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Abstract

bythe

TUCN, with over 95% of the current population residing on the island of Newfoundland.

Surveys of £ primarily

COSEWIC provincial listings

respectively.

distibution model for £ pedicellatum on the island of Newfoundland. A suite of 19

rue absence). The f future COSEWIC

species disribution.
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1 Introduction

By their
us e atural y i 3
12007
ook at fundamental,
it
as E. pedicellarum); known commonly as boreal el lichen.
f and future spatal
butions for
and future trends i
1979, Bratko, etal..
006). In ecology
landscape
(Urban, 2000).




Most

of teriory.

elevation (Franklin, 1995).

deally, one should




orthe lack of

1, 2002) However,

i 1..2006). Altenatiely. or

binary models, especially in circumstances where species are extremely rare, o rarc

(Engler, et a., 2004).

for predictive:

2

respectively (Satler, et al., 2007; Zaniewski, et al, 2002).
After more than 30 years of tudy and opportunistic surveys on the island of

Newfoundland,lite s known of the lfe history of the boreal feltlchen. £

model. The species is considered rare besause it is diffcult o detect. Because of this, it

peci

bettridea Yetman, 2002

Additonally, The

four

fture survey




.y work for E.

proposed human development i those arcas

1.1 E. pedicellatum Biology and Ecology

A

outer lay iallfe

(Seaward, 1977). Li

1977).

the fungal i phorophyte;

while the algal

1977).Cy

dryness (Brodo, etal,, 2001),

photobiont

metabolism,

except for what fallsdircetly on each individuallichen, biomass growh is dependent on

during wet periods of the year.

E d I boreal forests with

Iy 1900, Brunswick

006)

Several years, and to date, about 100 individual lichens have been found (Cameron and




this global i ‘Newfoundland,

Tichens,

2006). The North £

‘onsists of Nova Seota, but was historicaly found in New Brunswick, and the borcal

Hanl, 2006). . pediclan
ey,
o are onl
together 2003, On the North

Hanel, 2006).In isolaed cases, E.

been found on yellow birch, Berula alleghaniensis, and black spruce, Picea mariana
(Schiedegger, 2003). In Europe, £. pedicellaum has been found on Norway spruce,

Picea abies dantic, E

in wet, oasal forest climes (Schiedegger, 2003).

E pedicellanumis leaf-ike in appesrance (Schiedegger, 2003). Thisleaf-like

edges. This colorat

e n.



fruiting. feltlichen

from other similar-looking lichens such as Coccocarpia palmicola.

Figure 1. Two photos of £ pedicellatum (courtesy of Newfoundland and Labrador
oot Cimeeaton) Now i bl e g o el Gt e
regions) of both photos, as wellas the reclish aphothecs

pedicellanum on th right i i the dark
pedicellatum on the lefisin:a lighter grey phase (characteristic of dry periods), which
Tends 1 render the apothecia dark brown to black in color.

The lfecyele for an epiphyti lichen can be quite complex, with several growth and

decay ages) tht can s the and retrat
in overall size, o loseis central porton altogetherand form a ring-lke patem on a tree
(Keeping and Hanel, 2006). Thislong and varied lfceycle may present the ichen with
several challenges, I onder for £ pedicelatum 1o sustain viable growth for  complete
Hifecyele, it must form and attach t0 & tee substrate that will st i excess of 30 years
(Keeping and Hanel, 2006). Schicdegger (2003)notes that balsam i seems o be the

preferred tree substate (both on the trunk and in the bran,

hes) of boreal felt ichen. It is

believed thatthere may be a connection tothe elative smoothness of a young

which continues onwards for

vore than 30

e, and nto midle and later aged rees. As

the tree becomes vencrable in age,the bark becomes more flaky and rugged.




E

also prefer bl S fens.

than balsam fir

nger

conducive to £ pedicelarum habitat visbility.

1.2 Brief Synopsis of the Boreal Population of E. pedicellatum

The frst, informal survey to identify boreal feltlichen in Newfoundland was

conducted in 006
19805 by T. Ahti and i, 1983).
Confirmed Northern Peninsula,

Bay d'Espoir ares, and the Avalon Peninsula were noted at the time, but o follow-up

15 years. At the

11 of the North

regions on both sides of the Atlantic (Keeping and Hanel, 2006). By 1998, thre had been

Witha

E Union for C: Nat

(IUCN) Lichen Red Listas criically endangered worldwide. To date, boreal feltlihen is



Newloundiand,

COSEWIC

(Committee on the Status of Endangered Wildlife in Canada), and Vulnerable under the

P " Labrador et (Maass and Yetman,
002; Keepi 2006), Theref
E
dice
Risk Pol Labrador, 2010).For £ pedicl
d oy f & b
E pedi

‘can oceur (Hanel and Keeping, 2006).

1.3 Current Status of E. pedicellatum
Keeping and Hanel (2006) state that concerted survey efforts for borel felt lihen

began on the Island of Newfoundiand in 1998, The provincial Department of Natursl

pices of the Departmen o |
Agifoods),adopied retaiing prime
habiat ap
n
for currently
known E. pecielanum popultions.
1998-2008, two disinct
2.1 Avalon




Peninsula within the Lockyer's Waters region, while anotheris centered near the

Jipujikuei Kuespem Provincial Pak in the Bay d'Espoie region. The combined

hall
respectively). In total, more
populted regions (Kecping and Hanel, 2006).
Erioderma Pedicellatum
d
1
d
d
d
d
q
Figure, ¢ £y inred

. 200 of Labrador, 200¢




In 1998, the Department of Forest Resources and Agrifoods adopted

Known £
E
was readil
available (Bil Clarke, prs. comm.). The Foresty Division elied heavily on
1983 yin, and ad) known £
determine £ i those zones.
sy for E
» balsa fir),
Clark The provincial Department o

‘Conservation's Wildlife Division has surveyed existng £ pedicellatum sites, and has.

current hyper-populated regions (Lockyer's Waters and Bay d'Espoir). The Conne River

Misspukek First Nation obiained federal funding via Environment Canada’s Species at

Risk Critcal

, Jipwi Park, in tandem




Mec . Tod field survey of

lichens completed i the province (MeCarthy, pers. comm.).

Both Clarks )and K d

size of trees). Furtherm

. with

many gulches, ravines and ivers crisscrossing the landscape. Surveys by helicopter arc

costly. it od

e during the wint

In 2006, the Government of Newfoundland and Labrador ini

006 - 2011) M  Plan for the Boreal Felt Li

Labrador. One. s

e feltlichen

(K d Hanel, 2006). I i i life

history of boreal felt lche

implemented.

Hanel, 2006). With a eliable predictive model, spatal disribution of boreal fltlichen



be better land

popul

being sitable for boreal felt lichen (Kecping and Hanel, 2006).

1.4 Predictive Modeling of Erioderma pedicellatum
The amount of accumulated data from surveys of . pedicellatum in

Hanel, 2006). H re

would be best 0 include both presence and absence data.

environmental fctors that were prominent in the majority of boreal felt lchen finds.

P

aspect,

content These

Tichen habitat, and two of these factors (ree substrate and distance from coastine) have.

been included

ind Neily, 2008). | in my model, as the data

poo

suitable forthe sudy (Table 1)



Table 1 ind the
systematic model for boreal el lichen on the sland of Newfoundland.
v St ol Nefoinand Hodel
Balsam e within sands Batsam fc within sands
Less than 30k rom, Less than 30 km from const
Ona stand level, Newfoundland.
suitabiliy for i
fir,

‘and (¢) topograph (specificall aspect). As one moves further inland from the coastine

(ocean),the degree and regularity of moist maritime elimate willdecrease. 1 predict that

Figure 3 (Baldwin and Bradfield 2005)




Supports Hypothesis Refutes Hypothesis

2
DistanceInshore (in meters or Kilometers)
Figure 3. E

function of distance inland from oceanic coast

Studies and » E

Hanel,

2006). Therefore, the presence of balsam fr may be an indicator of E. pedicellatum

g ctal. 1980),

and

lower near hills and peaks (Bill Clarke, pers. comm.). Moisture reention and collction at

the bottom of vlley

(Rolstad, 2001). Testng the £: pedicellanum habitat sitability aganst aspect, and TCI

fopogap TRMI 2 TC] Topographical

I elevation model,

(Figures 4 and 5). TCI measures the slope and aspect from a digi



lower clevaion, flater of!

at the surfice. The TRMI model uss the TCI data, but then further refines the TCT

collection areas (Parker, 1982).

£ Abundance

Aspect (degrees)
Figure 4 E
pedicellatum.




Ep Abundance

Topographical Convergencelndex(1Cl)

el or

res.
pedicellatum.

may also be an important predictor (Bill Clarke, pers. comm.). Some of the varition in

but topographic

- 1.,2001), 1 pr E

pedicellatum habitat wil more ikely be those areas with high TC1 and TRMI values.

Tused these.

for £ Newfoundland. If

power,

et the island.




2 Methods

“To develop a satistical population disribution model for £. pedicellaum |

y province, Then |
Finally, |
model e
Fint 1
assesed the £ $
nd,
2 1
i AGIS 9.3 (ESRI, Redlands, C
g data” Fih statstical model,and
esting dta” don Fieldi 1997), Thie,
a1 "
nderson, 2008). Fourth, |
i e

Bell, 1997). Finally, | developed a preditive surface for probabilit of E. pedicellatum

basis. Details o

2.1 Erioderma pedicellatum data

ight ye Department of a




Jichen thall

time. northe

time spent surveying are included in area counts I

Clarke, pers. comm., Clau
Hanel, pers. comm). Thus | was notable 0 stimate the extent of the survey area from

these data. |

specific point on the map (.., accurate 10 well within 78.9 melres). To be consistent, the

The
he:

grain) of 78.9 meters. Because | was unable to estimate the time orarca surveye

s, i ithin a particular 789 m.

erideell



Areg count & total search area 7y g

*

WEAL

®

\

AY
O = Ep data pont co-ondimic PointCount

wea count scarch arca

# = actual Ep sighting

Figures.
the star, which y y regi An

789 meter grid criterion, but

datum, it shows only
¥ space of the £
purposes of my study.
h fitered the
789 m grid cell,
I  Lockyer's Wa

prov 1 10% (1= 67) of

which was used for statistical model building (Fickling and Bell, 1997).



2.2, Pseudo absence data

1 o Be

find E pedicellatum
when following the same search protocols) was not done until 2009 (John McCarthy.

pers. comm). Psrado absence data has been used i other studies of are, or

fcult 10

find species. Thus,in order 0 develop a presence-absence model, | generated pscudo,

. 2009).

<GIS 9.3 (ESRI,

Redlands, CA, 2008) using Hawth's Tools Random Sampling Toolset; Beyer, 2004). I

i

Inital inspection

seudo absence data showed that al presence data were within 20 km of the coast (Figure

Figure 7. Scatte plotof the presence data in elation to distance from coastline. Note the




kam from th i st lof

island (Figure 8).

Figure 8. Island of Newfoundland, with a 20 km buffer (green shaded region). Note the
poir (cnter




Within all located within 1

2009), the

<GS 9. 1 rtio

of pseudo absences. My final count was =1 180, and it was deemed close enough to the

21 ratio o proceed. 10% (=

data,leaving 1062 foratotal

presence + perado absence data set of = 1662,

23GIS layers
23.1 Forest Resource Inventory

i F layerto

Labrador, Department of Natural Resources). FRI data provide a spatial dta se for forest

01).

“The focus of the FRI is on quanifying foreststand productivity for timber harvest, but

province and in other parts of the world (Moores, et .. 1996; Gilis, 2001). The database.

e

. E. pedicellanum




spruce (Picea

sample the FRI

Balsam fir. Thus,

i,

2.3.2 Distance from coastline
T used the “Near™ Toolin ArcGIS 9.3 Proximity Analysis toolbos to measure

distance

layer o the island of Newfoundland.

23.3TCIand TRMI Layers
“To approximate near surface and surface moisture for the mode input, T used

The

Topographic Ce Topographical Index

(TRMI) were developed by S. Wilds (Wilds and van Manen, 1995; Wolock and McCabe,

the US.

(Wolock and McCabe, 1995). It has since been used worldwide and has been accepted as

arobustpr real’

MeCabe, 1995).

Elevai fle containing




By usiog sk

from a DEM, the TCI and TRMI models can calculae relative topographic convergence

1built TCHand TRMI layers for th entire provinee in Arclnfo with Arc Macro

L ML TCHand TRMI for
he i i Tcalculated TRMI fo ging.
from igh Forthe

Tl th

moisture) o 14.

Wilds and van Manen’s (1995) original models for TCUTRMI were built for the

TCLand TRMI
par 1
agn S (i, 5x larger value) and
then re-run for the For both the TCland TRMI,
T
The i i Jaty
e $

then each model was separately run in Arclnfo. If the expected TCI or TRMI values.

. further

for the suspected parameter



Oneel TCUTRMI

I sampled the TC!

using the Extract Values o Points toolin ArcGIS 9.3 Spatial Analyst’s Extraction
toolbox. Figures 9 and 10 show TCI and TRMI respectively graphically on digital maps.

using ESRI AreGIS 9.3,



TCI lmerpolavan in the Avalon region

Figure 9. TCI values inthe Avalon region of the island of Newfoundland. Bluc denotes

convergence.



TRMI interpolation in the Avalon region
of the island of Newfoundland.

Figure 10 TRMI interpolation values in th center of the Avalon peninsula. Blu denotes

wetter regions, while red denotes drie regions.

23.4 Aspeet

ayer from

IS 9.3 Spatial Analyst

the DEM.



" to give “northen”

360° e.g. 5% eastof-

north is 52 while 5° west of orth s 375°. However, in temms of slar nsolation (which is

3 ion, the

‘magnitude s £5°). Figure 11 shows aspect output via ESRI AreGIS 9.3.




Aspect interpolation in the Avalon region
of the island of Newfoundland.

deniction



2.4 Statistical Analysis

1 carried out satstcal analyss in two phases s suggested by Fielding and Bell

(1997)

dat from the first

Bell 1097),

2.4.1 Model Building

Bxcel was tes
for normaliy. OF the three predictors chosen, moisture (both the TCI and TRMI data sets)

showed The TCand TRMI e

square rootof each datum. Aspect and Distance from Coastline, however, had bimodal

distibutions
parametric) satstcal analyss.

For 1

Li

Linear Model because of the non-normality of the data, paticularly the bimodalit of the



GAM s widely jcal model

al,,2002). Using a backfitting (rtrofiting and replacing) algorithm,the Generalized

Linear Model by replacing

ich backfiting

(one thati repettively replaced) algorithm (Hastic and Tibshirani, 1986). This fiting

the it from
leastsquares.
within a Gauss-Seidel backfiting algorithm (Haste and Tibshira, 1986).
model, par
theR 2120 withthe

MGCV library (Hasti, 2010) It recommended that unlss warnings are gencrated in

the R fthe model

(Haste, 2010).

2.42 Model selection

Original

(S).di ine (D). Topographical C¢ (T1). Toporaphical

.

original hypothesis.




“The full model, therefore, was:

0-$+D+ (Mo + A
wihal My
Ths,
r
jabe Ths, 50D+ A+ (Tl or
™). . 08
as utlind n Tale 2 These modes wre then sbjected o seis ofsatiscal

significance ests based on the Generalized Additive Model (GAM).

2120, iy, R
‘Computing). Each of the 19 models was analyzed using the Generalized Addiive Model

Tibrary (with the MGCYV libray). For each model, the predictors were individually

" kaike's

Information Critrion value that measures model fitness). | set my fnal p-value

005

3 : The adjusted

factors,

model, i Both

ahigh R i fare well



¢ and deviance

using the GAM

predictors, wi dy si butjustover the
005 ¢ values
were included,

plai The ANOVA chi

mst significant model from the suite of models (sec Table 2 below).



Table 2. Potntia £

osmuim




Bell.

1997). In R, the reserve data was used in the model sing the GAM (MGCV) library and
the predict gam command. Figure 12 oulines the process | used. The prediction

d output a

of the models paramete

tink with  logistical

1. Finally, Vifthey

confusion matrix (Fielding and Bel, 1997) o assess model fit.



Predhcton das ,:>J xponentil Tramsiormation ],:4 Togii Tramformaton ‘

o o oo | [Crosnerstnmen | ﬂ |

Figure 12 3
data
2.4.5 Predictive Surface
rface. In AreGIS 9.3, 1 s
Tools, Sampli i Hawih'
These data
159

Excel. The predi




cach data point.

Figure 12. The logistic values were then exporied back 10 the AreGIS 9.3 layer in the

1 Jyst toolbos, | then

ive surface of the island of Newfoundland

logistic values. The final output was a predi

based upon the best model.

3 Results
3.1 Sensitivity Analysis

None of the

parameter values displayed any significant change in output values. Thus both TC1 and

TRMI passed the sensitvity analysis (Table 3).

Magniude
P S S S S

Flow Acumlao1C1) P S T T S
P St Are ) o o o o o o o
—— o o o o o o o
Focal MeancTROM) o o o o o o o
Top Thrhld TRMI) © o o o o o 0

3.2 Final Model Selection
Figure 13 outlines the final model selction process using a flow chart Based on

the ANOVA chi square estthe final mode selected was model 3: 0 = 5D + sA, where O

37



id A the e
SA-+TCI) also had all the predictors significant,and had the best R values and
deviance explained values (Table 3). However, i the Chi-Squared ANOVA test, 0 =D
+sCL i

imony.

red bi

(Anderson, 2008).



Dbl Chck v
Exvline nd 2 values

N

Potom GAM il
ANOVACH S 1 6)

| i ity
s il sl

=

E

o gl 12

Figure 13 ing the pr
19 potential models.
of models during a given process.




predictor values of distance from coastline, aspect, TCT and TRMI are shown in Figures.
1417,

Pario Reidn

o s
Disnce fom Conslie (k)

Figure 14, Distance from coastine vrsus partil residuals on the y-axs, using the

(95%), whill the solid line represents th distance from coastline partial residual.



Thallinumbers based on aspect

ETEXIEE)

Nortery e Sounery

Figure 15. Boreal felt i Frommy.
data set, more boreal el lichen were found on the north facing rather than south facing

slopes or on flat trmain.

50

Paria Residuals
o0

500

1000 a0 a0 o 0 0

Figure 16. Actual TCI values with partial esiduals ploted on the y-axis, using the

lines represent the confidence interval (95%).



L

o n » 3 » @
oM

Figure 17, Actual TRMI values with partal residuals (sold lnes) plotted on the y-axis
I

(GAM)



3.3 Determining Model Fitness

for,
postive values,
buta suite of
Table 4. C
Values, as wellas ey values and their respective percentages for Model 3.
acual
predicted . 10 =
- 5
o
%
a1
vl g 8350
ot Chenion e 5100
Sensiviy 1453
ety 719
o2
Results. i inTable 4.5
accuracy of the presence data and absence data espectively. Sensitviy islow, at

14.93%, which indicates that the model is not predicting the presences of £ pedicellatun

L eror (Fieding and Bll, 1997). However,
71.79%.the model

- 5% which tacks o
p— 109%, iy
. Kappais very low



©: poor agr

out by Fielding and Bell(1997) for mode ftness.

3.4 Surface

“The predictive surface for the entir island is shown in Figure 18. Detsiled maps.

survey work for E. pedicellatum have occurred are shown in Figure 19 (Avalon) and

Figure 20 (Bay d"Espoir). Figure 18 represents th predictive model surface as applied to

e Balsam fi

H ighly pr
habitat”in Figure 18, only those that overlap with stands of Balsam fir would be:

considered probable . pedicelatu habital.



Predictve habiat sutabiltysurface projecton
fortheisand of Newfoundiand

Figure 18, The final polation. Dark
P

bl i for the model,

E fo this sudy. Grey arcas

For maps

lude the Balsam fir stands,see Figures 19.and 20.




Habitat sutability in the Avalon region

‘computer memory limitations.



Habitat suitabiltyin the Bay D'Espoir region

computer memory limitation.



4 Discussion

was the best of 18 possi Thad
were picked
ause they were Because thi
s an initial pr E pedicellatum, the initial
m y 2 i nd. -

computer program. The best ofal candidate models, given the data contained only the.
aspect and distance from coastline parameters.

[t o, the .

used a heuristc, or ‘rule of thumb’ model development and selection (Cameron and

Neily, 2008). A

forasetof

0 kilometers), and bal

| e




devel ihe FRI were not

detailed enough province-wide.

fcant, but only that aspectin ge ically significant. On a
cursory level, flat
terrain, as well
the final model,

feltichen

12001,

2001,

Hylander, 2005). Alternately, it may be a preference to greater near surface moisture

2
n i rowth life cycle
Hanel
balsam fir
Jichen life cyel i
fir growth and
13 the coastline 20
1610 f




Sudden or abruptch

1989). Furth

winds) may.

el i et

al., 2005). Balsam fr that g i be

exposed tothe oceanine elements year-found,

the most

&

ved that the

final model

of71.8% and 2%,

plai i Fielding and

Bel

amount, th Inmy study.

outnumbered prescnce data by a atio of 21, but was necessary to ensure beter overall

. 2009). This i Kappa

value and therefore, ender it ofltle worthfor the final model fitness analysis. However,

9%) $

work o refine, add or remove parameters to improve overal preditive fitness.



“The mode had low sensitivity and the model fitness was generally low. Two of

fcant, and

‘model. However,

oo 2008). Therefore, my

model, ively poor E found, is

relativly good at determining where it s likely to be absent.

per the Bay

dEspo s -

Peninsula. One of my key predictos forthe model was distance from coasline, which

the edge of a 20 kilometer range. At first glance,

. Howeer, further

of Newfoundiand's shape and

island of Newfoundland i comprised of severa lrge, yet narrowly shaped peninsulas.

One of the ihe Avalon Peninsula, where the Lockyer's
resides. .
from coastline, 0 ki

the 20 km region). This may explain the bimodality with the Avalon d



(70%) ofthe

.y daa set. The Bay
W Espoie egion, Avslon Prinsul, dos
Resource
Indes, blsam i fens,and eventuallyto blck sp
1989) Because E
y
E pedicel This woukd 0
islimited
constais.
A e nearthe
idiy fuctors for £

pedicellatum. The challenge was finding some form of moisture recording or derivation

Using historical

data from weather stations, such as the federal Environment Canada’s weather data was

for the study, as Using the
Topographical isture Index (TCTand
m levels. While

pedicellatum.



There may be other statisticaly significant preditor(s) of £ pedicellatun’s

population distribution which were not included in my stdy. The predictors  chose were

work ind
st pop » brador. There s
pos
. or data are lacking,
b
2
ieh m E
These, however, y
lack of my
study, and thelack of s thesis. For example, cven though
forthe stud dict i seasonally
high. y i he lack of aceurate
requied 1

could not use tha parameter.
“The amount of presence data garnered by provincial govemment and First

However, the

Nat

bulk of the data (~80%) was based on site count, ather than paint counts. As  outlined

I of

search effor or approximate area searched. Because my minimum grain was 78.9 meters,

study. These




model's selection
fitness and power could not be determined.
Finally, thelack of true absenece data may have had an impact on modeling

forrare

data for . pedicellatum, when compared o actual absence data. For my study.  had less

than hand, is my

overall pseudo sbsence dat.

4.1 Limitations and Recommendations

For further rescarch into the landscape ecology of E: pedicellanum 1 recommend at

Most

corroborated with more presence data outside of the Lockyer's Waters and Bay d'Espoir

o i E pedicellatum




2010,

may.in r

new £ the Bay

@ Espoir population, which may possibly reinforce my firstassumption.

=
saei i
.
:
iy
T —
vout
P ——
pevton i SRU Al
23 i e, Bt R — pocesin
JR——
\ iy of . g
N

Lockyer's Waters o monitor humidity, as well as fog and rainful. Bill Clarke (pers.

July to Septe



sgesid that p Hanel's xpert
he balsam s of fensand bogs is
i per
E yel,the
s optimal

for £ pedicellanum, Therefore, a study on tree age, DBH (diameter at breast height) and

rate of substrate change to . pedicellatum population density.

another way i developed
008,
2008 o i fumgal
£ populatons. It
E 4 e
2  pers. comm), In paricular,the



water lobes of th Iy Y dmay playa

comm). McCarthy's

Tichens,

E pedicellanum, Except

for Dr. MeCarthy's field survey, mostof the information gathered about other lichen and

E

large suit of poten

ly associated lichen species. A few species, such as Cococarpia

" b i

been included in surveys.

=

practics would be useful in the future, Systematic survey efforts would look in egions

o uted in my inoduction,
heralife easiilityofsuch practces s no il s acces 0 remoteregons,
ransportation, weath

Juc of i Dr. MeCarhy'
Jichens on the Aval i bt

only lasted for one year (McCarthy, pers. comm.). The Avalon itself i casir 10 suvey in

ha fashic than the rest

of the island. inthe Bay i




due 10 the cost and remoteness of such a survey endeavour.

I future surveys, the exclusion ofste counts n favour of point counts would add

fitness of the

final model. If ion of survey ber of

ther estimation of time spent and area surveyed would come into question.

development. proxy s such

The inclusion

absence data and increase the ftness o the overall model.

Ona final note, further modeling should be coupled with field rescarch. The

10 years. H

| limitations of my rescarch,




pa

rued by other
study. 1 did not have a feld esearch component in my study, 5o I had to rely on 3 party

data and proies (even though the detail quality and quantity was extensive). Therefore,

fpting and research,

lodging should be considered for fture rescarch projects.

5 Conclusion

Over 10 years of data

bution inthe Bay d'Espoir and Lockyer's Waters populaton regions. These data, in

E pedicellanum,

The use of the

based on

A a final model

chosen. The model proved relatively poor i determining the presence of £. pedicelltun,

ives the model poor sandings in overal model ftness.

the research, a final



a species thatis

data sets. The
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