis (Sm.) 
Polia nimbosa (Gn.) 
Polia imbnfera (Gn.) 
Polia pu~urissata (Grt.) 
Polia detracta (Wk.) 
Polia latex (Gn.) 
Melancfira adjuncta (Hm.) 
Melanchra picta (Harr.) 
Melanchra pulverulenta (Sm.) 
Melanchra ussimilis (Morr.) 
Lacanobia atlantica (Grt.) 
Lacanobia radk (Wlk) 
Ltzcanobia subjuncta (G. & R.) 
Spirameter grondis (Gn.) 
Spirameter lutra (Gn.) 
Trichordestra mgosa (Morr.) 
Trichordesrra tacoma (Sîh.) 
Trichordesha legitimo (Grî.) 
Trichordestra Macina (Hm.) 
Papestra quadrata ingrmis (Sm.) 
Papesha biren (Goeze) 
Papestra cnstifera (wik.) 
Lacinipolia rnediatn (Grt.) 



Appendix 1 (continued). 

Species 

Hadeninae (continued) 
Lacinipoh Iusîralis (Grt.) 
Lacinipolia anguina (Grt.) 
Lacinipolia renigera (S tep h.) 
Lacinipolia Zorea (Gn.) 
Lacinipolia olivacea (Morr-) 
Faronta d e a  (Wik.) 
Aleria oxygda (Grt.) 
Pseuduietia unipuncta (Haw.) 
Lemania multiIinea (Wlk.) 
Leucania commoides Gn. 
Leucania insueta Gn. 
Leucania inemis @%S.) 
Leucania pseudargyria Gn. 
Leucania pilipoips (Grt.) 
Orthosia mbescens (Wlk.) 
Orthosia revicta (Morr.) 
Orthosia hibisci (Go.) 
Crocigrapha nonnani (Ga.) 
Egira ddosa (Grt.) 
Morrisonia evicta ( G e )  
Momsonia conma @Ibn.) 
Mom'sonia latex (Gn.) 
Nephelodes minians Gn. 
Homorthodesf;~ratu (Grt) 
Protorthodes oviduca (Gn.) 
Pseudorthodes vecors (Gn.) 
Orthodes crenulata (Butler) 
Orthodes cynica Gn. 
Orthodes goodeIIi (GR) 
Trïcholita signata (Wk.) 

Hodges # County 
Charlotte St. John Aibert 

Noctuinae 
Agrozzk vetusta WUc. 10641 4 4 J 
Agrotis mollis Wlk. 10644 4 J 
Agrotis venerabilis Wllc. 10651 J J d 
Agrotis volubilis Harv. 10659 4 4 
Agrotis @don  (Hufii.) 10663 4 4 4 
Fe Ztiu jaculifera (Gn.) 10670 J J 
FeItia sirbgothica (Haw.) 10674 J 



Appendix I (continued). 

Noctuinae (continued) 
Feltia hedis (GrQ 
Euxoa divergens (Wlk) 
Euxoa rnesson~ (Harr.) 
Euxoa aurulenta (Sm.) 
Euxoa mimallonis (GR) 
Euxoa campesh.is (Grt.) 
E m a  comosa ontano (Sm.) 
EuxoufUmalis (Grt.) 
Euxoa ochrogaster (Gn.) 
Euxoa tesselIata (Hm.) 
Euxoa detersa (Wlk.) 
Euxoa redimicula (Morr.) 
Euxoa senitu (Sm.) 
Euxoa perpolita (Morr.) 
Ochropieura impIecta Lafontaine 
Euagrotis forbesi Franc. 
Peridroma saucia (Hh.) 
Diarsia rubifera (Grt.) 
Diarsiajucunda (W.) 
Diarsia fieernani Hdwk. 
Actebia fennica (Tauscher) 
Spaelotis clandestina (Harr.) 
Graphiphora augur haruspica (Grt.) 
Eurois occulta a.) 
Eziruis asfrictu Morr. 
Xestia c-niprn adela Franc. 
Xestia dolosa Franc. 
Xestia nomaniana (Grt.) 
Xestia smithii (Snell.) 
Xestia oblata (Morr.) 
Xestia bicarnea (Gn.) 
Xestia tenuieula (Morr,) 
Xestia perquii-itata (Morr.) 
Xestia homogena McD. 
Xestia impenta @Ibn.) 
Xestia elimuta (Gn.) 
Xestia bcdicollis (Grt.) 
**Xestia new sp. near badicoZZis 
Xesta dilucida (Morr.) 

S pecies Eoâges # County 
Charlotte St. John Albert 



Appendix 1 (continued). 

Species 

Noctuinae (continued) 
Xestia youngii (Sm.) 
Paradiarsia lilloralis (Pack.) 
Hemipachnobia subporphy'ea 
monochromatea (Morr.) 
Cerastis tenebrifera (Wlk.) 
Metalepsis salicarum (Wk) 
Metalepsis fishii (Grî,) 
ApZectoides condita (Ga.) 
Anaplectoides prasina @. & S.) 
Anaplectoides pressus (Grt.) 
Protolumpra rufpecfus @fom.) 
Eueretagrotis sijpoides (Gn.) 
Eueretagrotis perattenta (Grt,) 
Eueretagrotis attenta (Grt.) 
Heptagrotis phyllophom (Grt.) 
Cry~tocda acadiosis (Bethune) 
Noctua pronuba (L.) 
Abagrotis altemata (GK) 
Rhyncugrotis cupida (Grt.) 
Rhyncagrotis adulta (Gn.) 
Ufeus satyn'cus Grt. 

Hodges # County 
Charlotte St. John Albert 

Heliot hinae 
Pyrrhiu qperïmenr (WUc.) 11064 4 
Helicoverpa zea (Gn.) 1 1068 J J J 
Schinia florida (Gn.) 11164 4 J 

Species Totals By Coun ty 329 117 283 
Total Number of Species Recorded 411 



AppendU 2. Species iisted as present within the Greater Fundy Ecosystem according 
to Thomas (1998) but not presented in the Fundy Coast nochùd moth database (n = 24). 
These species were excluded because they are not listed as occming at a specinc 
location, a prerequisite for inclusion in the nochud moth database. Hodges catalogue 
nurnbers are unique identifiers for each species, and foLIow Hodges (1983). 

Species 
Zanclognatha inconspicuatis (Grt.) 
Zanclognatha laevigrta (Ga.) 
Autographa pseudogarnma (Grt-) 
Acronicta lobeliae Gn, 
Acronicta lanceohfa (Grt.) 
Apamea cariosa (Ga) 
Apamea sordens (Hufn-) 
Apamea ophiogramrna Esper 
Tnchoplexia exornata (Mosch.) 
Eremobina jocasta (Sm.) 
Papaeema impecuniosa (Grt.) 
P a p a m a  nebns (Gn.) 
Papaipema eupatarii (Lyman) 
Dipterygr0a rozmani Berio 
Spodoptera ornithogalli (Ga) 
Condica vecors (Gn.) 
Xanthia new sp. near togata 
Mnioîype miniota (Grt,) 
Sideridis congermana (Morr.) 
Leucania linita Gn. 
Leucania phragmatidicola Gn. 
Euoa quebecensis (Sm.) 
Euxoa declarata (Wlk.) 
Rliynchagrotis bbnrneipennis (GR) 

Hodges # 
8344 
8345 
8913 
9238 
9274 
9329 
9364 
93 82.1 
9394 
9398 
9473 
9496 
9501 
9560 
9669 
9696 
9965 
9985 
10266 
10440 
10444 
10714 
10755 



Appendix 3.1. Program wrïtten for the Resarnpling Statistics computer program to 
anaLyze the entire Fundy Coast data set for species extirpations. Observed values: 
historic data set (pre-1970 data, called 'TRE" in program) n = 508, modem data set 
(1970-on data, called "'POST' in program) n = 1722, species unique to histonc data set 
n = 32. 

Program Line Commaad Explanation 
MAXSIZE a 2250 c 1730 Increase size of columns a and c to 2250 and 1730 
z 10000 respectively, increase size of column z to 10,000 cells. 
READ file "NBcoast" a Read in Fundy Coast data nle into column a. 
REPEAT 10000 
SAMPLE 508 a b  

SAMPLE 1722 a c 

DEDUP b b 

DEDUP c c 

SlZEcd 
COPY O p 
REPEAT d 

WEED b=e b 

END 

SIZE b f 

SCORE f z 
END 
HISTOGRAM z 
COUNT z >= 32 k 

Resample (repeat the rest of the program) 10,000 times. 
Raudomly sample, with replacement, 508 entrïes fiom the 
Fundy Coast data set (column a) for the new 'TRE'' sample 
and put into column b. 
Randomly sample, with replacement, 1722 entrïes fkom 
column a for the new "POST" sample and put in column c. 
Compact al1 repeated entries in column b ('TRE) so that 
each species number occurs only once, print into column b. 
Compact ail repeated entries in column c C'POST") so that 
each species number occurs only once, print into column c. 
Count number of species in "POST" and place in d. 
Open a new column p and put in "O". 
Repeat the next loop d times (e.g., repeat the loop the same 
number of t h e s  as there are species listed in column d). 
Take the value in p and add 1, overwrïte into column p. 
Take row p in column c C'POSTy) and put into a new 
column e, 
Remove fiom "PRE" a11 entrïes (species) equal to the species 
in column e. 
Continue to remove fiom 'TRE" al1 species which appear in 
"POST" (e)- 
Count the number of species remaining in "PRE" after 
weeding out is complete. 
Put the number of species remaining in "PRE" into column z- 
End the resampling program. 
Create a histogram the distribution of z. 
Count the number of times that 32 or more species were 
found in "PRE'' and not in "POST", print in column k. 
Calculate this number (k) as a proportion and print in column 
kk* 
Print column kk. 



Appendir 33. Program written for the Resampling Statistics cornputer program to 
andyze the Charlotte County data set for species extirpations. Observed values: 
histone data set (pre-1970 data, called "PRE" in program) n = 76, modem data set 
(1 970-011 data, called TOST" in program) n = 123 1, species unique to historic data set 
n = 19. 

Program L h e  Command Explanation 
MAXSIZE a 13 10 c 1235 hcrease size of columns a and c to 13 10 and1235 cells 
Z 10000 respectively; increase size of column z to 10,000 cells. 
READ file "Charlotte" a Read the Charlotte data file into column a. 
REPEAT 10000 
SAMPLE 76 a b 

SAMPLE 123 1 a c 

DEDUP b b 

DEDUP c c 

SIZEcd 
COPY O p 
REPEAT d 

WEED b=e b 

END 

SIZE b f 

SCORE f z 
END 
HrSTOGRAM z 
COUNTz>= 1 k 

Resample (repeat the rest of the program) 10,000 times. 
Randorniy sample, with replacement, 76 entries fiom the 
Charlotte data set (column a) for the new 'TEE" sample and 
put into column b. 
Randomly sample, with replacement, 123 1 entries fiom 
column a for the new 'TOST" sample and put in column c. 
Compact ali repeated entries in column b (WW"P so that 
each species number occurs only once, print into column b. 
Compact al1 repeated entries in column c ("POST") so that 
each species number occurs only once, print into column c. 
Count number of species in "POST" and place in d. 
Open a new column p and put in "O". 
Repeat the next loop d times (e.g., repeat the loop the same 
number of times as there are species listed in column d). 
Take the value in p and add 1, ovenvrite into column p. 
Take row p in c o l m  c ("POST") and put into a new 
column e. 
Remove nom "PRE" all entries (species) equal to the species 
in column e- 
Continue to remove fiom "'PRE" al1 species which appear in 
"'POST" (e). 
Count the number of species remaining in "PRE" after 
weeduig out is complete. 
Put the number of species remaining in 'TRE" into colurnn z. 
End the resampling program. 
Create a histograrn the distribution of z. 
Count the number of times that 19 or more species were 
found in "PRE" and not in "POST", print in column k.. 
Calculate this number (k) as a proportion and print in column 
kk 
Print column kk. 



Appendix 3.3. Program written for the Resampling Statistics cornputer program to 
analyze the Albert County data set for species extirpations. Observed values: historic 
data set (pre-1970 data, called "PRE" in program) n = 7, modern data set (1970-on data, 
called 'TOST" in program) n = 558, species unique to hîstonc data set n = 1- 

Program Line Commaad Expianation 
MAXSIZE z 10000 Increase the size of c o l m  z to 10,000 cells. 
READ file "Albert" a 
REPEAT 10000 
SAMPLE 7 a b 

SAMPLE 558 a c 

DEDUP b b 

DEDUP c c 

SIZE c d 
COPY O p 
REPEAT d 

WEED b=e b 

END 

SIZE b f 

SCORE f z 
END 
H I S T O G W  z 
COUNTz>= 1 k 

DMDE k 10000 kk 

Read the Albert data file into column a. 
Resample (repeat the rest of the program) 10,000 times. 
Randomly sarnple, with replacement, 7 entries fÏom the 
Albert data set (column a) for the new TRE" sample and put 
into column b- 
Randomly sample, with repf acement, 558 entries from 
c o 1 m  a for the new "POST' samp1e and put in column c. 
Compact al1 repeated entries in column b ("PRE") so that 
each species number occurs oniy once, print into column b. 
Compact al1 repeated entries in coiumn c ("POST') so that 
each species number occurs oniy once, print into column c. 
Count number of species in "POST" and place in d. 
Open a new column p and put in "O". 
Repeat the next loop d times (e-g., repeat the loop the same 
number of tirnes as there are species tisted in column d). 
Take the value in p and add 1, overwrite into column p. 
Take row p in column c ("POST") and put into a new 
column e. 
Remove fiom "PRE al1 entries (species) equal to the species 
in column e. 
Continue to remove fiom "PRE al1 species which appear in 
ccPOST' (e). 
Count the number of species remaining in 'TRE" after 
weeding out is compiete. 
Put the number of species remaining in ''PRE" into column z. 
End the resampling program, 
Create a histogram the distribution of z. 
Count the number of times that 1 or more species were found 
in "PW and not in 'TOST", print in column k. 
Calculate this number (k) as a proportion and print in column 
kk. 
Print column kk, 



Appendir 3.4. Program written for the Resamphg Statistics computer program to 
analyze the St. John County data set for species introductions. Observed values: 
historic data set (pre-1970 data, called ''PW in program) n = 425, modem data set 
(1970-on data, called "POST" in program) n = 13 1, species unique to modem data set n 
= 42, 

Program Line 
MAXSIZE z 10000 
READ file "STjohn" a 
REPEAT 10000 
SAMPLE 425 a b 

SAMPLE 13 1 a c 

DEDUP b b 

DEDUP c c 

SIZE b d 
COPY O p 
EEPEAT d 

WEED c=e c 

END 

SIZE c f 

Command Explanation 
Increase size of column z to 10,000 cells-. 
Read in the St. John data file h t o  column a. 
Resample (repeat the rest of the program) 10,000 times. 
Randomly sample, with replacement, 425 entries from the St. 
John data set (column a) for the new "PRE" sample and put 
into column b. 
Randody sample, with replacement, 13 1 entries from 
colurnn a for the new TOST" sample and put in column c- 
Compact ail repeated entries in column b C'PRE") so that 
each species number occurs only once, print into column b. 
Compact all repeated entries in column c ("POST") so that 
each species number occurs only once, print into column c. 
Count number of species in "PRE and place in d. 
Open a new column p and put in "O". 
Repeat the next loop d times (e-g., repeat the loop the same 
number of times as there are species listed in column d). 
Take the value of p and add 1, overwrite in column p. 
Take row p in column b ("PIE") and put into a new colurnn 
e- 
Remove fiom TOST' all entries (species) equal to the 
species in column e. 
Continue removing fiom "POST" al1 species that appear in 
"PRE (e). 
Count the number of species remaining in "POST" after 
weeding out is cornpiete. 

SCORE f z Put the number of species remaining in "POST" into column 
2. 

END End the resampling program. 
HISTOGRAM z Create a histogram the distribution of z. 
COUNT z >= 42 k Count the number of times that 42 or more species were 

found in "POST" and not in 'TRE". 
DIVIDE k 10000 kk CaIculate thïs number (k) as a proportion and print in column 

kk* 
PEUNT kk Print column kk. 




