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ABSTRACT 

This thcsis rxarnined the ability of landscape-level descriptors of habitat to explain the 

obsened distribution of indicated breeding pairs ( IBPs) of American Black Ducks (.4nrrs 

rwhripes) in the Canadian Maritime Provinces of New Brunswick and Nova Scotia. and 

whether thsse relationships could then be used to produce spatially explicit waterfowl 

population cstimatcs. Models were also developed to explain trends in Black Duck IBPs 

during the period 1990-99. 

These wre landscape-level models with an extent of 125.000 km' and grain sizes of 25 

kni' and 100 km'. Data were obtainrd from the Canadian Soi1 Information Survry. 

blaritims U'etlands Inventorp. ecological land classifications. provincial soil survrys. 

digital devation models and topographical maps. Data on the chemical limnolog of 

surface waters in survey plots were obtained from over 1 .O00 water samples collccted 

during 1996-98. and from Environment Canada databases. 

Variation in chemicaI limnology due to survey plot location was orders of magnitude 

yreater than variation due to aquatic habitat type. although both factors were significant. 

Chernical l imnolog of surface waters was correlated to soil chemistry and other 

landscape-levrl attributes. The nature and spatial scale of wetland data made ccological 

laiid çlassifiçation and soi1 data minor components of models. 

The best predictivr mode1 for Black Duck IBPs included eight variables and had R' = 

0.58. Black Duck IBPs were positively associated with maximum Golet Score. total 

number of lakss. total area of salt marsh. total phosphorous concentration of surface 

uatcrs. Stream densip. and total nurnber of buildings. and negatively associated with 

standard dcviation of rlevation and total length of roads. The Golet Score is a mrasure of 

a wtland's wildlife habitat value for a broad diversity of species. A univariate mode1 

based solely on Golet Score had R'= 0.78. Data from plots surveyed during 1986-89. 

confirmrd the importance of Golet Score as a predictor of Black Duck IBP distribution. 



Increasing Black Duck populations in survey plots during the penod 1990-99 were 

related to increasing Stream density. decreasing variation in elevation. and hypotherically. 

grrater numbers of beaver ponds. Logistic regression models were also developed to - 
predict the presence of breeding Ring-necked Ducks (Aythya collaris). Common 

Mergansers Nrrp l rs  rnrrgmser). and American Green-winged Teal (Anas creccrr 

~ ~ ~ i r o l i n ~ n s i s  ) in survey plots. 

Iicy~vo rds: 

--\mericm Blnck Duck Common Merganser / Ring-necked Duck ! American Grren- 

winged I'eal Habitat Models / Landscape Ecology ! Chernical Limnology ! Wrtlands 

N è u  Brunswick ' Nova Scotia 
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C W T E R  1 - A GENERAL INTRODUCTION 

INTRODUCTION 

This chapter provides an overall introduction to this thesis which examined the ability of 

landscape-level descriptors of habitat to explain the obsenred distribution of breeding 

hmcrican Black Ducks (.-fnas nibripes) in the Canadian Maritime Provinces of New 

Brunswick and Nova Scotia. and whether these relationships could then br used to 

produce spatially rxpiicit waterfowl population estimates. This research also investigatrd 

rrlationsliips brtwern wetland biophysical form. chernical limnology. and ecological 

hnction. 

Lniidscape-level analyses of wildlik-habitat interrelationships are characterised by large 

spatial scale and treatment of habitat units as part of a larger landscape mosaic (Conroy 

1 993 1. Wrtland biophysical form descnbes a wetland in terms of both physical form 

( e . , ~ .  . surface morpholog. presence of patterns. location in Iandscape) and dominant 

vegrtation (cg.. sedgrs. sphagnum moss. deciduous trees. shrubs). The Maritime 

R'rtland inwnrop includes 34 di fferent wtland biophysical forms. r . g .  sphagnum bog 

and shmb swarnp (Hanson and Calkins 1996). The ecological functions of wetlands 

include their role in hydrological (Bedford 1996) and biogeochemical processes (Gorhm 

et tri. 1998) as well as provision of wildlife habitat (GoIet 1978). 

Thesis Outline 

This tliesis has been witten in manuscript style with Chapter 7 to Chapter 5 being 

independent documenrs. Chapter 1 presents a general introduction and Chapter 6 

presents an concluding discussion. The outline of the thesis is as follows: 

Chapter 1 discusses the rationale for the study and a general introduction to habitat 

selection by American BIack Ducks. hereafter simply referred to as Black Ducks. as well 

as introductory discussions of wetlands and Iandscape ecoloa.  Subsequent chapters 



contain drtailed introductions to the specific ecological processes being examined in that 

chapter. 

Chapter 2 describes landscape-level data that were used in the models. This includes data 

from the Canadian Soi1 Information Survey (MacDonald and Vaientine 1992). the 

Maritime Wetlands Inventory (Hanson and Calkins 1996). and provincial ecological land 

classi fications (Davis and Browne 1996: Ecosystem-Classification-Working-Group 

1996 1. 

Chaprrr 3 presents information on the chernical limnology of surface waters. Over 1 .O00 

water samplrs w r e  collected from within sunrey plots. ivith additional data being 

obtained tiom Environment Canada databases. 

Chapter 4 presents data collected during breeding watrrfowl sumeys conducted bu the 

Canadian Wildlife Senice during 1986- 1999 (Bateman and Hicks 1995: Collins 1999: 

Erskinc. C r  ol. 1990). The methodologies used and limitations of these data are discussed. 

Chnpter 5 describes models created to explain the nurnber of indicated breeding pairs 

( IBPs) of Black Ducks in s w e y  plots during various time penods and at various spatial 

scalrs. blodels created to explain the number of IBPs of Ring-necked Ducks (.-fplgu 

col1wi.s). Common Mergansen (.l.lergzl.~ mergunser). and American Green-winged Tcal 

( . - l r ~ r r s  crrcctr curoiinensis) are discussed. Models to explain trends in local Black Duck 

populations are also presented. 

Chapter 6 discusses the potential for developinp spatially explicit models of Black Duck 

populations based on available data and distribution models developed during this 

research. 



BACKGROUND 

Distribution Of Breeding Black Ducks 

Suneys of wintering waterfowl by the U.S. Fish and Wildlife Service have indicated a 

dscline of 68% in the Amencan Black Duck (Anas mbripes) during the period 1955- 

1998 (Conroy er ai. 1999). This mid-winter inventory counts an estimated 20-33 % of 

the total population (Heusmann 1999). To assess the status of breeding Black Duck 

populations. hclicopter surveys have been conducted in eastem Canada since 1986 by rh t  

Canndian Wildlife Service and its partners in the Black Duck Joint Venture (BDJV). 

This s u n q  \vas designed to detect a 10% population change over a 5 year penod with 

90% p o w r  and 9596 confidence bp suweying 200 plots over the entire range of the 

Black Duck (Batcman and Hicks 1995). Prince Edward Island (PEI) is not part of the 

ovtirall BDJV hrlicoptrr-based Black Duck sun-ey program. Surveys of breeding pairs 

and broods of Black Ducks were initiated in PEI in 1983. with 2 pair counts and 2 brood 

çounts done by ground observation on approxirnately 75 wetlands. The very different 

nature of suney  data precluded incorporating PEI into this study. 

Blnck Duck indicnted breeding pair (IBP) densities vary substantially among survey plots 

locrited tliroughout New Brunswick and Nova Scotia (Figure 1.1 ). In 1990 thcre were O 

to 37 IBPs per 100 km' (Bateman and Hicks 1995). The reason for variation in Black 

Duck densities m o n g  BDJV plots has never been determined. The magnitude of this 

variation raises man- questions wiih respect to habitat selection by Black Ducks. and 

\\-etland function across the region. From the perspective of managing waterfowl 

populations. it suggests that spatiaily dependent rnodels are required (Cowardin rr c d .  

1995). 

In recrnt years. many studies have quantified habitat use by breeding Black Ducks in 

tlastern North Amenca (Bowes and Kehoe 1994; Diefenbach et al, 1996: Diefenbach and 

Owen 1989: Hughson 1971: Lewis and Garrison 1983: Parker el al. 1992: Petrie 1998: 

Pollard rr al. 2000: Ringelman el al. 1982: Seymour and Jackson 1996: Staicer er al. 



1994). These studies have shown that. depending on the methods and location of the 

study. certain habitat characteristics are correlated with pair densities and reproductive 

success. These studies have. however. been spatially restricted and examined third and 

tourth order habitat selection. i.e. meso- or micro- scale. (Johnson 1980). A quantitative 

cornparison of findings arnong studies is difficult because of different variables measured 

and di firent cnvironrnental conditions present. However. in a qualitative sense. rommon 

to al1 thcse studies was an increasing likelihood of Black Ducks using a specific wetland 

with increasing primaq productivity and mount of emrrgent vegetation. The 

estrapolation of these studies to larger spatial scales is not practical because of the site 

speçitic and detailrd nature of the data. The development of spatially explicit population 

modrls is ofien limited by the expense required to develop the database (Conroy rr c d .  

1999: Rempel et ul. 1997: Turner et (il. 1995). The existence of the BDJV Survey and 

the Maritime Wrtland Inventory affords a unique opportunity to examine habitat use by 

breeding Black Ducks at a landscape-level. Le.. first and second order habitat selection. 

v c . ~ 1 s i ; i ~  Johnson ( 1980). An analysis of the distribution of breeding Black Ducks at several 

spatial scales will also address questions related to the spatial scale at which habitat 

scleçtion ma)- occur. 

Mailards in Ontario. and Black Ducks in Nova Scotia. use highly productive wetlands in 

ternis of nutrients. alkalinity. and conductivity (Merendino and Anlrney 1994: Staicrr er 

i 1994 1. No differences have been documented in the types of habitats used by Black 

Ducks and Mailards in New Brunswick's upper Saint John River Valley (Petrie 1993). In 

castcm North Arnerica. Mallards use forested wetlands and beaver ponds. typically 

considerd to be the exclusive domain of the Black Duck. in northern New York. there 

tverci no stntistical differences in the types of habitats used by sympatric Black Ducks and 

blallards. although there was a trend for Mallards to use more productive habitats (Dwyer 

and Baldassarre 1994: Losito and Baldassarre 1995). In Ontario. Mallards used the most 

productive wetlands. presumably because they have displaced Black Ducks from these 

habitats ( Merendino et al. 1995). Mallards are absent fiom most of the waterfbwl suvey 

plots in New Brunswick and Nova Scotia. A component of this research was. therefore. 

to rvaluate at a landscape-level. the conclusion that Black Duck's do not use the most 



productive habitats in Ontario due to the presence of Mallads (Merendino er al. 1993) 

and whether any specific habitat type can br managed to benetit breeding Black Ducks 

u-ithout the same benetits being accrued to breeding Mallards (Kirby 1988: Merendino rr 

uI. 1993). 

oansers Other watrrfowl species are recorded during BDJV surveys. e.g.. Common Mer, 

( .\lwglrs mergcrnser ). Ring-necked Ducks (.-lythyu colluris). and Amencan Green-winged 

Teal (..lnci.v creccct ccirolinensis). The distribution of IBPs of thrse species will also be 

csaminsd in relation to landscape-levei habitat conditions. 

Waterfowl Population Models 

BDJV Sunq - s  were designed to detection Black Duck population trends. In western 

Nonh America. the Waterfowl Breeding Population and Habitat Survey has been 

çonducted annually since 1955 (Baldassam and Bolen 1994). This suwey is conducted 

in May and coïers 3.5 million km'. Waterfowl and wetlands are counted from tixed 

ning ciircraft alone rransects 0.40 km wide and up to 7-11 km long. A subsequent suney 

in July records number. age and size of duck broods. number of pairs still present and 

iiumber of ponds remaining. The landscape-level waterfowl population and habitat data 

obrained from these two surveys are combined to produce estimates of faIl populations. 

.-llihough thrse suneys are costly. thep provide the data required to annually formulate 

liunting regulations and foster the development of adaptive harvest management (Johnson 

CI d. 1996 1. 

U'atrrîôwl hmes t  regulations and management actions in Atlantic Canada are based on 

population trend data provided by BDJV s w e y s  and the National Hanesr Survey 

i Cooch el  (il. 1978). Previous estimates of waterfowl populations in Atlantic Canada 

w r e  based on simple extrapolation of survey data to larger geographic units. cg.. 

provinces ( Erskine 1987). The ability to produce regional waterfowl population 

estimates based on s w e y  data and spatiaily explicit population models would allow 

management actions to be formulated in relation to total population estimates and not just 



indices of trends (Turner et al. 1995). By controlling for variation due to differencrs in 

habitat among B D N  plots. the power to detect trends may be increased. The 

devcloprnent of a Black Duck production mode1 based on habitat-specific pair densities 

çould br used as a basis for models to predict the impacts of habitat alteration ( r .g . .  acid 

rain. climate change. habitat destruction) on regional Black Duck populations or other 

wtland-dependent ui Idli fe. The utility of data col lected during surveys designed for 

trend analysis for producing spatially explicit population models was evaluated. 

Wetland Consemation 

The global impacts of stratospheric ozone depletion and climate change captured public 

attention in the 1990s. However. the most important component of global change is 

human land use ( Vitousek 1 994). Wetlands have been lost at a proponionall y greatrr rate 

than most othrr land-cover types. for example. 65% of Atlantic Canada salt marshrs and 

7OU O o t' wtlands in southern Ontario have been destroyed (Rubec et ai. 1988). Remote 

scnsing and grographic information systems (GIS) have allowed visual and quantitative 

intqretations of land-cover types and cumulative impacts of land-use change (Sadrr et 

1 1 9 .  Inventories of wetlands have long been used as a ba i s  for conservation 

stratrgies designrd to protect critical wildiifr habitat (Tiner 1990). Wetlands have bren 

classi tied according to sevenl different systrms of varying complesity (Cowardin and 

Gulrt 1 995: Zoltai 1 988). However. to full' undentand the ecological impact of wetland 

habitat degradation and destruction. relationships between wetland biophysical form and 

ricological hnctions. such as wildlife habitat. must be drtermined (Bedford 1996: 

Xovitzki 1995). 

Landscape Ecology 

The ment  development of landscape ecology as a scientific discipline has resulted in an 

increased awareness of the importance of the appropriate spatial scale for analysis of 

ecological processes. Although the terms 'landscape' and 'landscape-level' are commonly 

used in a variety of scientific disciplines. there is no one univenally accepted definition. 



.-\ landscape has been described as a mosaic of local ecosystems or land uses over an area 

srveral kilometres wide (Forman 1993). A region. by contrast. describes a broad 

ceographical area with a common macro-climate and sphere of human activity. typically 
C 

hundreds of kilometres in spatial extent. Specific to this discussion. Forman ( 1993. page 

24) cited the Maritimes. as an exarnple o f a  region. 

Ecologists. howevtr. think that there are man? appropriate ways to define landscape 

Jepending on the phenornenon under consideration. Landscape-level does not confer a 

specitic sizc. rather it refers to the mosaic of patches relevant to the ecological process 

under consideration ( McGarigal and Marks 1995). An ecological definition of landscape 

is a matris of habitats whose identity. scale. and spatial organisation are detemined bu 

thc individuals that exploit it ( h i g h t  and Moms 1996). From both a geographer's and 

c.colqistts vim-point. to apply a landscape perspective is to treat 'large' areas as rntitiss 

xi th in trinsic propsrties ( Milne 1 993 ). With respect to this study . analysis of wetland 

habitat and \vatrrfowl populations at the spatial scale of s w e y  plots ( 2 5  - 100 km') could 

be considrred a landscapr-level rvaluation. which when repeated throughout Xew 

Brunswick and Nova Scotia. could br considered a regional analysis. 

;\lthourh - man- studies of habitat selection by waterfowl have been conducted. most have 

nor esamined the spatial relationships of wetland habitat availability but rather have bcen 

conductrd on a per wetland ba i s  ( c g . .  Dirfenbach el al- 1996: Hudgins 1988: Paquette 

and .-Wax>. 1996). In these previous studies the number of waterfowl using a specific 

wtland is related to habitat characteristics of that specific wetland. This study will relate 

rhr nurnbcir of waterfowl to habitat characteristics at 15 km2 and 100 km' spatial scales. 

.-1 spatial analysis of data From survey plots wi1l investigate the appropriateness of the 

BDJV sun-eu design in rastem Canada. The biotic components ofwetlands are a product 

of hydroloyy and chemical limnology. which in turn are intluenced by geographical. 

geological. and climatic factors (Zoltai 1988). The spatial scale at which wetlands are 

cifkctrd by geographical. climatologkal. and geological factors will also be examined. 



OBJECTIVES 

The main objectives of this study are: 

1 ) Drtsrmine if landscape-level descriptors of habitat can explain observed distribution 

of Black Duck indicated breeding pairs in s w e y  plots in New Brunswick and Nova 

Scotia. 

2 )  Examine distribution of breeding Black Duck pairs at multiple spatial scalrs and 

h e r m i n e  if the BDJV breeding pair survey is appropriately designed. 

3 )  Determine if landscape-level descriptors of habitat can explain temporal trends in 

local Black Duck populations in New Brunswick and Nova Scotia. 

-t ) Determine if  landscape-level descriptors of habitat can explain the observed 

distri but ion of indicated breeding pairs of Ring-nec ked Duc ks. Common Merpansers. and 

:\rncrican Green-wingcd Tcal in New Brunswick and Nova Scotia. 
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CHAPTER 2 - A L;UYDSCAPE-LEVEL EVALUATION OF 

WETLAND HABITAT IN NEW BRUNSWICK AND NOVA SCOTIA 

INTRODUCTION 

This chapter presents information on landscape-level descriptors of wetland habitat that 

could potentially expiain observed variation in the number of waterfowl observed in 

Blrick Duck Joint Venture (BDJV) survey plots in the Maritimes (Bateman and Hicks 

1995. Erskine et cri. 1990). The rationale for potentially including these variables in 

landscape Ievel models of waterfowl distribution is discussed in Chapter 5 (Table 5.1 ). 

i'opographical mapping. landscape ecology and ecological land classification aisr from 

3 fundamental human need to reduce the complexity of the world into a pattern of 

homogenous blocks that cm be readily understood. Althouph the inter-relatednrss 

betwen land-related resources and life at large spatial scales has long been recognized. 

(c .g . .  Gaia. Lovrlock 199 1 ). only recently has it developed into the discipline of scienti fic 

study kno~vn as landscape ecology ( Forman 1990: Schreiber 1990: Zonnrveld 1990). A s  

hurnan induced habitat change becornes global in occurrence and impact. an 

understanding of the dynamics of the biotic and abiotic components of ecosystems has 

becorne critical for managing land use and conserving biodiversity (Soulé 1986). 

Concurrent with the emergence of landscape ecology (Forman 1995) and land-use studies 

( Rubec 1 YX!: Rubec and Wiken 1983). wetland classification systems and inventories 

how bern developed in Canada to conserve and manage wetland resources (Millar 1975: 

Wmer  and Rubec 1997; Zoltai and Vitt I995). In the United States. similar efforts have 

brrn made to classi- and inventory wetlands (Cowardin et al. 1979: Golet 1973: Golrt 

and Larson 1974). In the United States. a national inventory program has been quite 

successful ( hap://mac.usgs.gov/mac/isb/pubs/factsheets/fs08099 .html). In Canada. 

çornplcte national coverage is lacking. Inventories have been conducted at provincial. or 

smaller scales (Cowell et al. 1995: Hanson and Calkins 1996; Ward et al. 1992). 



With the development of landscape ecology principles and geographic information 

systems (GIS). the goals of wetland inventory prograrns have expanded. In Atlantic 

Canada. provincial governments are concurrently updating wetland inventories and forest 

inwntories using the sarne images. Wetland inventories are now just one component of 

provincial land-use databases. 

In order to understand wetland ecosystems. data on specific wetlands have to be rnerpd 

with landscape-level hydrological. geographical. climatological. and geological data. 

.-Ilthough the trrm landscape and landscape-level is used comrnonly in a varirty of 

scirntific disciplines. there is no one definition which ail will agree ro. 

.-1 landscapr has been described as a rnosaic of local ecosystems or land uses over an area 

scveral kilometres wide ( Forman 1995). A region. by contrat. describes a broad 

geographical area with a common macro-climate and sphere of human activity. typically 

hundreds of kilometres in spatial extent. Specific to this discussion. Forman (1993. page 

24) cited the blaritimcs as an example of a region. 

Ecologists think that thrre are rnany appropriate ways to de fine landscape drpending on 

the phenornenon under consideration. Landscape-leve1 does not confer a sprcitic size. 

rathrr it rcfers to the mosaic of patches relevant to the ecological process under 

consideration ( McGariçal and Marks 1995). An ecological de finition of landscape is a 

matris of habitats whose idrntity. scale. and spatial organisation are detennined by the 

individunls that exploit it (Knight and Morris 1996). From both a geographer's and 

scologist's virwpoint. to apply a landscape perspective is to treat large areas as entitirs 

u-ith intrinsic properties (Milne 1993). With respect to this study. analysis of wetland 

habitat and waterfowl populations at the spatial scale of survey plots (25 - 100 km') 

i\+ould be considered a landscape level evaluation. which when repeated throughout New 

Bru~iswick and Nova Scotia would be considered a regional analysis. 

The desire to understand rcological processes at large spatial scales. and to determine 

what the appropriate spatial scale is for analysis. has led to the development of statistical 



procedures for spatial data (Isaaks and Srivastava 1989). Most natural ecological 

phenomena display spatial structure (Koenig and Knops 1998: Legendre 1993). Many 

statistical procedures cornmon in ecological studies require samples to be independent. 

Whcn sarnples are collected at different places or times. it is often the case that samples 

collected close to each other are more similar than those collected farther away or at a 

later tims (Robertson 1987). This correlation has the effect of reducing the number of 

independent observations. and hence reduces the power of statistical tests (Br-ito et [il. 

1999 1. .Assuming spatial dependence is more practical and realistic han assuming spatial 

indrpendsncr (Rossi et u1. 1992). The misapplication of simple statistical methods to 

spatial data ma) obscure more than it reveals. Past attempts to understand the importance 

of factors csplaining ecological pattern may have in fact been only a ranking of thesr: 

factors in  order of thçir spatial autocorrelation strength (Lennon 2000). 

The drvelopment of landscape ecology and geostatistical tools has allowed spatial 

autoçorrrlation to be thought of not as a statistical nuisance. but rather as a Fundamental 

question about ecological phenomena ( Isaaks and Srivastava 1989: Legendre 1993 ). 

Geostatistical tools that analyse autocorrelation were proposed rarly in the 20th centun 

( Home and Schneider 1995; RadeloîT et al. 3000). Simifar to the current discussion on 

the msrits of nul1 hypothesis testing (Cohen 1991: Johnson 1999). it should be stated that 

statistics cm only corroborate or contradict ecological ideas: the. cannot prove or 

disprove. Geostatistics are never a replacement for ecological reasoning (Cohen 1994: 

Rossi ct al. 1992). Grostatistics are also not a replacement for traditional methods of 

esploratory data analysis such as univariate and bivariate summary data plots. Pearson 

product moment correlations. and simple tables of data (Rossi er al. 1992: Thomson el d. 

1996). There are no true answers in geostatistics. only opportunity to gain more 

knowledge about the data and to improve one's models (Eastman 1999). The ultimate 

objective of work presented in this chapter is to summarise landscape-level descriptors of 

wtland habitat that ma- help explain the distribution of breeding waterfowl throughout 

New Brunswick and Nova Scotia. 



Black Duck Survep Plots 

The geographic coordinates of the four corners of waterfowl survey plots wcre 

detcrmined from 1 : 50.000 National Topographie Senes (NTS) maps on which the suney 

plot boundaries were drawn (Bateman and Hicks 1995. Enkine et d. 1990). The 1 O 

km* 1 O km sumey plot will hereaRer be refened to as a PLOT. Within the PLOT. tour 5 

km*5 km quadrats were identified. which shall be referred to as PQUADs. For example. 

PQUADs 75.4, 75B. 75C. 75D are the north-east. south-east, south-west, and no&-wst 

quadrats in PLOT 75. respective[-. The geographic coordinates of PQUAD boundarirs 

w r e  olso drtrrmined. Data were sumrnarised for 100 km2 PLOTS and 25 km2 PQUADs 

for potential inclusion in landscape scale models of waterfowl distribution in the 

Mari times. 

Maritime Wetland Inventow 

The Maritime Wrtlands Inventory (Hanson and Calkins 1996) was initiated in 198 1. pnor 

to remote sensing. powerful persona1 cornputers. and geographical information systrms 

utilised today. An ASCII file was originally created of al1 wetlands in New Brunswick 

and Nova Scotia yreater than 0.25 ha. with custom BASICA programs to revieve data. 

The location of cach wetland was represented as a single point in the north-rast corner of 

the wetland. The spatial extent and shape of the wetland was not represented digitally. 

The point data contained major systematic errors of omission in that the UTM zone and 

prttîïses for the rasting and northing (found at the corner of NTS maps) were not 

included in the database. Before being able to use the Maritime Wetlands Inventos ( WI 1 

as a grographic database. this information had to be added. This was done using 

algorithms based on the NTS Map and the easting and northing values that were in the 

database (Hanson and Cdkins 1996). 



Pnor to using the WI database. the coordinates for wetlands were verified by mapping 

wetlands by county and also by watershed ont0 NTS 1: 500.000 digital maps using GIS 

soliwu-e (SPXNS 1999). Wetlands that were not within the proper county or watershed. 

u-ers identified and their correct geographical coordinates determined by exarnining WI 

maps and 1 : 50.000 NTS maps. Once the locational information in the wetland inventory 

database was verified. overlays ont0 polygons could be conducted (SPANS 1999). 

Wstlands contained within suney plots were visually identified on the hl map sheets 

which d l o w d  information attributed to individual wetIands to be sumrnarised for sunvey 

plots. The boundaries of the waterfowl survey plots were d r a w  ont0 WI maps for New 

Brunswick and Yova Scotia (Hanson and Calkins 1996). Freshwater wetlands located 

wirhin the sun.ry plot were identitied and information on these wetlands obtained from 

the U'I database. This procedure was done visually using the W1 maps because the point 

data hrmat of the WI database could allow wetlands within the survry plot to be 

c s ç l u d d  if selrction \vas done using GIS soliwwe. If greater than 30 O h  of the area of 

the wtland was within the suney plot. data for that wetland was included for the plot. 

Stw Brunswick Soil Polygons 

The New Brunswick Department of Natural Resourcrs provided an overlay of WI 

wtlands (Hanson and Calkins 1996) onto provincial soil polygons. hereafier referrrd to 

as NB Polygons (Tonrr 1998). There are 9.934 different soil polygons in the province. 

These soi1 polygons range in size from 4.65 ha to 416 km'. with mean size of 5.65 km'. 

The o~erlay of wetlands onto NB Polygons resulted in approsimately 1 JO0 wetlands not 

bring assigned to a polygon (Toner 1998). Many wetlands were not assigned NB 

Polygons because of their immediate proximity to large rivers. such as the Saint John 

River. or international boundaries (Toner 1998). Discrepancies between polygon 

boundaries and wetland location prevented assi+ment of a polygon in these cases. I 

assigned NB Polygons to these wetlands b-* examining the database and WI maps 



Soil Landsîapes of Canada 

An ovsrlay of WI wetlands ont0 Soil Landscapes of Canada polygons (SLC Version 2.2).  

hereafier referred to as SLC Polygons. was conducted (SPANS 1999). Wetlands that 

were not assigned a polygon were identified and W maps and the database were 

çonsultrd. Frequently wetlands were not assigned a polygon because the wetland's 

coordinates placed it slightly outside of the jurisdictional or coastline boundaries of New 

Brunsn-ick in cornparison to the polygons. In these situations. wetlands were assigned a 

soil landscape polygon based on their location on the WI map and the soil polygon that 

hiid bren assigned to adjacent wetlands. 

SLC Polygons are part of the Canadian Soil Information System (blacDona1d and 

Valentinc 1992) and are based on sarlier mapping of Soil Landscapes of Canada 

(.L\nonymous 1989). which were recompiled at a scale of 1 : 1 million. Within SLC 

Po l y p n s  thrre are 1 to 1 2 components. Location of components within SLC Poly gons 

are not givrn. The first component covered. on average. 65% of the area covered by the 

SLC polygon. Each cornponent had associared with it many categorical descriptors. .A 

frequcncy distribution of categorical variables was summarised by PLOT and PQUAD 

using the percent area covered by the soil cornponent as the weighting variable (PROC 

FREQ: SAS 1988 1. Each wetland therefore had 100 observations for each categorical 

variable. The value of this categorical variable could al1 be the sarne for the wetland or a 

combination of the various megories for that variable. 

For esample. Soil polygon 20 183 is comprised of 3 components: 

Componrnt 1 covers j O ? h  of' the polygon area and has a value of 'A' for vegetation. 

Component 2 covers 3% of the polygon area. and has a value of 'B' for vegetation. 

Component 3 covers 25% of the polygon area and has a value of 'C' for vegetation. 

.A wrtland in this soil polygon is assigned 50 obsenations for the value 'A'. 25 

obsen-ations for value 'B'. and 25 observations for value 'C'. 



Another rxarnple would be if Soi1 polygon 10 184 is comprised of 4 components: 

Component 1 covers 41% of' the polygon area and has a value of 'A' for vegetation. 

Component 2 covers 17% of the polygon area. and has a value of 'A' for vegetation. 

Component 3 covers 21°/o of the polygon area. and has a value of 'A' for vegetation. 

Component 4 covers 1 1% of the polygon area and has a value of 'A' for vegetation. 

.A wtlûnd in this soil polygon is assigned 100 observations for the value 'A'. 

Ecologicai Land Classification 

Eçological land classification descriptions for PLOTS in Nova Scotia were assigned by 

plotting the location of PLOTS ont0 a 1 : 640.000 scalr map of the Natural History Thrmr: 

Regions of Nova Scotia (Davis and Brotvne l996a). This rnap is not available in digital 

timnat. 

LVrtlands in New Brunswick were assignrd to ecological land classification units bascd 

on informarion associated with a provincial soil polygons ( Ecosystem-Classi fication- 

LVorking-Group 1996). Data from the provincial ecological land classification system for 

k i v  Brunswick were difierent from those ter Nova Scotia. Information on New 

Brunswick Ecological Land Classification Units were summmised by PLOTS and 

PQC'.-IDs. 

k t l a n d s  in New Brunswick and Nova Scotia were assigned to National Ecologicai 

Framework Ecoregions and Ecodistricts based on information associated with SLC 

polygons ( Ecological-Stratification- Working-Group 1993). 



Land Cover and Surface Form Attributes 

The numbrr of buildings located within PLOTs and PQUADs was detemined using the 

most recent 1 : 50.000 NTS printed rnap availabie. In urban areas. where individual 

buildings were not identified on the map. this information was obtained from the local 

çommunity deyelopment office. The total length of roads in s w e y  plots was o btained 

using a rnap mrasuring wheel and 1 : 50.000 NTS maps. Cart tracks. which are 

reprçsentrd as black dashed lines. were not included in the total length of roads. This 

rnt.asurt.mrnt is considered an index to road abundance as new forestry roads are 

çonstantly being built. some roads are allorved to rrven to bush. and sorne brcome 

impassable due to bridge wash outs. Data on surrounding land cover and surface form 

w r c  obtained from the SLC polygons and summary statistics generated for PLOTs and 

PQI.'.ADs ( Tabie 2.1 ). 

SLC poiygons contained categorical descriptors of dope gradient and topography. 

Summary statistics were calculated for each PLOT and PQUAD (Table 1.2). 

Topopphical information for sun-ey plots was obtained using the GTOPO digital 

elevat ion mode1 ( DEM) created by the United States Geolo_eical Service. which \vas 

downloaded from their web site (http:/ledcdaac . u s g s . g o v / g t o p o S O / g t o p o ~ I .  This 

DEM has an average distance of 700 m in the longitude direction and 950 m in the 

latitude direction benveen points. This grid spacing resulted in roughly 160 points per 

PLOT and 40 per PQUAD. An overlay of the point elevations onto the s w e y  plots wcis 

then conductçd (SPANS 1999). Surnmary statistics (mean. median. minimum. 

maximum. and standard deviation) of point data for each PLOT and PQUAD were thrn 

calculated (Tabie 2.2: PROC MEAVS. SAS 1988). 

N B  Polygons were previously assigned mean elevations based on elevations for the 

poly gon from topographie base maps (Toner 1 998). Sumrnary statistics (mean. 



minimum. median) were then calculated based on the NB polygon assigned to the 

ivetlands within the PLOT and PQUADs (Table 2.2). 

NB Pol~gons contained information on dope ciasses where: Slope Class O < 0.5% 

eradient: Slope Class 1 = 0.5-1 3% gradient: Slope Class 2 = 1.5-2.5% gradient: Slops 
b 

Class 3 = 2.5-5.0% gradient: Slope Class 4 = 5.0-9.0% gradient: Slope Class 5 = 9.0- 

1 i . O O , O  gradient: Slope Class 6 = 1 j . G O . O %  gradient: and Slope Class 7 > 30.0% 

crndicnt (Table 2.2). The number of slope classes present in a NB soil polygon was used 
& 

to create summary statistics. Each individual wetland was assigned to a NB Polygon. and 

thcrefore data were generated at the wetland level and s u r n m q  statistics calculated for 

sach sunxy plot (PROC MEANS: SAS 1988). For example. XSLOPV is the mean for 

the suney plot of the number of slope classes present in the soil polpgon that the wetiand 

is in (Table 2 .2 ) .  

The niodal dope category present in each soi1 poiyçon was also usrd to create summary 

statistics. Slope Classes were converted to percentage slope: O = 0.5 %: 1 = 1 .O%. 2 = 

' 0 O . o  ; = . . 3.7594. 4 = 7.0%. 5 = 17.0%. 6 = 22.5%. 7 = 30.0%. Data were generated ai 

the wetland level and summan; statistics calculated for each plot (PROC MEANS: SAS 

1988 ). For esample. ?(SM is the mean for the plot of the modal slope category t'or the 

soi1 polygon that the wetland is in (Table 2.2). 

Soil Acidity 

SLC polygons provided information on the calcareous class of parent material. with 

CALCO to CALC3 representing increasing calcareousness of the soi1 (Table 2.3). NB 

pol ygons provided a measure of the acidity of the soil. Polygons were assigned a pH 

category based on the Forest Soil Unit that they were in (Colpins et ul. 1995: Toner 

1998). NBPHCI is the category with highest buffering whereas NBPHCJ is the most 

acidic (Table 3.3). 



Soil acidity for Nova Scotia wetlands were derived by doing an overlay of the WI ont0 a 

digital map of the surficial geology of Nova Scotia (Stea et al. 1997). These maps are 

also available online ~http:/iw~tw.gov.ns.ca/natr/meb/pubs3 .htm#maps). Surficial 

neology categories 'A' through 'Pl were assigned acid buffering capacity r a d s  as follows: 
b 

.1=1: B = 2 :  C = j :  D = j :  E = j :  F=4:  G=3-  -. H=2; I = z ;  J = 2 :  K = Z : L = 1 :  

hl = 4: N = 2: O = 7: P = WATER. The acid buffering capacity ranks are: I = very 

lori: 2 = lou.: 3 = moderate: 1 = high: and 5 = very high. The assignmrnt of acid 

buffering capacity &as according to a scheme devised by Nova Scotia Depanment of 

Natural Rssourcrs staff(T. Horsman. R. Milton pers. corn). The percrntage of wetlands 

within the sumèy plot in each buffering capacity category is described by the variables 

NSPHC 1 to NSPHCS (Table 2.3). 

.-\ common soil acidity classification scheme for New Brunswick and Nova Scotia was 

derived by conwrting the NB soil pH categories into NS buffering capacity categorics as 

h l l o ~ s :  NB1 = NSS: NB7 = NS-l: NB3 = NS3: and NB4 = NSI. A N B  equivalrnt 

\vas not nssignrd to the extrrmely low buffering capacity NS I category. The percentage 

of wrtlands within the plot in each buffenng capacity categoq was calculatrd (BVLO to 

BVt(1. Table 2.3). The 5 cateponcal variables describing soi1 pH were reducrd to a 

single quantitative variable estimating soil pH using the formula: 

Soil Development, Drainage, Mode of Deposition, and Type 

Catrgorical descriptors of surface material. rooting depth. and coarse fragment content 

w r c  obtainrd from SLC polygons and summarised for PLOTs and PQUNls (Table 1.4). 

Coarsr fragments were soil particles between 0.2 to 60 cm in size. Soil drainage 

drscriptors were obtained tiom SLC Polygons and NB Polygons and summarised for 

PLOTs and PQUADs (Table 2.4). CanSIS categorical variables describing the parental 

mode of deposition of soils were summarised for PLOTS and PQUADs (Table 2.5). 



CanSIS categorical variables describing soil types were surnrnarised for PLOTS and 

PQUADs (Table 2.5). 

Stream Length 

Stream density (STREAM. Table 1.6) in most Nova Scotia s w e y  plots \.as obtained 

from 1 : 50.000 NTS digital topographical maps. A line (watercourse Iayer frorn digital 

STS) ont0 area (survey plots) overlay was conducted (SPANS 1999). Watercourses 

grrater than 25 m wide are represented by polygons. rather than lines. in the hydrology 

Iaycr of the digital rnap. The length of thrse polygons therefore had to be measured on 

sçreen using the cursor. Digital maps were not available For somr survey plots in Nova 

Sçotia (PLOTs 19. 36. 38 and 39). Total stream length in these PLOTs was obtained 

using printed versions of the 1 : 50.000 NTS maps and a map measuring wheel. There 

u-as close agreement between total stream length obtained using pnnted NTS maps 

comparçd to total stream length obtained using digital rnaps for five sume) plots that 

w r e  done using both methods (unpubl. data). Stream length was determined fiom hard 

copy maps tOr Nova Scotia survey plots that were sweyed between 1 986- 1989. 

Digital NTS maps were not available for New Brunswick. Stream density in New 

Brunswick sune) plots i-as therefore estimated based on values assigned to the NB soil 

pal?-gon that the wetland was in (Toner 1998). Stream in NB Polygons were classified 

as beiny permanent or intermittent. uith total stream length being the combination of the 

t\\-o catrgorirs. Stream density was calcuiated as the total length of permanent srreams 

i metres ) divided by soi1 polygon area (metres') * 1000. Each individual wetland was 

assignrd to a NB Polygon. and therefore data were generated at the wetland level and 

surnmary statistics calculated for each plot (PROC iMEANS: SAS 1988). For exarnplr. 

NISTOT is the mean for plot of the total length of intermittent streams present in the soil 

polygon that the wetland is in (Table 2.6). Stream length. Stream density and other 

variables were surnmarised for PLOTs and PQUADs (Table 2.6). 



Lake Area 

Depending on their size. depth and amount of emergent vegetation. lakes m q  not be 

included in the Maritime Wetland Inventory ( WI). A11 lakes in survey plots were 

idrntitied on printed 1 : 50 000 NTS maps. The area of the lake was detemined using a 

PLXCOM digital planimeter. The lake was measured three times and if al1 values were 

the samr. this value was used. Occasionally these values were not the same. and in these 

cases. one or two additional rneasurernents were taken. and the modal value \vas 

considercd correct. Bays in lakes were measured as separaie components to irnprove 

accuracy. Grid lines ( I km') on the NTS maps allowed for a rough visual verification of 

nieasurcmsnts. The number and total area of lakes were summarised for PLOTS and 

PQLADs (Table 2.6). 

Total Number, Total Area and Types of Wetlands 

The number. area and type of wetlands were sumrnarised by PLOT and PQUAD (Table 

2.71 basrd on data from the Maritime Wetland Inventory ( WI). The WI describes 

u etlands according to eight classes and 3.1 sub-classes (Appendix 4). 

Vegetative Interspersion and Cover Type 

The \h*I describes the vegetative interspersion of each werland as low. medium or high 

(Table 2.8). The emergent cover is described according to eight categorical variables 

i Table 2.9). Categorical cover types were used to calculate a cover type score from 

n-hic h sumrnary statistics rvere calculated. 

Wetland Location in Watershed and Adjacent Habitat 

The location of the wetland in relation to other wetlands and waterbodies is described in 

the WI according to juxtaposition and site type (Table 2.9). Wetlands are assigned one of 

eight justaposition classes (JP Class 1 - P Class 8). These categorical variables were 



thrn used to calculate a ju~taposition score (JP Score) that ranged from 2.0 - 8.0. 

Sumrnary statistics for juxtaposition scores were then calculated for PLOTs and 

PQUADs. Wetlands were also assigned to one of eight site types (SITE1 - SITEB). The 

WI also describes for each wetland the amount of adjacent habitat that is forested 

compared to open/agricultural. Summary statistics for these variables were calculated for 

PLOTs and PQljADs (Table 2.10). 

Coastal Features 

Data on çoastal features were obtained for WI maps for plots that were located aiong the 

cuast or located within 10 km of the Coast. Coastal data were obtained for that coastal 

unit or a 10 km section of coastline. The hl identifies coastai tèatures such as islands. 

marine habitats. estuarine habitats. saline ponds. and salt rnarshrs (Table 2.10). 

Canada Land Inventory Scores 

.-1 numerical Canada Land Inventory (CLI) score for cach wetland ivas calculated basrd 

on the Canada Land Inventory suitability of habitat for watrrfowl production class that 

the LVI assigned rach wetland (Table 1.10). Summarp statistics were calculated for 

PLOTs and PQLADs. 

Golet Wetland Evaluation System 

The wtland cvaluation system for New Brunswick and Nova Scotia (Table 2.1 1 )  is 

based on the Golet Scoring System (Golet 1978: Golet and Larson 1974). and consists of 

ten criteria and a relatively simple rating system (Hanson and Calkins 1996). Each 

criterion has specifications descnbing three or more possible categories into which a 

g i w n  wetland might be placed. Specifications werr assigned r d s .  ranging from one 

< lotvcst value) to three (highest value). A wetland receives a r a d  for each of the 

criterion. If. for any criterion. more than one specification could be applicable. the ranks 

for those spccifications were averaged. Since some critenon are more important than 



others. each was given a fixed numerical value called a significance coefficient (Golet 

1978: Colet and Lûrson 1974). ranging from 1 (least important criterion) to 5 (most 

important criterion). .4 sub-score is calculated for each criterion by multiplying the 

significance coefficient for that cntenon by the r d  given. Scores for al1 criteria are 

summed and a total Golet Score is obtained. This final score represents the wetland's 

relative wildlik value. The lowest possible total score is 56 and the highest is 108. 

For soiiic criterion. there are five categories of specifications and five corresponding 

ranks (3  .O. 2.6. 2.0. 1 3. and 1 .O). Other crireria had only three categories of 

speçificritions and ranks (3.0.1.0. and 1 .O). because the relationships or measuremrnt 

ability \vas thought to be less refincd (Golet 1978). X brief description of each criterion 

is found in Appendix B. 

Summan- statistics based on the Golet Scores of wetlands in PQUADs and PLOTs were 

calcu1ritt.d (Table 2.10). 

Climats data were obtained from Environment Canada weather stations closest to the 

sune). plots. I f  there \vas no weathrr station in the immediate vicinity of the sunxy plot. 

then data from the two nearest clirnate stations were averaged. Summxy statistics u-ere 

mostly based on data from 1983- 1994. If the station ceased operation prior to 1994. and 

no other suitable data were available. then summary statistics were calculated on al1 data 

available ( r .g . .  Plot 59 used data from McAdam 19 17-1976). Information on data used in 

the analysis is summarised in Appendix C. Table C. I .  Surnmary statistics wers 

calculated for PLOTs only (Table 2.12). 

Principal Components Analysis 

Principal component analyses (PCA) were conducted to possibly reduce the number of 

variables used in modelling Black Duck distributions (Proc PRMCOMP: SAS 1988). 



Principal components were calculated using the correlation matrix and the eigenvectors 

were standardised. Although a multivariate normal distribution (mnd) is not required for 

PCA. the utiiity of PCA is enhanced if the variables are mnd (Tabachnick and Fidell 

1989 ). Variables expressed as percentages were arcsine transfomed and most other 

m-iablcs log 10 transformed (Table 2.13) prior to PCA (Zar 1984). Variables had high W 

scores after transformation. indicating normal or near normal distributions (PROC 

L3IVARIATE: SAS 1988). To reduce the number of categories. and therefore increase 

the simple size in each category. derived variables were also created for inclusion in the 

PCA (Table 2.13). 

Thc location of the centroid of PQLMDs was converted from latitude and longitude 

i decimal drgrees) to Universal Transverse Mercator (LTTIVI) easting and northing (metres) 

for Zone 20 (SP.WS 1999). UTMs are cartesian coordinates h m  which distances 

brtwern points can be calculated. Lag classes were established at 8.000 m intemals. with 

the maximum distance (range) being l6O.000 m. Lag Class 1. compared al1 pairs of 

ohsenations that were less than 8.000 m apart. and included a comparison among 

PQC.+\Ds within a given PLOT. Lag Class 2 compared al1 observations that were 

betwern 8.000 and 16.000 m apart. in essence it compared PQUADs to PQUADs in a 

contiguous PLOT. Lag Class 3 compared al1 observations that were between 16.000 and 

24.000 r n  apart. rrc. Most lae C classes had hundreds of observations in them. with Lag 

Class 2 having the smallest membenhip (only 34 pairs of observations). It is 

recommrndrd that each lag class be represented bp at Ieast 30-50 pairs of observations. 

rilthough the greater the number of pain of points. the greater the statistical reliabiiity of 

each lag class (Rossi et al. 1992). 

Omnidirectional (Le. isotropic) correlograms were created using GS+ (Robertson 2000). 

&loran's 1 was usrd to measure spatial autocorrelation. with values close to + i  .O 

indicating a smooth surface. with each PQUAD containing values very similar to those in 

nsighbouring PQUADs. and a value of -1 indicating a rough suiràce where neighbouring 



PQUADs have very dissimilar values (Eastman 1999). Moran's 1 values near zero 

indicate no spatial autocorrelation. Variables with highiy skewed distributions were log 

transfonned prior to calculating Moran's 1 (Isaaks and Srivastava 1989). 

RESULTS 

Black Duck Survey Plots 

As shown in Figures 2.1 and Figure 1.2. BDJV survey plots are located throuehout Nova 

Sçotia and New Brunswick in many geographical zones (Bateman and Hicks 1995: Davis 

and Browne 1996b: Ecosystem-Classification-Working-Group 1996: Erskine et rd .  1990). 

Ecological Land Classification 

Thc origins of e~ological land classification in Nova Scotia and New Brunswick can bs 

tracsd to carlier forest chssification schemes (Loucks 1963: Rowe 1972). Nova Scotia 

has an owrall rirra of j-l.9-IO km2 and shoreline length of 7.400 km. and has brrn dividrd 

into n sysrrm of Natural Histoq Theme Regions. Districts. h i t s  and sub-Units (Figure 

2 . 3  Davis and Browne 1996a). BDJV plots occur in many different LTnits. with little 

replication ivithin Units or Districts (Table 2.14). Descriptions of the Regions. Districts. 

Cnits. and sub-l'nits in which the survey plots are located are given in Davis and Brome 

i 1996a) and at http:!lmuseum.gov.ns.cdmnh/nature/nhns/index.htm. 

Ne\v Brunswick contains 71.960 km' and has a shoreline length of approximatsly 3.800 

km. Recrnt efforts at ecological land classification for New Brunswick have creatrd 7 

EcoRey ions and 3 5 EcoDistricts ( Ecosystem-Classification- Working-Group 1 996). The 

location of survey plots in relation to these zones is illustrated in Figure 2.4. The sunrey 

plots are located in many different EcoDistricts with little quantitative data being 

availabls For al1 zones (Table 2.15). 



BDJV suney plots (Table?. 16) were located in 10 different National Ecological 

Framework Regions (Ecological-Stratification- Working-Group 1995). Plots were located 

in 43 different National Ecological Framework Districts. however. summaries bp district 

were not available. Summaries for regions are available at the following web site: 

http:.l!ww l .ec.gc.ca/-ecozones !default.htm. 

The information contained within provincial ecological land classifications are useful 

descriptions of sun-ey plots but are lacking in standard quantitative variables that are 

civailable for both provinces. The National Ecological Framework Regions are too broad 

to provide difkrences in landscape features among survey plots. The lack of replication 

amon- sunacy plots and lack of summ.; descriptions makes the National Ecological 

Frameivork Districts of limited value. compared to other variables. in understanding 

spatial variation arnong sun'ey plots. 

Land Cover 

Land çowr in suney plots was mostlp in the mixed woods category ( Appendis C. Table 

C.1). consistent with descriptions of the Acadian forest (Rowe 1972). Notable exceptions 

are the ngricultural areas within PLOTS 34.41.12.43.44. 50 and 62. Coniferous forest 

is predorninant in PLOT 53 where it probably reflrcts tlat. poorly drained soils dominated 

by Black Spruce (Piceu rncrrianu). Al1 wetlands in PLOT 65 were found on the 

çoniferous forest land cover class. consistent with the Ecodistrict being dominated by 

Biack Spruce. Balsarn Fir (Abirs baisameu). as well as White Pine (Pinus strohlis) and 

Red Pinr (Pinlis rrsinosrr) dong the sandier river banks and ridges (Ecosystern- 

Classiiication- Working-Group 1996). There was linle difirence arnong plots in land 

cover. 

Buildings and Roads 

There \vas considenble variation in the total length of roads per PLOT. ranging from O- 

137 h per 100 h' (Appendix C. Table C.3). There was considerable variation in the 

amount of roads within a given PLOT (Figure 2.5). The importance of roads to the 



forestp. industry results in almost al1 PQUADs having roads present. Spatial 

autocorrelation in the total length of roads was minimal with Moran's 1 = 0.336 for 

among PQUAD comparisons (Lag Class 1 )  and considerably less for more distant 

cornparisons (Table 1.17). 

Thcre was also considerable variation in the total number of buildings per PLOT. with O 

ro 1 -! 1 5 pcr 1 00 km' ( Appendix C. Table C.3). Within most PLOTs. there were similar 

nurnber of buildings among PQUADs (Figure 1.6). Where s w e y  plots bordered 

residcntial arcas there were manp buildings present. There was considerable spatial 

aiitoçorrelation among PQUADs in the number of buildings present with iLloran's I = 

0.539 for Lap Class 1 and 0 . 3 4  and 0.257 for Lag Classes 2 and 3 respectively (Table 

2.17 ). 

Elcvation 

Most wtlands wcre found in SLC dope category 4 - 9% (Appendix C. Table CA). Plots 

in the highest dope category were found in Cape Breton (PLOT 49) and northrrn Xew 

Brunswick (PLOTs 7 1. 71. and 75). PLOTs. located in the Carboniferous Basin. c g . .  42. 

53. 54. 55. 56. and 65 were in the lowest slope category. The surface fomi categories of 

rolling ( SFM) or undulating (SFU) were most common ( Appendix C. Table C.5). The 

domed bog category (SFO4) was uncornmon. found only in PLOTs 53.54.55.66 and 70. 

The Iwel ciitegory ( S FL ) was found in man- PLOTs and was most prevalent in PLOT 6 1 

whiçh has a large area of peatlands. 

Median elwation within PLOTs ranged from O m above sea level (ad) to 175 rn 

i r\pprndis C. Table C.6 j. The standard deviation of eievation of evenly spaced points 

within suri-ey plots gave a direct rneasure of topognphy. PLOTs with high median 

clcvations also had high standard deviation of elevation (Appendix C. Table C.6). 

PQUADs in north-western New Brunswick. Cape Breton. and along the bay of Fundy 

coastline had a lot of variation in elevation (Figure 2.7). There was considerable spatial 

riutoconelrition in median elevation and standard deviation of elevation in PQLJADs 

(Table 2.1 7). 



The geological history of Nova Scotia and New Brunswick rnakes their bedrock litholog 

and soils v e q  complex. The region has been: at the centre of colliding continents 

( Roland 1 982): at the southern edge of glaciation (Pielou 199 1 ): and inundated by 

ancicnt scas (Davis and Browne 1996b). The pH. available nuuients. and erodibility of 

soils ail influence the fertility of wetlands within a watershed. The acid buffering 

capacity of soils has 3 direct impact on nutrient availability due to the leaching of 

nutrients from the upper soil horizons due to the naturally slightly acidic pH of 

precipi tation. 

Somé soils in PLOTs 59.60.68.72. 74 and 75 were classified as being weakly 

calcareous (CALC 1 ). and PLOT 68 contained some soils classified as highly calcareous 

I .-\ppcndis C. Table C.7). Al1 othrr PLOTs had either non-caicareous soils (CALCO) or 

the çoniponrnr contained aater or rock (CALC:). 

There u.as not much variation within survey plots of the buffering capacity ofsoils. Most 

PLOTs had all observations in the soil buffering capacity ver); Iow (SBCVL) and soil 

bufkring capacity low (SBCL) categories. PLOTs such as 34.40. and 41. howewr. had 

alrnost cqual representation in soi1 buffering capacity low (SBCL). and soil buffering 

çapacity high ( SBCH) classes. PLOTs 42.43. and 44. located in the Northumberland 

Plain EcoDistrict (Davis and Browne l996a). had a hi& percentage of wetlands in soil 

buffering capacity high (SBCH) categories. PLOTs 74 and 75 which had some 

obsen+ations described as weakly calcareous (CALC 1 ). also had among the highest 

values for soil pH (SO ILPH). ruid a high number of observations in soil buffering 

catrgory high (SBCH). 

The derived variable which measured soil pH (SOILPH). ranged from 4.12 - 6.50 pH 

units ( Apprndis C. Table C.7). This derived variable allowed for a single quantitative 

description of soil pH to be used. and resolves discrepancies between provincial soil 

buffering cotegories. The spatial distribution of soil pH (SOILPH: Figure 2.8) 



corresponds with descriptions of the bedrock lithology and soils of the ecological land 

classification units that the survey plots are in. as well as with geological maps of New 

Bninswick (Ferguson and Fyffe 1985) and Nova Scotia (Donohoe et al. 1994). There 

\vas- considerable spatial autocorrelation in soil pH (SOILPH) for Lag Classes 1-3 (Table 

The buffering capacity of bedrock and derived soils has been extensively studied in New 

Brunswick ( Hawkins and Spavold-Tims 1984: Spavold-Tims 1986) and in Nova Scotia 

( Howll 1 988: Undenvood and Schwartz 1989). The sedimentary soils of the 

Carbonifrrous Basin are described as being acidic in New Brunswick. whereas they are 

ol'higher pH and fenility in the plots in Nova Scoiia. 

Plots wrre mostly classified as having minera1 soil (MATSO. hppendix C. Tablc C.8). 

Some areas were classi fied as having acidic. hard rock. granite. surface matcrial 

( M.-UR-). consistent with them beiny part of the South Mountain Batholith (PLOTs 16. 

29) and the Granite Barrens EcoDistrict (PLOTs 26.46). PLOTs also contained smali 

rireas of organic soils (MATOR). Spatial autocorrelation for MATOR was high for 

PQC.\Ds within PLOTs and for the first 3 lag classes (Table 2.1 71. 

The unrestricted rooting depth \vas predominantly in the 10-75 cm category (RTDPB. 

.-Ippendis C. Tablc C.8). A shallow rooting depth would be indicative of thin soils 

o\wl!.ing hedrock. or the presence of an orstein layer found in man- areas (Davis and 

Browne 1996a: Ecosystem-Classification- Working-Group 1996). PLOTs in New 

Brunswick had an average of 27% of observations in the > 150 cm unrestricted rooting 

dspth çategory (ROOTD). whereas the average for PLOTs in Nova Scotia was only 7%. 

Soils in New Bninswick PLOTs had higher coarse fiagrnent content compared to the 

Nova Scotia PLOTs ( Appendix C. Table C.9). The average for New Brunswick PLOTs 

in CFRSIGC was 22% whereas it was only 3% for Nova Scotia PLOTs. 



The moist. temperate climate of New Brunswick and Nova Scotia results in the dominant 

soils being podzols (Colpitts er al. 1995: Davis and Browne 1996b: Ecosystem- 

Classification-Working-Group 1996). These soils are characterised by organic matter 

accurnulating on the surface and organic acids leaching nutrïents. iron and aluminum to 

dsrpcr drpths. Most of the PLOTs in New Brunswick and Nova Scotia had soils that 

w r r  in category DW (dominantly Humo-Ferric Podzolic great group) and the closely 

relatrd categoq DV (dominantly Ferro-Hurnic Podzolic great group (Xppendix C. Table 

C. 1 O ). Besides podzols. the other major soil category was DU (dominantly Gleysolic 

order). ivhich is a wet minera1 soil. The more îèrtile soils in Nova Scotia were in 

critegory DI ( dominantly Bmnisolic Gray Luvisolic subgroup with inclusions of its 

glq-cd subgroup). In New Brunswick. the most fertile soils were in the D3 category 

i Podzolic Gray Luvisolic subgroup). in general. the most fertile soils (DI) in Nova Scotia 

sun.c)- plots are somewhat more fertile than the most fertile soils (D3) in New Brunswick 

sunsy plots. However. the D3 soils of New Brunswick are more fertile than the DW 

podzols that prsdominate in Nova Scotia sumey plots. The average for Nova Scotia 

PLOTS \vas 65% in the DW category whereas in New Brunswick. the average was 46O0 

for the DW category and 23% t'or the D3 category. The othrr soils tound in sunxy plots 

rire in the Fibrosis (DX). Mesisol (DY). and Humisol (DZ) great groups. and c m  be 

described as organic soils. with increasing decornposition of the plant materiai 

(.-lnonymous 1976). 

Parental Mode of Soi1 Deposition 

The most commonly observed mode of deposition of soil materials was rnorainal 

( PMDM). which is described ( Anonymous 1976) as sediment that has been transportrd 

brnrath. besids. on. within. or in front of a glacier but not modified by an- intermediate 

agent (Appendix C. Table C. 1 1). Most of New Brunswick and Nova Scotia were 

impacted by at least four ice advances durinp the Wisconsin Glaciai Stage (Pielou 199 1 : 

Roland 1982: Trenhalle 1990). The retreat of the last glacier was approxirnately 10.000 

years ago. and therefore earlier modes of soil deposition wouid have been superseded by 

morainal. ivlany of the PLOTs in Nova Scotia had observations in the orgmic category 



(PMDO) which is described as a layered sequence of three undifferentiated types of 

organic matenal ( Appendix C. Table C. 1 I ). For New Brunswick PLOTs. the organic 

parental mode of deposition was separated into fibric sphagnun (PMD11). mesic sedge 

( PMDî 1 ). mesic woody sedge (PMDX). and mesic sphagnum (PMDX). 

Soi1 Drainage 

Overall. 45% of obsenations were in the well drained category (DRAiNW). 2340 of 

o bsen-ations in the irnperfectly drained category (DRAINI) and 17% in the poorly 

ilroinrd catrgory (DRAINP. Appendix C. Table C.12). Poorlp drained soils were 

common in PLOTs located in the Eastern Lowlands (Rowe 1972). 

Lakcs and Streams 

Total strenrn density varied frorn 0.30  to 2.537 km/km2 per PLOT (iippendis C. Table 

C. 13 1. Strcam drnsity was relatively consistent amonç PQLIADs within a given PLOT 

i Figure 2.9). Spatial autocorrelation in strearn density was rvident among PQCADs 

i\ithin a. yivrn PLOT with Moran's 1 = 0.3966 for the Lag Class 1 (Table 2.18). blorm's 1 

w s  much smaller for subsequent lag classes. 

The number of lakes uried from O to 83 per PLOT. whilr total lake area ranged from O 

to 1 7 - 3 5  km' pcr PLOT ( Appendix C. Table C 13 ). There was a weak negative 

correlation (r' = -0.33) between strearn density and total area of lakes within PLOTs. The 

total numbcr of M e s  were similar for PQUADs within the same PLOT with Moran's 1 = 

0.563 for Lng Class 1 (Figure 7.10. Table 2.18). PQUADs with the highest number of 

lakes were in the glaciated landscape of south-western New Brunswick and the Granite 

Barrens Ecodistrict in Nova Scotia (Davis and Browne 1996a). The total area of lakes 

ws similar for PQUADs within the same PLOT iv-ith Moran's 1 = 0.5 15 for Lag Class 1 

( Figure 2. I 1. Table 2 .  i 8). The PQUADs with the highest total lake area were also in the 

areas of New Brunswick and Nova Scotia that were most influenced by past glacial 

rictivity (Davis and Browne 1996a). Some areas in Nova Scotia. such as PLOTs 29 and 

32 had v e p  few lakes but sUll had large total lake area. There was substantive spatial 



autocorrelation in both the number of lakes and total lake area for lag class distances of 

up to 40 km (Table 2.18). 

Wetlands 

The number of wetlands per PLOT ranged from a low of 3 in PLOT 50 to a maximum of 

187 in PLOT 3 8  (Apprndix C. Table C. 14). The number of wetlands in PQUADs were 

rclatively consistent within PLOTs (Figure 2.  I I )  with there being high spatial 

ciutocorrelation for Lag Classes 1 - 3 (Table 1.18). Survep plots with the highest nurnber 

of wtlands w r e  found dong the eastrm shore of Nova Scotia (PLOTs 76. 3 7 and 3 8). in 

~Inciated south-western New Brunswick (PLOTs 57 and 58). and in the Carboni ferous 
C 

Basin ot'Nex Brunstvick (PLOTs 66. 67, and 68). 

Total wrtlnnd area followed a spatial pattern similar to that observed for total number of 

wtlands ( Figure 2.1 3 ). Spatial ciutocorrelation was observed in Lag Classes 1 - 4 (Table 

1.18 ). Total wrtland area (SSIZE) in PLOTs ranged from 12.4 ha in PLOT 50 to 2 124.8 

ha in PLOT 3 I (Appendis C. Table C.15). Most wetlands were relatively small. with the 

mrdian s i x  (MDSIZE) of wetlands per PLOT ranging from 0.6 to 8.0 ha. The range in 

ma.imum wtland s i x  (MXSIZE) per PLOT was 5 .l to 794.1 ha. 

Bog was the dominant class For 57% of al1 wetlands in PLOTs (Appendix C. Table C. 1.)). 

Bogs were rnost common in PLOTs occumng in the Atlantic Interior Eco-Region in 

Nova Scotia and the Carboniferous Lowlands Region of New Brunswick (Tables 1.14- 

2.1 5. Figure 2.1 4 ). There was considerable spatial autocorrelation in the percrntage of 

wtlands that were b o p  with Moran's 1 values ranging from 0.705 to 0.713 for Lag 

Classes 1 to 6 respectively (Table 2.18). There was less spatial autocorrelation in the 

CanSIS variable describing surface forms that were b o p  (variable SFBOG. Table 7.17). 

The second most prevalent wetland class was shrub swamp. The other comrnon wetland 

classes were: open water. meadow. and deep marsh (Appendix C. Table C. 14). 



IVhereas most wetlands were srnaII. the number of sub-classes within a tvetland was low. 

u-ith the mean number of sub-classes (MNOCL) per PLOT being around 2 ( 1.43-2.67). 

Modal number of sub-classes (MONOCL) per PLOT was 1 or 2 (Appendix C. Table 

C.15). 

The mran score (MCOV) for vegetative cover ranged from 2.67 to 5.61. with the modal 

score (MOCOV) being -1.5 (Appendix C. Table C. 16). The majority of wetlands (69 - 
100% were ciassified as having low vepetative interspersion (INTER 1. Appendix C. 

Table C. 16). Most wetlands had vegetation cover greater than 95% of the area (CTYP 1 ). 

lis opposed to it  occurring in a peripheral band (CTYP6: ..\ppendix C. Table C. 17). 

Thc mran juxtaposition score (MJUXT) of wetlands in PLOTs varied from 2.67 to 5.16 

( Appendis C. Table C. 18). The modal score indicated that wetlands were in different 

justaposition classes. The juxtaposition classes of wetlands (SP 1 J P 7 )  differed arnong 

PLOTs ( Appcndis C. Table C. 18). 

Most wtlands ( Appsndis C. Table C. 19) were classified as being located in the upiands 

 if drainage systems. either isolated (SITE 1 ). streamside (SITE?). or lakeside (SITE3 ). 

Thcre were somç wetlands located bottomland sueamside (SITE6). with very few 

wtlands located bottomland deltaic (SITE7) and bottomland seaside (SITES). 

The habitat adjacent to wetlands was classified predominantly as forest (MFOR). with 

some cipemagriculiural land (MOPEN. Appendix C. Table C. 191. There were no 

wiiands for which the adjacent lands were in the ocean or salt marsh categories. cven 

thouyh some of the PLOTs were located dong the coast. 

Coastal Features 

Most survey plots were located inland and therefore did not have any cnastal features 

associated with them (Appendix C. Table C.20). Al1 coastal PLOTS. wîth the exception 

of PLOT 47. had salt marshes associated with them (SALTNO). PLOT 47 was located 



dong the Bras D'Or Lakes. The masimum area of salt rnarshes (SALTHA) associated 

with PLOTs was 223.9 ha for PLOT 35. Coastal Plots did not have a lot ofsalt water 

ponds associated with them. with 2 being found in PLOT 44 and 4 in PLOT 50. 

CL1 Score 

The mean CL1 score (MCLI) for PLOTs was lo~v. with the modal CL1 score ( MOCLIN) 

bciny zero ( Appendix C. Table C . 2  1). The CL1 was a national prograrn to rate the 

capability of the land to support various uses and natural resources. Almost al1 of 

--\tlanric Canada a-as deemed as non-critical for waterfowl populations on a national 

scalr. The basis for the waterfowl habitat capabilities assigned to the Atlantic Canada 

w r c  the opinions of provincial and federal waterfowl biologists rather than any 

systcmatic r.i.aluation (D. Demis pers. comm.). The CL1 data lacks the accuracy 

nrçrssaq. for modelling waterfowl populations at a regional b e l .  

Golet Score 

Thc median Golet Score (MDSCOR) for wetlands in PLOTs rangrd tiom 47.5 to 59.0 

( Appendis C. Table C.2 1 ). There was considerable variation in median Golst Scores 

rimons PQChDs within the same PLOT (Figure 2-15). Moran's I value for Lag Class 1 

was low compared to Lag Class 1 values previously reponed for other variables (Table 

1 8  1. It should also be noted that Moran's 1 values did not vary greatiy arnong Lag 

Classes 1 - 6 (Table 2.18). 

The maximum Golrt Score (MXSCOR) ranged from 5 1 for PLOT 49 to a maximum 

d u t :  of 94 for PLOT 4 1. Similar to median Golet Score. there was considerable 

\-ariation among PQUADs within the sarne PLOT (Figure 2.16). The spatial 

autocorrelation for maximum Golet Score was low (Table 2.18). The surn of Golet 

Scores (SSCOR) per PLOT ranged From a low of 150 for PLOT 50 to 9.958 for PLOT 

37. The sum of Golet Scores represenü two other previously summarised variables. 

namely. the average Golet Score and the total number of wetlands per s w e y  plot. 



Mran annual precipitation can be used an index to wet weather during the brood rearing 

season as w l l  as an index to the effects of precipitation on releasing organic acids from 

peatlands into receiving waters. leaching soil nutrients from the upper soil horizons. and 

the tlushinç of nutrients from wetlands. The average daily minimum temperature in May 

( TLIINbIAY) could provide an index to cold temperatures that could affect duckling 

sun.ivaI ( Koskimies and Lahti 1964; Mauser er al. 1994: Steen and Gabrielsen 1988). 

The annual mran minimum temperature provides an index to ice-out and how quickly 

nater temperatures would increase. 

There [vas substantial variation in the mran annual total precipitation (PPYR) and mean 

doil! minimum temperatures (TMINYR) among PLOTs ( Appendis C. Tables C.22 & 

3 ), PLOTs with the highest number of days with snow in April (SNOWAPR) and 

\la)- (SNOWXIAY) were not necessarily PLOTs with the coldrst temperatures during 

thosc months. Most of the PLOTs with high snow days in April and May were 

predominantly close to the moisture producing coast. but sufficiently inland. or elevated 

to havc the colder air temperatures required For snow. 

Principal Componcnts Analyses 

Geographical Features 

.A correlation matris from a principal components analysis (PCA) of 13 topopphical 

variables provided a summar); of the relationships among these variables in PLOTs 

(Table 2.19). The derived soil pH (SOILPH) was positively associated with agricultural 

land cowr (VEGA). hilly terrain (HILL) and steeper slopes (SLOPE). SOILPH was 

nrptively associated with organic matter (MATOR). surface form bog (SFBOG) and 

total number of lakes (TOTLU) .  A high coarse fiahment content (CFRAGC) was 

rissociated with good drainage (DGOOD) and higher elevations (ELEVAV). The low 

numbrr of PLOTs which had values for agriculniral land cover (VEGA) limits 



meaningfui interpretation of its correlation to other variables. Well drained soils 

(DGOOD) were associated with hilly terrain (HILL). steeper slopes (SLOPE). and higher 

clrvations ( ELEVAV). Poorly drained soils (DPOOR) were associated with organic 

matter (AIATOR). and surface fom bog (SFBOG). Surface form bog (SFBOG) was 

ncgati \*ely associated with average elevation (EL EV AV). standard deviation of elewtion 

(ELVSTD) and stream density (XSTM). There was a high correlation between the 

çategorical variables describing slope (HILL and SLOPE) and the standard deviation of 

eleution (ELVSTD ). a quantitative variable. There was a nepative relationship brtween 

stream dcnsi ty ( XSTM) and nurnber of lakes in PLOTS. whereas there were positive 

correlations brtwern stream density. mean elevation. and standard deviation of devation. 

Stream occur in hilly terrain. whereas l&es are found in tlat terrain. associated with the 

developrncnt of peatiands. 

The tirst principal component accounted for 37% of the overail variation with PC I -PC3 

accounting for 74%0 of the variation (Table 2.20). PCAs on subsets of variables had PCI 

occounting for more of the ovenll variation. but this increase was not substantive in light 

of the rcduced numbcr of variables (unpubl. data). .An evaluation of eigenvrcrors 

indicated that PC 1 describes well drained soils of higher. hilly elevations with many 

streams versus poorly drained. organic soils in areas ofbogs and lakes (Table 2.2 1 ). 

Climats 

.A P C h  s a s  also performed on climatic data (Table 2.12). The nurnber of days with snow 

in .April ( S N 0  W..\) and May ( S N O W l )  was negatively correlated with various measures 

of minimum temperature. The total arnount of precipitation during May and June (PPMJ) 

\vas weak1)- correiatsd with total annual total precipitation (PPYR). h u a 1  total 

precipitation was more correlated with annual mean minimum temperature (TblNYR: 

~ '=0.58)  than with precipitation in May and June (PPMJ: R'= 0.120). The annual mean 

minimum temperature was highly correlated with mean minimum temperatures during 

April (TMNAPR). May (TMNMAY) and the growing season (LMNGS). 



The first principal component accounted for 34% of the overall variation (Table 2.23). 

.An evaluation of the eigenvecton indicates that PC I describes decreasing snow with 

i ncreasing annual maximum temperature and with increasing annual minimum 

temperature (Table 2.24). PC 1 described the trend for PLOTs away from coastal 

intluences to be colder in the rvinter. warmer in the summer. with less precipitation. PC? 

dcscribss increasing precipitation. with liale relation to temperature or snow. 

.\quatic Habitats 

The number of wetlands per PLOT \vas positively correlated with the percentagr of 

wtlands that w r e  bogs. the total area of wetlands. and the total number and area of lakes 

(Table 2 . 3 ) .  The number of wetlands per PLOT decreascd rvith increasing standard 

deviation of elcvation and increasing strearn density. 

The prrcentayt: of wetlands that were bogs was nrgativelp correlated with the percentage 

o t' wtlands that were shmb swarnp. as well as strearn density. average elevation and 

standard drviation of elevation. These relationships retlrct the fact that s h b  swamps 

arc rnost often associated with streams. Streams were associated rvith higher and more 

incised rlsvations. Open water wetlands were also positively correlated with Stream 

drnsities (Table 2.13). The number and total area of lakes were negatively correlated 

with the standard deviation of elevation. 

The tirst principal component (PRINl) describes a landscape which is flat with few 

streams but many wetlands. lakes and bogs (Table 2.16). PRiNl accounted for 3 1% of 

the uriation. with the second (PRIN?) and third (PRM3) principal components 

accounting for 16% and 13% respectively (Table 2.27). Wetlands in this tlat landscape 

are not hydroiogicaily comected. PRR\I7. in contrast. describes a landscape of higher 

sle\*ations. with more streams. and shmb swamp wetlands that are hydrologically 

çonnccted. P m 3  describes a landscape with increasing number and size of lakes. 

located in higher elevations. Biplots of PC 1 -PC3 scores produced graphs wi th  swarms of 

obsenations rather than PLOTs that were well separated in PC space. 



DISCUSSION 

Ecological land classification provides a usetùl hierarchical approach to describing the 

biophysical features of the landscape. The utility of these classifications is limited by 

them being narrative descriptions of spatially distinct entities. Classifications for New 

Brunswick and Nova Scotia are lacking standard quantitative variables that could be 

incorporntrd into statistical modelling (Davis and Browe 1996a: Ecosystem- 

Classitïcation-Workinp-Group 1996). This problem is cornpounded for analyses that 

estend beyund provincial boundaries. The National Ecological Frarnework providrs a 

systsm that is national in scope. however. the spatial scale of this endeavour was not 

compatible with the spatial level of my analyses. There are no categorÏca1 variables or 

descriptions of any kind available for Ecodistricts which precludes their use in modcl ling 

essrcises ( Ecological-Stratification-Working-Group 1995). 

Provincial and National soil classitication systems provide quantitative variables 

rilthough the). are limited in the types of biophpsical features they describe. The 

uscfulness of Soil Landscape of Canada data in GIS analyses is compromised by the fact 

that soil polygons are heterogeneous units comprised of components that are not 

georeferencrd (blacDonald and Valentine 1992). Qualitative categorical variables 

traditionally used in mapping ( r .g . .  low. medium. and high) are less preferred for 

statistical modelling compared to continuous quantitative variables. This was illustrated 

by problems associated with interpreting qualitative categorical variables describing soil 

buffering capacities of New Brunswick soi1 polygons compared to a diffèrent qualitative 

s>.strrn for Nova Scotia soil polygons. 

Landscape-level topo_eraphical and geological variables. such as land cover classes and 

surface form classes. which potentiallp could reflect differences in habitat quality. 

showrd linle variation among survey plots. The information on surrounding land use 

from the Wetland Inventory also did not show much variation among plots. 



The Wetland Inventory provided data at the smallest spatial scale of al1 the data sets. 

Plots that were on level terrain had a large number of wetlands and lakes. The 

Carboniferous Basin which occupies much of southeastem New Brunswick is an example 

of a of low-lying. flat area that has an extensive development of lakes and b o p .  

Ritlands ~ i t h i n  survey plots were predominantly bogs. Bogs are the most numerous 

dominant class ofwetlands in New Brunswick and Nova Scotia (Hanson and Calkins 

1996). Bogs comprise 33% of the 33.35 1 wetlands in New Brunswick and 65% of the 

33.328 wetlands in Nova Scotia. By land area. bogs comprise 50% of the 306.195 ha of 

wtlands in New Brunstvick, and 7 l?6 of the 233.427 ha of wetlands in Nova Scotia. 

Shrub Sivamps were the second most common type of wetland in survey plots. reflecting 

the t 'm that shrub swamps (primarily streamside alder swales) are the second most 

common form of wetlands in New Brunswick and Nova Scotia. Shmb swamps comprise 

3 1 O and 11 *'O of the wetlands in New Brunswick and Nova Scotia respectively ( 19 O 6  

and 13'6 by area ). 

Llriny of the variables describing rvetland features. such as vegetative interspersion and 

covrr type. did not differ much among sunrey plots. The rvaluation of werlands as 

wildlife habitat in the Maritimes is based on Golet Scores. Wetlands are evaluated in 

trrms of their value as wildlife habitat for a broad spectmm of species (Goiet and Larson 

1974). Golet Scores are based on many wetland feanires and hence are a good sumrnaq 

statistic for these data. The suitability of Golet Scores as a measure of wildlife habitat 

quality has not been thoroughly assessed. Although habitat quality can be measured both 

in trrms of wildlifr production as well as diversity. the two are not always strictlp 

compatible ( Wisheau and Keddy 1996). Whereas each species will have a specific set of 

habitat rrquirernents. ir. niche. no one wetland type wil1 be optimal for al1 species. The 

broadness of the evaluation criteria reflects the emphasis on diversity. Previous work on a 

small spatial scale ( 14 individual wetiands) found no relationship between Goiet Score 

and number of waterfowl broods (Hudgins 1988). 



The relationships arnong variables in the principal components analysis of topographical 

features summarises information among plots as well as geological and ecological 

processes. The fact that soil pH was positively correlated with steeper slopes and higher 

ctlewtion may retlect the presence of d m l i n s  andor the calcareous soils of northwestern 

New Brunswick. The negative correlation between average elevation and surface-form 

bog may rrflect more of a cause and effect relationship. Principal components 1-3 (PC 1 - 
PC3 ) based on 13 variables accounted for a major proportion of the variability in 

topographical data (71%). .A PCA of 17 habitat variables describing small marnrnal 

habitat had PC 1 - PC3 describing only 60% of the overall variation (Knight and Morris 

1996). The PC.4 of wtland related variables produced PC 1 - PC3 mes that accountcd 

tor 70° 'O of the overall variation. 

It should be stated. however. that the utility of PCA may be in çxploring relationships 

among variables rather than as a variable reduction method. The use of principal 

components versus original variables may not provide improved modelling capabilities. 

Variables that may be highly correlated with Black Duck distributions may be a minor 

cornponent on PC 1 - PC3 axes. The use of PC scores also adds another level of 

cornpiexit? to understanding what landscape-level descriptors of habitat are important in 

ssplaining the distribution of Black Ducks. A thorough rvaluation of the relationships 

bctween wrtland inventory data. provincial soil polygons. climatic data. and CanSIS data. 

using PC.-1. t'or wetlands just in suney plots. would br of limited value. 

The spatial autocorrelation observed for CanSIS data is consistent with the large spatial 

scalr of the polygons. The presence of components within CanSIS polygons that are not 

cro-rc ferenced limi ts the analysis of spatial autocorrelation wi th these data. 
C 

Gropphical variables such as elevation and soil pH had considerable spatial 

autocorrelation for Lag Classes 1-3 consistent ~91th the large spatial scales of geological 

phrnomrna. The numberiarea of lakes and tvetlands had spatial autocorrelation for Lag 

Classes 1-3. similar to that observed for other geographical featwes. Total lake area and 

total number of lakes had spatial autocorrelation for Lag Classes 14. The percentage of 

wetlands that were b o p  and median Golet Score exhibited spatial autocorrelation for Lag 



Classes 1-5. consistent with bogs occurring over large areas. wherc suitable conditions 

esist. The importance of spatial autocorrelation among PQUADs for topographical 

variables will bc discussed in Chapter 5 relative to spatial autocorrelation in waterfowl 

densities. To understand the spatial variance of habitat variables previously described in 

this chapter. the observation points would have to occur at a regular interval (Isaaks and 

Srivastava 1989). 

Spatial and statistical analyses of al1 wetlands (CU. 67.000) in Nova Scotia and New 

Brunswick. although outside the scope of this study. could be done with the information 

rissemblrd t'or this study. and provide interesting insights regarding wetlands at a 

landscape-lsvci. This work would filnher our understanding of wetland distribution and 

ccological function in New Brunswick (Toner 1998) and Nova Scotia. 
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Variable 
VEGA 
VEGB 
VEGC 
VEGD 

- -- 

SFBI-I i % of observations in Surface Fomn - Flat Bog 
SFD 1 O/O of observations in Surface Form - Dissected 

Description 
% of observations in cover category: Agriculture 
% of observations in cover category: Bog 
% of observations in cover category: Coniferous Forest , 

% of observations in cover category: Deciduous Forest 

SFBO-I 

- -  
1 

SFH 1 Oio of observations in Surface Fomn - Hummocky 
SFL 1 O h  of observations in Surface Fomn - Lrvel 

VEGG 1 % of observations in cover category: Grassland 
VEGM 1 % of observations in cover category: Mixed Forest 

I 
VEGR 1 % of observations in cover category: Marshiand I 

VEGL 1 % of observations in cover categoq: ünvegetated 
1 

O/O of observations in Surtace Fonn - Domed Bog 

SFbI ( % of observations in Surface Form - Stream Manh 
1 

SFb106 1 % of observations in Surface Forrn - Rolling 
SFR 1 O h  of observations in Surface Fom - Ridged 

SFS I Oie of observations in Surface Form - Steep 
SFSOl 1 

I O/O of observations in Surfhce Form - Stream S w m p  
SFL' 1 % of obsemations in Surface Form - Undulating 

Table 2.1 - Variables describing land cover and surface form in waterfowl sumey plots. 

bascd on Canadian Soi1 information Sun'ey data. 



Variable 1 Descri~tion I 

I 
- -  

I SLOPEA ; ?/O of observations in Slope Category A ( < -1Y0o) 
1 I 

SLOPEB / O/O of observations in Slope Category B ( 4- 9 %) 
1 

I 

SLOPEC 1 O h  of observations in Slope Category C ( 10-1 5 %) l 

t 

SLOPED / % of observations in Slope C a t e g o ~  D ( 16-30 %) 
4 

SLOPEE 1 % of observations in Slope Category E ( 3 1-60 %) l 

SLOPEF of observations in Slope Category F ( > 60 %) 
I 
1 

-- 

ELVAV ! Mean elrwtion for plot (m asl) I 

E L V M D  Median rlevation for plot (rn asl) 
ELVSTD 1 Standard Deviation of elevation for d o t  (m asl) 
ELVWN Minimum rlevation for plot (m ad)  

1 

EL\ 'b IAS Mmimurn elevation for plot (m ad)  

S E L V X  Mean for plot of Mean Elevation (m asl) of NB Polygon 

S1 SELVN Masimum for plot of Mean Elevation of NB Polygon 

MDELVX bledian for plor of the Mean Elevation of NB Polygon 

I 

SSLOPV i Mean for plot of number of slope classes present in NB Polygon 
SIXSLOPV ' Maximum for plot of number of slope classes present in NB Polygon 
MDSLOPV i Median for plot of number of slope classes present in NB Polygon 
410SLOPV ! Mode For plot of the number of dope classes present in NB Polygon 
XSM ! Mran for plot of the mode of slope classes present in NB Polygon 
hlXSM Maximum for plot of the mode of dope classes present in NB Polygon 

MDSM Median for plot of the mode of dope classes present in NB Polygon 
UOSM , Mode for plot of the mode of slope classes present in NB Polygon 

Table 2.1 - Variables descnbing elevation and slope in waterfowl survey plots. 



- - 

Variable 1 Description j 
C;\LCO 1 % of observations in non-calcareous soi1 class (No CaC03 detectable) I 

CALC I / % of observations in weaklv calcareous soi1 clms (1-5 % CaCO3) I 
CALC2 i % of observations in strongly calcareous soi1 class (640% CaCO3) 
CALC; 1 % of in extremely cdcareous soil class (>JO% CaCO3) , 
CALC" non applicable (water. rock. ice) 

I 

, 
l 1 

NRPHC 1 of ~ d k d s  in pH category buffered (NB Data) l 
-- 

NBPHC2 : of wetlands in pH category slightly acidic (NB Data) 
NBPHC3 / Oh of wetlands in pH category acidic (NB Data) 
NBPHC-I ; ?/O of wetlands in pH category most acidic (NB Data) 

YSPHCI , of wetlands in soi1 buffering capacity category very low (NS Data) 
NSPHC3 Oh of uetlands in soi1 buffenng capacity category low (NS Data) 
SSPHC3 ?/o of wetlands in soil butTering capacity category moderate (NS Data) 

-- 

NSPHC-l O/O of wetlands in soil bufferinicapacity category high (NS Data) 
NSPHCZ Oh of wetlands in soi1 buffering capacity category very high (NS Data) 

BVLO 9'0 of wetlands in plot in very low buffering capacity soi1 category 
BLO O b  of wetlands in plot in low buffering capacity soi1 category 
RMED O h  of wetlands in plot in moderate buffering capacity soi1 catcgory 
BHI , "6 of wetlands in plot in high buffering capacity soi1 categov 
BVHI i O/O of wetlands in plot in very high buffering capacity soi1 category 

Table 2.3. - Variables describing soil acidity and soil buffering capacity in survey plots. 



Variable j Description , I 
I 4 

MATOR 1 of observations in surface material category: Organic Soi1 , , 
t 

M A T E  / % of observations in surface material category: Hard rock acidic 
1 

b1ATR-I ? % of observations in surface material category: Hard rock (unspecified) 1 
1 

hl,ATSO 1 O/O of observations in surface materiai catepry: Mineral Soi1 I 
! 

I 
I I 

ROO'P 1 % of observations in Rooting Depth: Non- Applicable (rock or ice). 
RO0T.-1 1 of observations in Rooting Depth Category: < 70 cm. 
ROOTB ' O h  of observations in Rooting Depth Category: 20-73 cm. 
ROOTC l O h  of observations in Rooting Depth Category: 75-1 50 cm. 
ROOTD ! O/O of obsemations in Rooting Depth Category: > 150 cm. I 

CFRAG; O/O of observations in Coarse Fragment Content Category Non-.Applicable 
C F R-\G.-1 O 6  of observations in Coarse Fragment Content Catrgon < 10 O/O. 

CFRAGB , O 4  of observations in Coarse Fragment Content Categop 10-30 %. 

CFRAGC Oh of observations in Coarse Fragment Content Category 3 1- 62 %. i 
C F R G D  ?/O of observations in Coarse Fragment Content Category > 65 O/O. 

* 
I 

D R - 1 I N ~  96 of observations in Drainage Category - Non-Applicable 
DRAINI : O 6  of observations in Drainage Category - lrnperfect 
DR=I\IShi O'O of observations in Drainage Category - Moderate 
DRAIXP 96 of observations in Drainage Category - Poor 
D R 4 I N R  O/O of observations in Drainage Category - Rapid 
DRAINV y0 of observations in Drainage Category - Vrry Poor 
D R A I N X  O h  of observations in Drainage Category - Well Dnined 

DR1 ?/o of observations in Well Drained Category (NB Data) 
DR2  1 Oh of observations in Moderately Weil Dnined Category (XB Data) I 

DR3 % of observations in Moderately Dnined Category (NB Data) 
I 1 

DR4 96 of observations in Irnperfectly Drained Category (NB Data) I I 
t 

DR5 ; O h  of observations in Poorly Drained Category (NB Data) 
l 

DR6 a Oh of observations in Very Poorly Drained Catego.  (NB Data) I 
4 

DR7 ' % of observations in Organic Soils Category (NB Data) 
8 

DR8 i % of observations in Water Category (NB Data) 
i 1 

Table 2.4 - Variables descnbing surface material. rooting depth. coarse fragment content 

and soi1 drainage in survey plots. 



Variable Description 
PMDl1 % of observations in Mode of Deposition - Sphagnum Organic Material ! 

I PMD2 1 % of observations in Mode of Deposition - Mesic Sedge I 
PMD23 i O/O of observations in Mode of Deposition - Mesic Woody Forest l 

PklD25 O'O of observations in Mode of Deposition - Mesic Sphagnum 
I 

! 

PMDA ?/O of observations in Mode of Denoshion - Alluvial 1 

-- - 

PMDC 1 Oh of observations in Mode of Deposition - Colluvial 
PMDF j ?/O of observations in Mode of Deposition - Fluvioglacial 

1 

l 

PklD L */O of observations in Mode of De~osition - Lacustrine I 

PMDM O 6  of observations in Mode of Deposition - Morainal 
- -  - - 

PMDO O'o  of observations in %de o f ~ e ~ o s i t i o n  - Organic 
PMR O'O of observations in Mode of Deposition - Bedrock 

4 

PMU' O 6  of observations in Mode of Deposition - Marine 

~k "6 of observations in Soi1 Development Category Non Applicable. 
I 

DZ O 6  of observations in Soi1 Development Category Podzolic Gray Luvisolic. 
DI O/o  of observations in Soi1 Development Category Sombric. 
- -- 

DI; 91 of obsenaGns insoi1 ~ e 6 l o ~ r n e n t  Category Sornbric-Brunosolic. 
DP O 6  of obsen;ations in Soi1 Development Category Dystric-Brunosolic. 

DQ of observations in Soi1 Development Category Humic-Podzolic. 
DR % of observations in Soi1 Development Category Regosolic. 
DL */O of observations in Soi1 Development Category Gleysolic. 
DV ?'o of observations in Soi1 Development Category Ferro-Humic Podzolic. 
D K  O/O of observations in Soi1 Development Category Humo-Femc Podzolic. 

- - - . - - - - - 
DS O 6  of observations in Soi1 Development Category Fibrosoi. I 

* 

DY O/O of observations in Soi1 Development Category Mesisol. , 

DZ O h  of observations in Soi1 Development Category Hurnisol. 

Table 2.5 - Variables describine parental mode of soil deposition and soil development in 

survey plots. 



l Variable Description ; 
STREAM Total stream density (kmlkm') in survey plot I 

1 1 

XISTOT i Mean for plot of total length (m) of intermittent streams in NB Polygons 
b 

MXISTOT Maximum for plot of total length (m) of intermittent streams in Polygons 
MDISTOT j e d i a n  for plot of total lenzh (rn)of intermittent streams in NB Polygons 
SPSTOT 1 Mean For plot of total length (m) of permanent streams in NB Polygons 

l 

'r lNPSTOT ! Maximum for plot of total length(m) of permanent streams in NB Polygons 
41DPSTOT Median for plot of total length (m) of permanent streams in NB Polygons 

. - 

NISD Mean for plot of intermittent strearn densitp in NB Polygons 
MXISD 1 'vla~imum for plot of intermittent strearn density in NB Polygons 
MDISD ' Median for plot of intermittent strearn density in NB Polygons 
XPSD Mean for plot of permanent Stream density in NB Polygons 

I 

MSPSD blaxirnum for plot of permanent stream density in NB Polpgons 
MDPSD Mrdian for plot of permanent stream density in NB Polygons 
XSTM blean for plot of total strearn density in NB Polygons 

- - 
'L1SSTM bla..irnurn for plot of total sueamdensi. in NB Polygons 
JIDSTbI Median for plot of total stream density in NB Polygons 

TOTLAK Total nuiber z ~ a k e s  in survey plot 
h1SIZEL : Mean Size of Lakrs t h ' )  in survey plot 
SSIZEL Total Area of Lakes (km') in survev plot 

Table 1.6 - Variables descibing stream length and number and area of Ides in suney  

plots. 



Variable ' Description 1 
'j 

I 1 Number of wetlands I 

blSIZEI ( Mean Size of Wetlands 1 
SSIZE3 Total Area of Wetlands I I 

41XS IZE2 Mauimum Size of Wetlands 1 

MDSIZEZ ! Median Size of Wetlands 
-- 

1 

0%' ' Number of Wetlands with Dominant Class = Open Water 

DM 'iumber of Wetlands with Dominant Class = Deep Marsh 
-- y -- - - - - 

S .Cl Number of Wetlands with Dominant Class = Shallow Marsh 

SFF 1 
I Number of Wetlands with Dominant Class = Seasonally Flooded Flats -- -- -- -- - -- 

.LI i Numbtx of Wetlands with Dominant Class = Meadow 

SS Number of Wetlands with Dominant Class = Shmb Swarnp 

WS Number of Wetlands with Dominant Class = Wooded Swarnp 

B Number of Wetlands with Dominant Class = Boy 

POW Percentage of Wetlands with Dominant Class = Open Water 
-- 

PD M Percentage of Wrtlands with Dominant Class = Decp blarsh 

PS b1 ' Percentaee of Wetlands with Dominant Class = Shallow Marsh 
- - -  - -- - -- - - - - 

PSFF Percentage of Wetlands with Dominant Class = Seasonallv Flooded Flats 

P hl ; Percentage of Wetlands with Dominant Class = Meadow 

PSS Percentage of Wetlands with Dominant Class = Shmb Suamp 

P WS Percentage of Wetlands with Dominant Class = Wooded Swamp 

PB Percentage of Wetlands with Dominant Class = Bog 
- - 

.Cl.('OCL I Mean Number of Wetland sub-Classes 

MONOCL Modal Number of sub-Classes 
-- -- - - 

MDNOCL Median Number of sub-Classes 

Table 2.7 - Variables describing the number and type of wetlands in survey plots. 



Variable 1 Description 
1 

I 
1 

ENTER1 1 % of WetIands with Low Vegetative Interspenion l I 

INTER2 
1 1 % of Wetlands with Medium Vegetative Interspersion 1 

INTER3 i % of Wetlands with High Vegetative Interspersion l 

bICOV / Mean Cover Type Score 

MDCOV 1 Median Cover Type Score 

b1OCOV : Modal Cover Type Score 
! Vegetative cover occupies > 95% of wetland 
I 

C o x r  Type 1 1 COV = 1.5 
1 Vegetative cover occupies 76-95% of wetland in peripheral band 

Cowr Type 2 COV = 1 
/ Cover occupies 76-95% of wetland in dense patchcs or diffuse stands 

Cowr Type 3 1 COV = 6.0 
Vegetative cover occupies 76-73% of wetland in peripheral band. 

. 
Co\ sr Type 4 ' COV = 7.5 

' Cover occupies 16-75% of wetland in dense patches or diffuse stands. 
Cover Type 5 COV = 9.0 

' Vrpetative cover occupies 5 - 25% of wetland in peripheral band. 
Cowr  Type 6 COV = 4.5 

Cover occupies 5-25 % of wetland in dense patchcs or diffuse stands. 
Cover Type 7 , COV = 6.0 
- --- -- - -- -- - . 

Cover Type 8 Vegetative cover occupies < 5% of wetland. COV = 3.0 
i 

CTYPE 1 : % of wetIands in Cover Type 1 

C'TYPE3 ; % of wetlands in Cover Type 2 

C'TYPE3 , Oh of wetlands in Cover Type 3 

CTYPE-I 1 % of wetlands in Cover Type 4 

CTYPES ! O h  of wetlands in Cover Type 5 

C'TYPE6 % of wetlands in Cover Type 6 

CTYPE7 1 Oio of wetlands in Cover Type 7 , 
1 

CTYPE8 / % of ~vetlands in Cover Type 8 
i 

Table 2.8 - Variables describing vegetative interspersion and emergent cover type of 

wetlands in survey plots. 



variable 1 1 

Description 1 
Hydrologically connected to other wetlands (different dominant class) or ! 

JP Class 1 / open water body within 1.6 km. JUXT = 6.0 
i Hydrologically connected to other wetlands (same dominant class) within 
I 

JP Class 2 ; 0.4 km. JUXT = 6.0 1 
Wetland greater than 102 ha with greater than 3 or more wetland classes. 1 

J P C l a s s 3  : J U X T = 6 . 0  I , 

' Hydrologically connected to other wetlands (different dominant class) or I 
JP Class 1 j open water bodies from 1.6 - 5 km away. JUXT = 4.0 

i Hydrologically connected to other wetlands (sarne dominant class) from 
' 

J P  Class 5 0.4 -0.8 km away. JUXT = 1.0 
Within 0.8 km of other wetlands (different dominant class) or open wûter * 

JP Class 6 bodies but not hydrologically connected. JUXT = 10 
No hydrologically comecled wetland (same dominant class) within 1.6 
km. or no other isolated wetlands (different dominant class) or open Later 

JP Class 7 bodv within 0.8 km. JUXT = 2.0 

JP1  % of Wetlands with JP Ciass 1 
- --  

JP2 %O of Wetlands with JP Class 2 

JP3 96 of Wetlands tvith JP Class 3 

JP5 9 4  of Wetlands with JP Class 5 

JP6 Oh of Wetlands with JP Class 6 

JP7 i ?b of Wetlands with JP Class 7 

MJUXT Mean JP Score 
- - 

>IDJI:XT , Median JP Score 
I 

>IOJU!'XT I Modal JP Score 
- p- - 

SITE 1 of Wetlands that are located: Upland Isolated 

SITE3 % of Wrtlands that are located: Upland Streamside 

SITE3 %O of Wetiands that are located: b l a n d  Laiceside 
-- 

SKE1 % of Wetlands that are located: Bottomland lsolated 
9 

SITES 96 of Wetlands that are located: Bottomland Lakeside 1 

-- 

SITE6 % of Wetlands that are Iocated: Bottomland Streamside l 

SITE7 O/O of Wetlands that are Iocated: Bottomland Deltaic 

SITE8 : % of Wetlands that are located: Bottomland Seaside 
l I 

Table 2.9 - Variables that describe jllvtaposition and watershed location of wetlands in 

sun-ry plots. 



Variable 1 Description 1 
MFOR 

I 1 Mean Percentage of Adjacent Habitat that is Forest 1 

MXFOR 1 Mau Percentage of Adjacent Habitat that is Forest I 

MDFOR 1 Median Percentage of Adjacent Habitat that is Forest 

MOPEN / Mean Percentage of Adjacent Habitat that is Open/Agricultural ! 
MXOPEN 1 Mean Percentage of -4djacent Habitat that is OpedAgncultural l 

1 
.\/IDOPEX 1 Median Percentage of Adjacent Habitat that is Open/Agricultural 

- -  - - - 

CQ.4ST.AL : Total nurnber of Coastal Habitat features 

ESTC'AR 1 Number of Estuarine Coastal Habitat Features 
-- - - - - 

.CI6--RINE ; Nurnber of Marine Coastal Habitat Features 

1SL.-\ND 1 Nurnber of Islands 
- -- 

I 

S.-4,LTNO 1 Number of Salt Marshes 

SALTHA Total Area of Salt Marshes 
-- -- -- - 

PONDS i Total number of ponds 

POXDSHA ( Total area of ponds 

MCLIN i Mean Score for CL1 Ciass 

MDCLIN 1 Median CL1 Score 
I 

MOCLIN 1 Modal CL1 Score 

CL1 Class 1 / No lirnits to production CLIN = 100 

CL1 Clriss 2 1 Very slight limitations CLIN = 80 

c'LI Class 3 i Slight limitlt' L. I O ~ S  CLIN = 70 

CL1 Class 4 / Moderate limitations CLIN = 50 l 

CL1 Class 5 1 Moderatelp severe limitations CLIN = 30 
, 

CL1 Class 6 1 Severe limitations CLIN = 20 

CL1 Class 7 i Almost no production CLIN = O 

MSCOR 1 Mean Golet Score 
-- - -- - 

MXSCOR 1 Maximum Golet Score 

SSCOR 1 Sum of Golet Scores 

Table 2.10 - Variables that describe adjacent habitat. coastal features. CL1 scores. and 

Golet Scores of wetlands in survey plots 





i variable 
1 

Description 1 
TMINYR 1 . h u a 1  rnean minimum temperature 1 

TMINGS 1 Mean minimum temperature (May. June. July and August) 

ThlAXYR / Annual mean maximum temperature 
TItI.A,YGS 1 Mean maximum temperature (Map. June. July and August) 
Th1.-\S.APR 1 Mean maximum tempenture A p d  

TMINAPR 1 Mean minimum temperature April. 
4 

- - 

I 
S'iOCVYR / Annual mean nurnber of davs with snow , 

TblIXibt A Y  

SNOCi'APR 1 Mean number of days with snow in A p d  

Mean minimum temperature May ~ l 
I 

- - 

SNOWhIt\ k' 1 Mean number of days with snow in May 
l 

SNOW.-\hl / Mean number of daps with snow in A p d  and May 

- - 

PPblAk' 1 Mean total precipitation in May 

PPJLYE / Mean total precipitation in June 
PPMY ( Mean total precipitation in May and lune 
PPGS 1 Mean total precipitation in May. June. July and August 
P P ï R  1 AMual mean precipitation 

Table 2.12 - Variables Jescribing climatic conditions in s w e y  plots 



i Variable Description , 

LN 1 Log transformed (total nurnber of wetlands) I 
I 

.A £3 / arcsine square root transformed ( % of wetlands that are bogs) 
I 
1 
1 

A O LV i arcsine square root transfomed ( % of wetlands that are open water) 

. U S  ' arcsine square root transformed ( % of wetlands that are shmb-swamp) 1 
I 

LklCLIN Log transformed (mean CLI score) 

LlClNOCL Lorr transformed (mean nurnber of wetland sub-classes) 

LlCICOV 1 Log vansformed (mean vegetative cover score) 

L ~ I J L ' X T  : Log transformed (mean juxtaposition score) 

LMSIZE 1 Log transformed (mean wetland size) 
-- - - -- - - - -. . 

LblLIi Log transformed (mean lake size) 

LT0TL.-IL , Log transformed (total number of M e s )  

LSSIZEL I Log transtormed (total Iake area) 
-- 

LXSTLI ' Log transformed (mean stream density) 

LELV.-IV 1 Log transformed (mean elevation) I 

1 

LELVSTD I , Log transformed (standard deviation of elevation) . 
I 

DPOOR 1 DILAINV - DRAMP 

DGOOD 1 DRAINW + DRAINR 

SFBOG SFB04 - SFB1-F - SFFl3 

SFHILL ' SFD + SFR + SFS 

SLOPE 1 SLOPED + SLOPEE + SLOPEF 

Table 2.13 - Drrived and transformed variables for use in principal components analysis 

of sn\ironmental descriptors of survey plots. 



Plot / I.D. 1 Region 
.4tlantic Interior 
Atlantic Interior 

Atlantic Coast 
Atlantic Interior 
Atlantic Interior 
Atlanric Interior 
Atlantic Interior 
Atlantic Interior 
Atlantic Interior 

Atlantic Coast 
Atlantic Interior 
Atlantic Interior 
Atlantic Interior 

Fundy Coast 
Triassic Lowlands 

Carboniferous Lowlands 
Carboniferous Lowlands 

Atlantic Interior 
Atlantic Interior 
Atlantic Interior 
Atlantic interior 

Carboniferous Lowlands 
Carboniferous Lowlands 
Carboniferous Lowlands 

Avalon UpIands 
Carboniferous Lowlands 
Carboni ferous Lowlands 
Carbonitèrous Lowlands 
Carboniferous Lowlands 

Avalon Uplandr 
Carboniferous Low iands 
Carboniferous Lowlands 
Carboniferous Low landc 

Atlantic Coasi 
Avalon Upland$ 

Carboniferous Low [an& 
Carbon i ferous Low land2 

Atlantic Coasi 
Plateau Taigz 

Highland? 
Carboniferous Lowland: 
Carboniferous Lowland' 

District 
Quartzite Plains 

Granite 
Granite Barrens 

Bays 
Granite 

Dmrnlins 
Quartzite Plains 

Granite 
Quamite Plains 

Beaches and Islands 
Granite 
Granite 

Slopes and Ridges 
Basalt Ridge 

Valle) 
Till Plain 

Clay Plain 
Slopes and Ridgez 

Quartzite Plain$ 
Quartzite Plains 
Quartzite Plaini 
Rolling Upianc 
Rolling Uplanc 

Hills and Valley: 
Hardwood Plateal: 

Coastal Plair 
Coastal Flair 

HiIls and Valley 
Coastal Plair 

Hardwood Plateai. 
Hills and Valley: 

Rolling Uplanc 
Hills and Valley! 

Gnnite Banen! 
Fault Ridge! 

Till Plair 
Stony & Wet Plair 

Till Plair 

Plateau - Fir Fores 
Coastal Plair 

HilIs and Vallevi 

Unit I Sub-Unit 
Quartzite Barrens 

Granite Ridge 
Pennant Barrens 

Mahone Bay 
Granite Uplands 

Kejimikujik Dmrnlins 
Mersey Meadows} 

ihelbume Granite Plain 
Mersey Meadow 

Tusket Islands 
Granite Uplands 
Granite Uplandsl 

South Mountain slope/ 
! 
I 
I 

South Mountain 

Rocky Lake 

Lake Rossignal~ 

South Mountainl 
South ~ o u n t a i n !  

Bear River; 

Windsor ~owlandsl Shubenacadie Riveri 
Comagun River 

Slate Ridges, 
Quartzite Barrensl 
Quartzite ~arrensl 
Quartzite Barrensi 

St. Mary's Fault ~ l o c k !  
St. Mary's Fault Slocki 

Cumberland ~ i i l s i  
Cobequid Hills 

Northumberland Plain 
Northumberland Plain 

Pictou ValIeys 
Northumberland Plain 

Pictou-Antigonish 
Highlands 

Antigonish Uplands 
Mulgrave Block 

Antigonish Uplands 
Canso Barrens 
East Bay Hills 

Salmon River Lowtand 
Sydney Coal ~ i e l d /  

1 

The Highlands 
Judique C. Lowland ! 

Ainslie ~ o ~ a n d s /  

Rawdon Hillsl 
Halifin~ 

Guysboroughl 
Guysborough i 

Nonhurnb. Strait! 
Northumb. Straitl 

Pictou Rivers! 
St. Geor~es  Bay1 

South River1 

South River! 
! 

Table 2.11- Nova Scotia Natural History Theme units for survey plots. See Figure 2.3. 





:gion 1 ~ i s t r i c t  PQUADs 
181 74A 74D 75A 75B 75C 75D 
484 72C 73A 73D 74A 
485 71.4 71X 718 71C 71D 7ZA 72B 72C 7SD 
486 73A 73B 73C 730 748 
487 74D 75A 75B 75C 
488 64A 64B 64C 64D 65A 65B 65C 65D 
189 61.4 61A 618 61C 61D 62C 63A 638 63C 63D 
490 62A 63B 62C 620 
492 63.4 63B 63C 
493 62D 
494 60A 608 60C 6OD 
195 59A 590 59C 59D 
496 51A 51B 51C 51D 52A 52B 52C 52D 
497 59B 
498 5 l A  SIC 
499 57A 57B 57C 57D 58A 58B 58C 58D 
500 68A 68B 70A 70C 70D 
501 69A 698 69C 69D 70B 70C 
502 56A 66B 66B 66C 66D 
503 jZD  53A SjB j3C j 3D  6JA 54B 54C 54D j5A 5SB 55C 55D 66A 668 661 
503 67A 67B 67C 67D 68A 
504 12A 42B 42C 4ZD 43A 43B 43C J3D 
505 SSA 55C j j D  56A 56B 56C 56D 
507 418 11C 51B 
109 34A 34D 
1 10 32.4 32C 32D 3;A 3 3 8  33C 
5 1 1 28A 28B 28C 28D 
5 1 2 280  28C 29A 298 29C 29D 32A 3ZB 
513 33D 34D 
515 30A 306 30C 300 3 l A  31D 
5 16 27.4 27B 27C 27D 3OA 3OB 3 l A  3 l B 3 l C  3 ID 46A 46B 46C 46D 47B 181 
51 7 35A 35B 35C 35D 
5 15 34A 34B 34C 
519 26A 26B 26C 26D 37A 378 37C 37D 38A j8B 38C 38D 
520 26A 26C 36A 36B 36C 36D 
521 49B 49C 49D 
522 SOA 508 50C SOD 
523 48A 48B 48C 48D 47A 47B 47C 486 48C 
534 47A J7C 48D 
525 44A 44B J f C  J4D 15D 
527 43B 14C U D  
528 41A 11B 41C 4 I D  
529 -!SA 45B 4SC 45D 
530 4 l A  J i B  4OD 
53 1 39A 39B 39C 39D 40A JOB 40C 4OD 43C 
532  49A 49B 49C J9D 
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Table 2 . 3  - Eigenvalues and amount of total variation explained by PC 1 -PCj  from a 

l Eigenvalue 

PRlNl  j 5.45406 
I 

*PRIS2 ! 3.84141 

PRIS3 ; 2.6 1185 
l 

P R I N  1 2.24399 
l 

PRIS5 , 0.78586 

PCA o t'climatic variables. 

Table 2.14 - Eigenvecton for PC 1 - PC5 from a PCA of climactic variables. 

I 1 1 
Cumulative 

0.340878 

(1.580967 

0.74427 

0.8845 19 

0.933635 

~i l ferencel  Proportion 

1.6127 

1.2286 

0.3689 

1.4581 

. 

0.34088 

0.24009 

O. 1633 

O. 1 JO25 

0.049 12 



i ~ l = - c 3 ~ ~ 1 7 ~ = e , ~ w , 7 = w a  
c . - . Y - - . = - - P !  . . . . . . , r c , - - -  , . ; L E  L\..A\. : -  ' A *  - - - - - - A  - -  -. " 
, y 7 - - , - - - - - - - - - - =  I I  I I I  

I 

~t W. PI = PI e . c e . 2 7 -  
1 e . c F , T - E ; z g 2 ~ . . l r , ~ y +  . . . . 

LSST31 - - - - - - A - - - - - -  , , , , , , , , - , - - - - = =  
1 * I I I  I l I I  



LTOTL.4 K 0.24 
LSSIZEL 0.33 
LSSTN -0 .3  1 
LELI'.A\' -0. 19 
LELI'STD -0.3(1 

7 3 b k  2.16 - Eigenvectors from PCA of wrtland features for wetlands in suney plots. 

PC.4 Eipenvîlue Difference 1 Proportion Cumulative 

PRIS l 4 98701 / 2.443741 0 . 3  1 17% 0.3 1 i 7261 

PRIS2 l .S4387( 0.39448/ O. 158992 0.470718( 
1 

PRIS3 2.149391 0.86202 0. 1343371 0.605055 

P RI 3 4  1 28737 1 O. 16934 0.080461 ( 0.6855 16, 

P R I S 5  1 .  I 1903 1. 
1 

i 0.069941 O. 755555 

Table 2.27 - Eigenvalues from PCA of wetland features for wetlands in survey plots. 









Figure 2.4 - Approximate location of swey  plots in relation to New Brunswick 
ecological land classification units. Base map courtesy of V. Zelamy, NB-DM&E. 
S w e y  plot numben are indicated on map. 



























CHAPTER 3 - A LANDSCAPE AND REGIONAL EVALUATION OF 

CHEMICAL LIMNOLOGY OF AQUATIC HABITATS IN THE MARiTIMES 

INTRODUCTION 

The primary and secondary productivity and species composition of aquatic habitats are 

intluenced b y available nutrients and other aspects of chemical lirnnology ( Mitsc h and 

Gosselink 1986: Nicholson 1995: Wetzel 1983). The primary objective of this study was 

ro determine the chemical lirnnology of surface waters in waterfowl survey plots located 

throughout New Brunswick and Nova Scotia (Bateman and Hicks 1995) as part of efforts 

to mode1 .\mericm Black Duck (.hm nibripes) distributions. A secondary objective of 

this study was to esamine variation in chemical limnology of surface waters among 

sune). plots and among aquatic habitat types. 

Thc chemical limnology of aquatic habitats is know-n to v q  both spatially (Malmer 

I992: Pienitz er dl. 1997a: Pienitz et al. 1997b). and temporally (Jassby 1998: Stoddard rr 

cil. 1998). Spatial variation in the chemical limnology of lakes and rivers has b e n  

quantifird for the Maritime Provinces (Clair C r  al. 1982: Spavold-Tims 1986: Undenvood 

d r  id. 1986). The primary Focus of these studies has been to document the impacts of acid 

Jeposition on aquatic ecosystems (Gorharn et al. 1998: Howell and El-Shaanwi 199 1 ). 

Othtrr aspects of the chernical biogeochemistry of Mes and rivers. such as nuvient 

d>.narnics. has received little attention in Atlantic Canada. Unlike other regions where 

sutrophication is a concem (Carpenter et al. 1998: Glasgow and Burkholder 1000: 

Manny rr ul. 1994 Marion et al. 1994). oligotrophic conditions prevail throughout much 

of Nova Scotia (Melanson and Payne 1988). 

Most esamination of the chernical limnology of wetlands in northeastem North America 

has bren done on small spatial scales (Hanson et al. 1994: Hanson et al. 1998: Longcore 

et id. 1998: Parker et al. 1992: Seymour et al. 1992: Staicer et al. 1994). ha logous  to 

the situation obsemed for lakes. there can be large scale spatial variation in the chernical 



limnology of wetlands. e.g.. pH values from 3.6 to 5.2 for bogs and 4.0 to 6.0 for poor 

fens (NichoIson 1995). 

.\quatic habitat types (e.g.. bog. fen. rnarsh. river. lake) have been shown to differ in 

man? aspects of chemical limnology (Bridgham et al. 1998: Malmer 1992: Naiman rr al. 

1994). Recent work suggests that the vegetation and wildlife community of wetlands are 

riffected by both pH and nutrient gradients. and that different wetland types may differ in 

xhich nutrisnt( s) limits primary productivity (Bedford et al. 1999). 

Several researchers have demonstrated a positive relationship between aquatic nutrient 

status and aquatic bird abundance (Hoyer and Canfield 1994: Nilsson and Nilsson 1978: 

Sjoberg et c i l  1000). Black Ducks use a variety of Freshwater aquatic habitats. including 

marshes. braver ponds. lakes. strearns and rivers (Ringelman and Longcore 1982). Many 

aspects of ri wetland's suitability as BIack Duck habitat are related to water chamistry. 

g.. nmount and type ofcmergent vegetation. primary and secondary productivity. 

prrsrnçe of fish. warer clarity. The density of breeding Black Ducks and their Young 

have been correlated with many aspects of chemical lirnnology at a wetland-specific scale 

( blelanson and Payne 1988: Merendino and Ankney 1994: Parker ri trf .  1992: Seymour 

and Jackson 1996: Staicer ei ci[. 1994). The chemical lirnnology of surfàce waters ma? 

there fore be an important landscape-level descnptor of breeding B l a d  Duck habitat. 

METHODS 

Selection Of Sarnpling Sites 

Watrr sarnples were collected in July and .4ugust. during 1996- 19%. from areas within 

and adjacent to waterfowl s w e y  plots (Figure 3.1). These lOkm* 10km plots surveyed 

during 1992-94. will br  refened to specifically as PLOTS. hl1 new sampling sites were 

rstablished as Environment Canada water sampling stations (ENVIRODAT). Within 

constnints imposed by accessibility. water sarnples were assumed to represent the 

complete spatial area of the PLOT and range of aquatic habitats. The location fi-om 



which water samples were collected was classified according to two separate schemes. 

station type ( W 1 ) and aquatic habitat type (WZ). There were four different station types: 

u-etland. river. lake. and peatland. Wetland. river. and lake are station types in the 

ENVIRODAT sy stem. Because of well-documented di fferences in water chernistry of 

peatlands versus other types of wetlands. peatlands were not included in the wetland 

çategon-. but kept as a separate category (National-Wetlands-Working-Group 1988). The 

small number of W 1 classes resuited in relatively large sample sizes per station type. The 

orhttr sits descriptor used was aquatic habitat type (W?). which consisted of nine different 

classes. The previously described W 1 classes of peatland. river and lake were used. as 

w l l  as additional categories (bsaver pond. rmergent marsh. lacustrine marsh. riverine 

nicirsh. pond. and stream). The W2 classification scheme avoided combining potentially 

different systerns into the same category. such as river and stream. or lacustrine marsh 

and rmergent marsh. 

Historicrl Water Chernistry Data 

Basrd on geographicai locations of sarnpling stations it was initially determined that 

sarnpling \vas not necessary in five plots. The ENVIRODAT database indicated that a 

large number of samples had already been collected there by other researchers. It was 

subsequently determined that samples would need to be collected from PLOT 68 because 

samples pre\iously collected were not analysed for necessary parameters. Locations of 

sanipling stations were ploned on 1 : 50.000 National Topographical Series (NTS) maps 

to dctrrmine if the- were within the study plot or in hydrolopical proximity. Water 

chemistry of these stations was then examined. Only data From stations for which 

smples were collected during mid-surnmer. within the 1st decade. and analysed for the 

appropriate parameters. were used. niese requirements resuited in many stations and 

samples bcing discarded. 



Collection of Water Samples 

The nurnber of water samples collected per plot. dates sampled. and mode of collection 

are listed in Tables 3.1 and 3 2. Samples were collected during July and August during 

the shonest rime-period possible in order to avoid potential climatic or seasonal effecis. 

Samples were not collected during spring. to avoid the potential impacts of spring run-off 

and rain on chemical limnology of these systems. It is dso dunng July that broods utilise 

these uttlands. Maximum levels of ionic constituents can be observed during July in 

blaritime wtlands due to evaporativr concentration and increased importance of 

croundwatrr inputs. Water chemistry ofstreams in Kejimikujik National Park (Plot 32) 
b 

showed hipher levels of ionic constituents and pH in late surnmer compared to spring 

i Gorham rr (11. 1998; Wood ri of. 1991 1. Sampling was not done immediately after h e a y  

rains or during high water tlous. 

L\'att.r samplrs for analysis of nutrients and ionic constituents w r e  collectrd using one- 

litre. pal y thy  isnr bottles supplied by Environment Canada Moncton. Xew Brunswick. 

U-ater samples for analysis of chlorophyll-a concentrations were collected in 500 mi 

polyethylrne bottles provided by Environment Canada. Sackville. Sample bottles werr 

triple rinsrd with in-.situ water prior to sample collection (except when sampling by 

hclicopter). Grab water samples were collected from a depth of 0.5 m. Water samples 

w r e  collcctrd from the NS DNR helicopter using a sarnpling iron while 3 m aboïe the 

watrr surface. The Coast Guard helicopter was equipped with pontoon floats and g n b  

samples were collected. In 1996. water sarnples were collected from the helicopter using 

?-litre polyethylene bottles and later transferred to one-litre and 500 ml sarnple bottles. 

.\Il samples were placed on ice in coolers for transport back to the lab. 

Laboratop Analyses 

In 1996. 500 ml water samples were analysed for pH using a Fisher ACCUMET 156 pH 

meter. Conductivity was measured using a Radiometer CDM2e conductivity meter and 

reportrd as adjusted to 25 O C .  Water sarnples (500 ml) were then filtered using vacuum 



pump tilters and 4.8 micron g l a s  fibre filters. Methanol based extraction of chlorophy Il- 

3. corrected for phaoephyton. was done (Marker et al. 1980). Analysis of 1996 data 

indicated that chlorophyll-a concentrations would not be a good predictor variable of 

waterfowl densities because of high within plot variation. Water samples were not 

çollected for chlorophyll-a analysis in 1997 and 1998. Specific conductance and pH were 

measured in 1997 and 1998. using the one-litre samples submined to Environrnent 

Canada Lab in Moncton. 

The one-litre water samples were submitted to the Environment Canada Lab in Moncton. 

New Brunswick. for analyses. Standard methods were used for analysis of the followinp 

parameters: apparent colour. total nitrogen. acid neutralization capacity (ANC). dissolvrd 

sodium. dissolved magnesium. insoluble silicate. total phosphorous. dissolved sulphate. 

dissol ved chloride. dissolved potassium. dissolved calcium. total organic carbon. specific 

conductance. pH. and dissolved inorganic carbon (Table 3.3). The lab is accredited 

through CSC!CAEL. 

Statis tical Analpes 

Data Editinc and Transformations 

Water samples with specific conductance greater than 800 pS were dcemed to be marine. 

and rscluded from funher analyses. Most water chemistry variables were log 

transformed (Table 3.3) pnor to analyses. ANC was log-msfomed afier adding 6.5 to 

the obsrned value. in order to ensure that al1 ANC values were positive pior  to log- 

transformation. Shapiro-Wilk statistics indicate that pH and the log-transformed 

variables had normal or nea. normal distributions given the large sample sizes (Table 3.3; 

PROC UNIVARIATE. SAS 1988). 



General Linear Models 

The s tatistical si gni ficance of variation in chemical limnology due to the categorical 

variables of location(PL0T). sample station type (WI). and aquatic habitat type (W2). 

ivas tested using the analysis of variance component of a general-linear rnodel (PROC 

GLM; SAS 1988). General-linear models are robust to non-normal distributions (Zar 

1984). .A srparate analysis was done for each water chernistry parameter. The relative 

importance of effects was expressed by representing the Type 1 sum of squares (SS) as a 

prrçentage of the corrected total sum of squares for the model. Whereas the order of 

wriablc entry will affect the value for Type 1 SS. separate models were run with location 

(PLOT) bring the tïrst variable entered and with location (PLOT) being the second 

variable sntered. 

Ltiasr squares mran (LSMs) and standard mors were estimated from models with 

location ( PLOT) and aquatic habitat type (W2) as main effects. Lrast squares rnean 

correct for unbalanced sarnpling design. i e . .  over or under representation of ri given 

sursey plot or aquatic habitat type in the overall design (SAS 1988). Graphical 

representation of LSMs are based on the anti-log of the means +/- one standard crror. 

Shapiro-Wilk statistics indicate that the LSMs For water chemistry parameters for the 50 

study plots had normal or near normal distributions (PROC UNIVARIATE: SAS 1988). 

Principal Component Analvses 

.A principal component analysis (PCA) waas conducted to determine relationships among 

watrr chemistry parameters and as a means by which to reduce the number of variables 

nsedcd to describe differences in chemical limnology among PLOTS. Transformed 

variables were used because the); were nomaliy distributed. Principal components were 

calculated based on the correlation matrix. Principal component (PC) scores. 

standardised to unit variance. were computed for each observation. 



The statistical significance of variation in principal components scores due to the 

location. sarnple station type. and aquatic habitat tvpe was tested using the analysis of 

\aiance component of a general-linear mode1 (PROC GLM: SAS 1988). ANOVA 

procedures for PC scores were the sarne as those previously described for individual 

watsr c hemistry parameters. 

Geostatistical Analysis 

The location of the centroid of BDIV survey plots rvas convened fkom latitude and 

longitude coordinates (decimal deprees) to Universal Transverse Mercator (UTM) rasting 

and northing coordinates (metres) for Zone 20 (SPANS 1999). UTM coordinates are 

canesian coordinates from which distances between points can be calculated. Lag classes 

wrr r  established at 40.000 rn intervals. with the maximum distance (range) being 

360.000 m. Lag Class I .  cornparrd 29 pairs of observations that were less than 40.000 m 

ripart. Other lag classes had substantially more observations (72- 1 53). It is suggested 

thni each la@ clriss be represented by at least 30-50 pairs of obsenations. although the 

creatcr rhc numbsr of pairs of points. the greater the statistical reliability of each la- class - 
i Rossi c't [ri. 1993). 

Omnidirectional ( i.e. isotropie) correlograrns were created using GS+ geostatistical 

softii.are (Robertson 2000). Moran's I was used to measure spatial autocorrelation. ~vith 

values close to -1 .O indicating a smooth surface. with each PQUAD containing values 

i - e p  similar to those in neighbouring PQUADs. and a value of -1 indicating a rough 

surface where neighbouring PQUADs have very dissimilar values (Eastman 1999). 

Values ncar zero indicate no spatial autocorrelation. Variables with highly skewed 

distributions were log transfomed prior to calculating Moran's I (Isaaks and Srivastava 

1989). 



RESULTS 

Comparisons of Location and Aquatic Habitat Type Variation 

Characterizing the chemical limnology of aquatic habitats without replication in space or 

rime ma). lead to inaccuracies. The chemical lirnnology of aquatic habitats are known to 

w - y  due to seasonal and short terni climatic events (Jassby 1998). Water samples were 

çollrcted tiom 25 aquatic habitats in July 1996. and again in August 19% in PLOTS 5 1 

and 53.  There were ditrerences in a limited number of chemicai limnology parmeters 

br twzn the two years ( Paired T-Test: Zar 1 98-1). In Maine. signiticant between !car 

differrnces were observed for pH. but noi for other water chemisup paramrters 

( Lungcore rr ol. 1998). Differencrs betrveen sarnpies collrcted at different times ma).. 

rcpresent local conditions (cg.. moose urine). short term conditions (rain rvents) and/or 

çlimatiç conditions ( wet versus dry surnmer). A pragmatic approach for synoptic 

cornparisons is to lrave this variation un-quantified and assume that the larger spatial 

patterns shown by the data supersede any uncharacterised temporal variability at the 

srimpling points (Clair rr tri. 1982: Pienitz et al. 1997b: Undenvood rr al. 1987). 

Genrral lincar models which included aquatic habitat type (W?). location (PLOT). and 

the interaction term. had model R' values that ranged from 0.441 for chlorophyll-a to 

0.844 for pH (Table 3.4). The overall model was statistically signiftcant for al1 

parameters. P = 0.0001. Some historical water sarnpling stations were not analysed for 

dl wattir chrmistn panmeters and therefore sarnple sizes Vary arnong the specitic 

paramrters. Sample sizes for each mode1 are presented (Table 3.4). There were 

significant effrcts of location (PLOT) and aquatic habitat type (W3) b r  ail water 

chsmistry variables with the exception of chlorophy La. There was a signi ficant 

interaction between location and aquatic habitat type for many of the water chemisq 

variables. In models where location (PLOT) was the E s t  variable entered into the model 

it rsplained a large percentage of the variation (Table 3.5). The notable exception was 

chlorophyll-a concentration. The percentage of variation explained by location (PLOT) 

ranged from a low of 1 1% for chlorophyll-a to 74% for dissolved inorganic carbon (DIC: 



Table 3.5).  The percentage of variation explained by aquatic habitat type (W2) in these 

models was 13% for chlorophy Il-a and 3% for dissolved inorganic carbon. Type 1 SS 

values are afkcted by the order in which the variables are added to the model. Even 

u-hrn aquatic habitat type (W2 ) was entered into the model before location (PLOT). a 

large proportion of the variation tvas still explained by the effect of location. 

blodtls including location (PLOT) and sampling station type (WI). were al1 statistically 

signi ticant P = 0.000 1 and had Llodel R' values that ranged from 0.287 for chlorophyll-a 

ro 0.786 for pH (Table 3.6). The amount of variation explainrd by rnodels which 

included sampling station type (W1 Models) was less than the amount of variation 

rsplnined in rnodels which included aquatic habitat type (WZ Models). Location (PLOT) 

was the variable in W1 LModels which explained most of the overall variation (Table 3.7). 

similar to the W7 Models. Both W 1 Models and WZ Models for chlorophyll-a. indicatrd 

that location (PLOT) was not important in explaining the observed variation. 

L SMs were caiculated usine W2 Models which included location (PLOT) and aquatic 

habitat type (W2).  These models were selected as they explained a higher amount of 

overall variation compared to W 1 Models which included location (PLOT) and sampling 

station type ( W 1 ). Aquatic habitat type (WZ) categories are also more ecologically 

nieaninpfui. Sampling station type (W 1 ) categories resulted in more within-category 

variation (Tables 3.8 - 3.14). LSMs for PLOTS correct for unequal representation of the 

aquatic habitat types among the survey plots. whereas LSMs for aquatic habitat types 

correct for unequal representation of plots among the aquatic habitat types. 

Tliere uas considerable variation in LSiM pH among plots (Appendix D. Figure DI).  The 

amount of among-plot variation differed for the various parameters of chernical 

limnology ( Appendix D. Figures D2 - D 16). There was less variation among aquatic 

habitat types in LSM pH compared to variation among plots (Appendix D. Figure D 17). 

The LSMs for other variables by aquatic habitat type are presented in Appendix D. 

Figures D 18 - D E  Spatial and aquatic habitat type variation is addressed in the Results 

section. 



Chernical Limnology 

The correlation rnatrix from a principal component anaiysis highlighted relationships 

arnong water chernistry variables (Table 3.15). Increasing pH was associated with 

increasing Mg. K. and Ca. Conductivity is a measure of the concentrations of al1 ions 

and uas thrrefore strongly positively correlated with measures of major ion 

çoncrntrations. cg. ANC. Na. Mg. K. Ca. Apparent colour kvas positively rissociatrd 

with TOC. and negatively associated with pH. indicative that humic acids were 

responsible for the colour and acidity of most water samplrs. ANC was highly positively 

çorrelatcd with pH. conductivity. Mg. and Ca. Sodium (Na) was positively correlated 

with CI. rrflcctinp the importance of sea salt in the ionic composition of surface waters in 

.Atlantic Canada ( Undenvood rr al. 1987). Correlations among SO4. K and Cl were also 

obssnxd. consistent with a sea spray and marine silt soils. Magnesiurn was associated 

n i t h  K and Ca. indicative of well buffered bedrock and soils. 

Total nitrogrn (TN) k v a s  not highly correlated with an- other variables. Total 

phosphorous (TP) was correlated with apparent colour and TOC. consistent with higher P 

content of soils frorn ombrotrophic wetlands (Bridgham et al. 1998). 

.-1 separatr principal components anaiysis (PCA) was done for the 49 plots for which 

water srunples were analysed for silicate. This PCA indicated that SIO? was most highly 

correlated with Ca (0.558 1 )  followed bp ANC (0.4550) and pH (0.3944). A PCA. based 

on the 3 5 5 locations for which chlorophyll-a concentration was measured. indicated that 

it \vas posi tively associated with TP (0.3279) and negatively associated with SIO? 

(-0.14 16). 

The eigrnvalues for the correlation matris indicated that the first four principal 

çomponents accounted for over 85% of the variation. with the first principal component 

( PC 1 ) accounting for 45% of the variation (Tables 3.16). 



The structure of PC 1 is one of increasing pH and major ions. cornbined with decreasing 

TOC and COLOR (Table 3.17). The PCI avis will be termed the pH Axis. The second 

principal component avis (PC2) shows increasing TOC. COLOR. TP. and M. The PC? 

n i s  will be referred to as the Nutrients Axis. The PC? avis indicates decreasing Na and 

Cl. with increasing pH and ANC and will be called the Salinity bis. The PC4 avis has 

increasing T'i and SO4. while TP decreases and will be termed the Nitrate Axis. 

Location (PLOT). aquatic habitat type (W1). and the interaction term explain a 

signiticant mount  the variation in PC Scores (Table 3.18). Location explained 66. 50. 

77. and 73Oh of the total variation in PC 1-PC4 Scores respectively (Table 3.19). A GLM 

wi th location ( PLOT) and aquatic habitat type ( W7) as the main effects was usrd to 

calculate LSMs and standard errors (SE) for PC 1 -PCJ Scores. 

Regional Variation in Chernical Limnology 

Rcsults irom . W O V i  of water chemistry parameters and principal cornponent scores 

indicnted that therr were differences among PLOTs and among aquatic habitat types. 

.-Imong PLOT variation in chemical limnology was four to five timès greater than arnong 

nquatic habitat type ( W2) variation (Table 3.5). There was considrrablr arnong PLOT 

variation in PC 1 -PC4 scores (Figures 3 2 -  3.9). 

Surface waters with relatively high pH were observed in areas of neutral to basic soils 

i Figure 3.1 0). The PLOTs tvith the ten highest LSM pH values were in order of 

incrcasing pH: 43. 73.68.51. 71. 50. 75. 73.62. and 74 (Appendix D. Figure Dl ). Thrse 

PLOTs also had high PC1 scores (Figures 3.2 and 3.6). PLOTs 71 -75 are located in 

northem New Brunswick in ecodistricts described as having bedrock and'or soils that are 

neutral to basic ( Ecosystem-Classification-Working-Group 1996). PLOTs 43.50 and 5 1 

are coastal. with PLOT 5 l also being in an area of g p u m  deposits. PLOT 43 is located 

in the Carboni krous Lotvlands of Nova Scotia in the Northumberfand Plain. an area of 

sandstones. siltstones and gypsum (Davis and Browne 1996). 



The PLOTs with the ten lowest LSM pH values were. in order of increasing pH: 3 1.38. 

46.56. 32. 55. 30. 54.37.66 (Appendix D. Figure Dl). PLOTs 30. 31. 32. are al1 in 

south-western Nova Scotia in Ecodistncts (Davis and Browne 1996) underlain by granitic 

bedrock with a thin covering of acidic soi1 (Figure 3.10: Table 2.14). PLOTs 37.38. and 

16 are found along the Eastern Shore of Nova Scotia on the Quartzite Barrens and 

Granite Barrens Sub-Units. PLOTs 54. 55. 56. and 66 are found in the Carboniferous 

Basin of New Brunswick in the Salmon River. and Grand Lake Ecodistricts (Table 2.15). 

These areas are underlain by easily weathered bedrock that produces deep acidic soils 

( Ecosystrni-Classification-Working-Group 1996). Other PLOTs with LSM pH below 

6.0 w r e .  in order of increasing pH: 26.27. 53.40.67. 58.49. 28. 29. 33. 36.48. and 39. 

PLOTs 53 and 67 are located in the Carboniferous Basin of New Brunswick The onlp 

other New Brunswick plot with LSM pH below 6.0 was PLOT 58 which is located on 

uranitic soils in the Lrpreau River Ecodistrict (Ecosystem-Classification-Working-Group 
b 

1096). In contrast to New Brunswick. most of the Nova Scotia plots with pH below 6.0. 

w r e  located on granitic soils. PLOTs 76 and 27. are located on quartzitr barrrns and 

granite bamns. PLOTs 28.19. 33. 36 and 40 are located in areas of high granite and 

quanzite. PLOT 48 is located in a stony wet till-plain with lots of bog development. 

PLOT 49 is located on the taiga plateau of Cape Breton which is blankrted by bogs 

( Davis and Brome 1996). 

Spatial variation in acid-neutralizing capacity (ANC) was similar to that observed for pH 

F r  3.1 1 .  PLOTs 73.43.68.51.50.71. 75. 72.62. and 74 had the ten highest values 

ior ANC (Appendis D. Figure DI). Many of the plots with low ANC had low surface 

watrr pH. The PLOTs with the ten lowest values for ANC were: 3 1. 38.46.56. 32. 55 .  

30. 54. 37. and 66. 

Spatial ~ariation in apparent colour probably reflected di fferences in inputs of organic 

acids ( Figure 3.12). The surface waters in the majority of PLOTs (n=37) would be 

considered clear waters. The PLOTs with the highest values for apparent colour. were. in 

order of increasing magnitude: 60. 56. 33.59.55.66. 53.27.67. and 54 (Appendix D. 

Figure D3 ). These plots had relatively low PC 1 scores (Figures 3.2 and 3 -6). PLOTs 53. 



54. 5 5 .  56. and 66. which had high apparent colour. are al1 located in the Carbonifcrous 

Basin of New Brunswick and have fiat terrain. deep acidic soils. and extensive 

development of peatlands (Table 2.15: (Ecosystem-Classification-Working-Group 

1996)). PLOT 27 is located on the Pennant Barrens Unit where bogs have developed in 

depressions on the granite plateau (Table 2.14: Davis and Browne 1996). PLOT 33 is 

locatsd in the Granite Uplands Unit which is described as having many raised bogs. Data 

from the Llaritime Wetlands Inventory (Hanson and Calkins 1996) indicates that plots 

with high values for apparent colour had extensive areas of peatlands. The total nurnber 

of bogs and area in hectares. for plots with high values for water colour. are: PLOT 60 

(7.281 ha): PLOT 56 (30. 130 ha): PLOT 33 (36. 1.1-1 ha): PLOT 59 ( 3 5 . 2 6 2  ha); 

PLOT 55 (68.551 ha): PLOT 66 (66.368 ha): PLOT 53 (49.1246 ha): PLOT 17 (48. 

9 I ha): PLOT 67 ( 8  1.549 ha); PLOT 54 (53 .  1 O76 ha). 

The PLOTs with the ten lowea values br apparent colour were: 75. 74. 50. 5 1. 72.39. 

62.43. 64. and 52 ( Appendix D. Figure D3). PLOTs with clear waters had signiticant 

rclief. with many streams and rivers. and relatively few wetlands. The total numbcr of 

bogs and a r a  in hectares for PLOTs that had low values for apparent colour are: PLOT 

75 (0. O ha): PLOT 74 (2.2 ha): PLOT s'O ( 2 .  10 ha): PLOT 5 1 ( 1.0.4 ha): PLOT 7 2  

i 0. O ha): PLOT 39 ( 122.495 ha): PLOT 62 ( 1.2 ha): PLOT 43 (4.9 ha): PLOT 64 (8. 

22 ha): PLOT 51 ( 1  1. 21 ha). PLOT 39 which had clear waters did have a large number 

of bogs. However in PLOT 39 water sarnples were only collected fiom lakes and 

lacustrine marshrs. This unbalanced design may have been responsible for pH being 

hirher C and colour being lower than if watrr samples had been collected from rivers and 

ive t lands. 

Total organic carbon in water samples had spatial variation. and a relationship with bogs. 

similar to that observed for colour (Figure 3.13 vs. Figure 3.17). This would be expected 

brçause of humic acids being responsible for the colour of surface waters in Atlantic 

Canada. and the correlation discussed earlier (Table 3.15). PLOTs with the highest total 

organic carbon. in order of increasing values. were: 42. 56. 55.59.27. 53.66. 60. 54. and 

67 (Appendix D. Figure D4). Plots uith hi& TOC also had hi& PC2 scores (Figures 3.3 



and 3.7). PLOTs with the lowest total organic carbon. in order of increasing values. 

were: 75. 52. 5 1. 74. 50.39.69. 64.72. and 45. 

Dissolved inorganic carbon (DIC) was measured only for waier samples collected in 

1997. Plots with high DIC had low TOC (Figure 3.14). DIC had similar spatial variation 

to that observed for ANC. The PLOTs with the highest DIC werc 72 and 74 (Appendis 

D. Figure DY). 

Those ions primarily responsible for deteminine pH. such as magnesium and calcium 

dso showed spatial variance similar to that already discussed for pH and ANC (Figures 

3.1 5-3.16). The magnitude of this variation was however much smaller than that 

obsrn.rd for pH and ANC (Appendix D. Figures D6 and D7). Calcium concentrations in 

surface waters greater than 1 O mg/L could be considered indicative of calcareous soils. 

N g h  concentrations of calcium were observed in scutàce waters in PLOTs 62. 74. and 

75. whiçh are located in New Brunswick Ecodistricts 3.1. 5.1 and 1 . I . These Ecodistricts 

have b w n  desci brd as having areas of calcareous bedrock and soils (Table 2.1 5: 

Ecos>.stem-ClassificationWor~-Group 1996). 

PLOTs 35.47. 43 .44  50 had relatively high levels of potassium (Figure 3.17: Appendis 

D. Figure Dg). These plots are al1 located in the Carboniferous Lowlands Reyion of 

Xova Sçotia (Table 2-14: Davis and Browne 1996). 

The conductivity of freshwater systems in Atlantic Canada c m  represent the influence of 

marine salts or rninerals. The conductivity in PLOTs 71 and 75 (Figure 3.1 8: Appendis 

D. Figure D9) refiect high ANC (Figure 3.1 1). The high conductivity of PLOTs 43 and 

50 retlect high concentrations of sodium (Figure 3.19: Appendis D. Figure D 1 1 ) and 

chloride (Figure 3.20: Appendix D. Figure D12). PLOTs 44.35. 50 and 43 had high 

concentrations of sodium and chloride indicative of their overlying Windsor Group 

formations that contain evaporites (Davis and Brome 1996). Sodium and chloride 

concentrations are indicative of distance to the coastline and differences in airbome 

inputs of sea salts. The maximum distance frorn salt water in Nova Scotia is ca. 75 km 



(Cindrnvood et al. 1986) and hence al1 of Nova Scotia is influenced by salt spray. It 

would appear that PC3. which describes decreasing Na and CI with increasing pH and 

.WC. is also strongly influenced by distance from the Coast. The lowest PC3 scores wçre 

obsen-rd in Nova Scotia and the highest scores observed in north-western New 

Brunswick ( Figure 3.8). 

High concentrations of sulphate in PLOT 50 may be due to evaporites or sea spray 

I Figure 3.1 1 : Appendix D. Figure D 13). Sulphate is the third most common ionic 

constituent of sea w t e r  after chloride. and sodium (Mitsch and Gosselink 1 986 j. 

PLOTs with high pH of surface waters and well buffered soils. such as PLOTs 50. 

72.73.74. ruid 75. had sorne of the lowest values for total phosphorous (Figure 3 2 2 :  

.-Ippendis D. Figure D 14). PLOTs 3442.44 and 62 which were located in areas of 

known agricultural potential and fertile soils. had the highest total phosphorous values. 

Sonic PLOTs with high total phosphorous (cg .  17. 61.67.68)  were areas of high 

pcdand development. This phosphorous ma? have been biologically unavailable due to 

bcing in an organic or colloida1 Form (Bridgharn et cil. 1998). 

Plots with high total nitrogen (Figure 3.23: Appendix D. Figure DM) were found in 

coastal areas ( PLOTs 30. 3 1 35.43) as well as in the Carboniferous B a i n  of New 

Brunswick (PLOTs 54. 55.56. and 66. Figure 3.23: Appendix D. Figure D l j ) .  Total 

nitrogen (Ili) was not highly correlated to other water chemistry variabies (Table 3-15). 

Plots with high concentrarions of ïN and high PC4 scores were found in the 

Carhoniferous Basin of New Bninswick (PLOTs 53-56) and areas of high peatland 

developrnent in Nova Scotia (PLOTs 30 and 3 1 ) as well as some coastal areas (Figures 

3.5. 3.9 and 3-23 ). 

Plots with high silicate concentrations (Figure 3.24: Appendix D. Figure D 16) were 

found mostly in New Brunswick in areas of well buffered soils and high surface water 

pH. In contrat. most of the Iow silicate concentrations were found in Xova Scotia with 

the irn lowest means occuning in PLOTs 39.46.37.48. 32.35.38.26.45 and 27 



~Appendix D. Figure D 16). The low silicate concentrations in Nova Scotia plots are 

consistent with the granite bedrock and low pH of surface waters in that province. 

Thrre was a lot of unexplained variation in chlorophyll-a concentrations (Table 3.5). 

hence sarnplrs were collected for chlorophyll-a analysis only during 1996 for a selecred 

numbcr of plots ( Appendix D. Figure D17). 

Spatial ,\utocorrelation Among Plots in Chernical Limnology 

Most paramrtrrs of chernical limnology did not have substantial spatial autocorrelation 

beyond the f i n t  la- class (Tables 3.2 i and 3.22). The average distance between the 29 

pairs in Lag Class 1 was 17.000 m. Sodium (Na) and chloride (Cl) were exceptions with 

spatial autocorrelation çvident up to Lag Class 4 ( 139.000 rn) and retlected the 

importance of prosimity to marine waters (Table 5.21). Surface waters in Nova Scotia 

had higher concentrations of NaKl compared to New Brunswick (Figures 5.72-3.3). 

Silicate (SIO:) dso had notable spatial riutocorrelation up to Lag Class 4. Plots in New 

Brunswick had high SIO: concentrations coincident with high pH values ( Figures 3.1 O 

and 3.24). 

Variation .-\mong Aquatic habitats 

The PC 1 asis described increasing pH and other ions with decreasing apparent colour and 

TOC. Along the PC 1 mis. negative scores indicate acidic dilute waters. whereas positive 

values indicate w l l  buffered waters. Peatlands were the aquatic habitat type that had the 

loti-est PC 1 scores (Figure 3 2 5 ) .  These PC 1 scores are consistent with univariate 

analyses whrrt: peatlands had the lowest pH . M C .  Ca. Mg. N a  Cl. and S 0 4  (Table 3.8: 

Appendix D. Figures D 174332). The PC3 axis described increasing TOC. apparent 

colour. l'Y. and TP (Table 3.17). Peatlands had positive PC2 scores (Figure 3.26). 

consistent with high colour. TOC and TN observed during univariate analyses (Appendix 

D. Figures D 1 74332). The PC3 avis described decreasing Na and Cl with increasing 

;\NC (Table 3.17) and ail aquatic habitat types had similar PC3 scores (Figure 3.27). The 



PC3 a i s  reîlects a spatial pattern with al1 but one Nova Scotia plot having negative 

values (Figures 3.4 and 3.8). The PC4 a i s  described increasing TN and SOJ with 

decreasing TP (Table 3.17). Peatlands were observed to have high TN in univariate 

nnalysis (Table 3.8) and PC4 scores (Figure 3.28). PC4 a i s  may describe spatial 

variation in water chemistry as indicated by the among plot variation observed in PC-l 

scores (Figure 3 -5 ). 

Thc mem pH for peatlands was 4.8. whereas the minimum was 3.9. Some wetlands in 

the peatland carego? were in fact fens. as evidenced by the fact that the mavimum pH for 

the category was 6.7 (Table 5.8. Appendix D. Figure D l  7). Bogs typically have a pH of 

4-5 whereas the pH of water from fens is 5-6 (National-Wetlands-Working-Group 1988: 

Nicholson 1995: Wood et tri. 199 1 ). Of the 65 wetlands that were classified as peatlands. 

654'0 had a pH of 5.0 or less. and 90% had a pH of 5.4 or less. This distribution of pH 

indicatcs that very k w  fens were included in the peatland categorp. There were six 

wtlands classified as peatland with a pH of 5.7-6.1. 

The range in watcr chemistry parameters for M e s  was greater than any other aquatic 

habitat t>.pe. The water chemistry of lakes is known to be strongly intluenced by the 

rleology of their catchments (Howell 1988: Pienitz et al. 1997a: Pienitz rr <ri. 1997b). - 
The observed pH of lakes ranged from 3 .? to 7.9. with a raw mean of 5.6 (Table 3 3). .A 

watrr sample collected from a lake that was surrounded by bog had a pH of 6.7 1 .  

Conwrsely one sample coilected from a lake had a pH of 3 2. and 16% of watrr sarnplrs 

collected from Mes  had a pH of less than 5.0 (Table 3.8). Lakes could be characterised 

as clear and dilute (Table 3.8. Appendix D. Figures D17-DE). 

Lake. lacustrine marsh. and pond had near zero PC 1 scores with beaver ponds having 

slightly higher PC 1 scores (Figure 3.25). Only peatlands had lower PC 1 scores than 

lakes. Lakes had the lowest PC7 scores indicative of their clear and dilute nature (Figure 

3.26 1. 



Lacustrine marshes had slightly elevated levels of ionic constituents. nutrients. as well as 

ANC and pH. compared to lakes (Tables 3.8-3.9. Appendix D. Figures D 17-D32). This 

trend \vas also obsemed for samples collected fiom the edge venus the middle of the 

sarne lake (unpubl. data). 

Ponds. which are smaller in area and presumably shallower than lakes. had slightly 

higher Icvels of ionic constituents. nutrients. and pH compared to lake and lacustrine 

rnarsh. The sarne trends were clearly evident in PC2 scores (Figure 3.16) although less 

so with regard to PC I scores (Figure 3-25). 

l'hrrc were three categories of lentic aquatic habitat types: river. riverine rnarsh. and 

Stream. Rivers had larger water volumes than riverine manhes and strearns and therdore 

had slighrly lowsr concentrations of ionic constituents (Table 3.9 and 3.10. .-\ppendis D. 

Fi y ures D 1 7-D32). Al1 three lentic systerns had similar (positive) PC 1 scores. whereas. 

rivcrs had lo\v PCI scores compared to other lentic systerns (Figures 3 2 5  and 3.26). 

Beawr ponds were observed to have somewhat different chemical limnoiogy compared 

io other aquatic habitat types (Tables 3 3 4 . 1  2. Figures 3 25-3.28. Appendix D. Figures 

D 1 7-D3 2). Braver ponds were observed to have low pH and low ANC with relatively 

Iiigh total nitrogen. 

Eniergent marsh had high PC 1-PC3 scores. Emergent marsh had the highest PC? scores 

indicative that this aquatic habitat type had hi& concentrations of nutrients. Thex high 

PC2 scores are consistent with high levels of TP. TN. and concentration of chlorophyll-a 

obscned during univariate analyses. In contrat to other aquatic habitat types. rmergent 

marsh had high LSMs for pH. ANC. Mg. Ca. K. conductivity. Na. Cl. TP. and TN 

( Tables 3.8-3.12. Figures 3 .->5-3.,8. Appendix D. Figures D 17-DX). 

In watrrsheds with nutrient poor soils and resistant bedrock. the difference in chemical 

limnoiogy between aquatic habitat types may not be as great compared to watenheds 

with fertile. rasily eroded soils. Separate analyses were done for al1 plots. as well as plots 



which were nutnent rich (PC 1 scores > above 0) and plots which were nutrient poor (PC 1 

scores < O: Figures 3.29-3 -3 1 ). A bi-plot of PC 1 versus PC2 for low scores (Figure 3.3 1 ) 

showed less separation of aquatic habitat types than the bi-plot for high scores (Figure 

3 . ;O) or al1 plots (Figure 3.29). For mesotrophic (PC 1 scores > O) plots there were 27 

pair-\vise comparisons between aquatic habitat types that were significantly different for 

PC 1 md/or PC2 scores (Table 3.20). For oligotrophic plots (PC 1 scores < zero) there 

wcre only 2 1 pair-wise comparisons that were sienificantly different (Table 3.20). As 

will bc discussed tliis indicates that differences arnong aquatic habitat types may br 

accrntuatsd drprnding on the geological and geographical characteristics of the region. 

DISCUSSION 

Spatial Variation in Chernical Limoology 

The relative amount of variation among plots represents differences in watrr chemistry 

due to large spatial-scalr geological procrsses. Differences among aquatic habitats types 

rspresent smalier scale. hydrological and biological processes. No previous studirs in 

.-ltlantic Canada have quantified variation in chemical limnology due to both spatial 

variation and aquatic habitat type. 

The relatii-e arnount of spatial autocorrelation in chemical limnology arnong plots can 

provide insight into the relative importance of large scale geological and geographical 

procrsses to esplain the observed variation in chemical limnology. Although 

autocorrelation statistics indicated that the extent of spatial autocorrelation w u  relatively 

limitrd. mapping the spatial distribution of water chemistry values indicated that for 

some plots and variables. there was considerable correlation between nearest neighbours. 

Whereas samplt: plots were not located rqually in al1 geographic locations. geostatistics 

ma! not have provided a true representation of extent of spatial autocorrelation in 

chernical lirnnoiogy in the Maritimes. 



Plots with good soil buffering capability had high surface water pH (Figure 3.32). A 

linrar regression between water pH and soil pH had an R' = 0.44 (Figure 3.33). There 

wsre plots. however. that were underlain by soils with poor buffering capaciiy. but had 

relatively high pH of surface waters. Surface water pH for plots with non-buffered soils 

rangctd [rom 4.5 to 7.1. A decoupling of the relationship between soil and surface water 

pH ma? have arisen due to: 1 ) errors in assigning soil polygons to buffering capability 

cntsgories: 2 )  the pH of water sarnples being influenced by atrnospheric inputs: 3 )  

surface and ground watrr tlowing into the plot from other soil polygons: 4) 

anthropogenic inputs: 5) and/or the influence of biotic processes (e.g. peatlands). 

Spatial variation in the pH of surface waters is studied more ofien than spatial variation 

of other aspects of chernical limnology. The among plot variation in pH observed in this 

study is similar to that previously reported for Ides  in New Brunswick and Nova Scotia 

(Clair el d. 1981: Undrnvood er al. 1987). Plots with low pH of surface waters aiso had 

ri high numbcir of bogs and total area of wetlands. similar to previous findings in Nova 

Scotia (Gorham et tri. 1998: Wood et d. 1991) and elsewhere in North Xmerica (Gcrgrl 

c't (11. 1 999 1. 

Plots that had the highest calcium concentrations in water samples (Figures 3.16 and D7) 

had high estirnated soil pH (Figures 1.8 and 3.33). Of the plots with the ten highest 

calcium concentrations. eight of them were aiso within the top ten for estimated soi1 pH . 

Thc location of surface water with high total phosphorous (PLOTs 42.44) coincided with 

nreas known for soils with high agncultural potential. Agricult~nl activities cm. in and 

of thrmselves. increase the amount of available nutrients through the use of fertilizrrs and 

production of manure. Phosphorous levels in surface waters can also be affected by local 

land use practicrs (fores.. cottage and housing development). Some PLOTs (e.g. 27) 

with high total phosphorous concentrations were areas mjth high residential development 

( Apprndis C - Table C3). 



Some plots with high total phosphorous concentrations in surface waters were areas of 

high peatland development. Bogs are thought to be phosphorous limited (Mitsch and 

Gosselink 1 986). Total phosphorous in these surface waters may have represented 

organicicolloidal bound phosphorous with very linle soluble reactive phosphorous 

( Bridgliam et cil. 1998). It \vas also interesting to note that some areas in north-western 

New Brunswick with surface waters of high pH had low total phosphorous. I t  has been 

previously suggested that the pH gradient does not necessarily parallel the gradient of 

incrcasing N and P availability. and should not be used as a surrogate for it (Bedford et 

( i l .  1999 ). Pre~ious work on rmergent wetlands in Ontario did not tind a strong 

rclationship bctween TF and alkalinity (Merendino and Ankney 1994). wheres work on 

human-impactrd wctlands in Nova Scotia did (Staicer et al. 1994). 

Variation in Chernical Limnology Among Aquatic Habitats 

Scymour cr d. ( 1992) provided data on total phosphorous. total nitrogen. pH and 

conductance of 35 dispersed wetlands. 10 lakes. and 15 river sites in the Antigonish 

ivatrrshrd in Nova Scotia (near PLOT 44). Parker rr (11. ( 1992) provided data on pH 

from 79 wetlands in southwestern New Brunswick (near PLOT 58). Staicer et ul. ( 1994) 

rcponcd on the chernistry of freshwater lakes in central and western Nova Scotia. 

man!. of uhich were known to be receiving anthropogenic nutrient inputs. Thrse 

prcvious studies report water chernistry within the range of values observed in this study. 

Bogs crin be identified in the field on the basis ofthe presence of plants such as red 

sphagnum (Spcighniim n<belltrm). Ieather leaf (Charnueduphne cu~vcdara).  lamb-kill 

( Lilniiri ungzrstifoliiim). and larch (Larik [uricina). Rich fens c m  be identi fied by the 

presrncr of graminoids such as blue-joint (Calarnagrosîis canadensis) and sedges (C'cirrx 

srricrti. CÙres hzrllata) as well as heath shrubs such as spirea (Spirea larifoliu) and 

hardhack (.&ka gaie). Beaver meadows are fens that develop from abandoned beaver 

ponds (LcPage and Keddy 1998). Field identification of fens c m  be problematic as the? 

iindergo successional change towards ombrotrophic conditions. Although the distribution 

of pH can be bi-modal for fens and b o p  based on the presence or absence of 



nroundwater inflow. the range of water chemistry reported for bogs and the use of the 
C 

trrms bog. poor fen. and rich fen indicates that there is a continuum between bogs and 

fens retlecting relative inputs of groundwater. The Maritime Wetlands Inventory does 

not have a separate wetland class for fens but rather includes them with b o p  (Hanson 

and Calkins 1996). Based on water samples collected from peatlands during this study it 

would appear that most peatlands in the Maritimes are in fact bogs. It would appear that 

assigning w t e r  sarnpling sites to a peatlands category. which includes both fens and 

bop.  is a logistical necessity that does not introduce much error into the data. 

Peatlands rire very dilute in terrns of cations. as cvidenced bp low ANC. magnesium. 

calcium. potassium. and sodium. and PC 1 scores. High levels of total organic carbon and 

apparent colour are indicative of the role that organic acids have in defining the chemistry 

of bogs ( Warner and Rubec 1997). These acids form during the decomposition of peat 

2nd are also present within Spaghniim. The highly stained tea-coloured water of man? 

rivers and lAes in the Maritimes reflects the contribution of bogs to receiving waters 

i Gorham cr trl. 1998: Pienitz r i  ul. 1997b: Smith 1966: Wood et ai. 199 1 ). The highly 

coloured water and high total organic carbon concentrations due to hurnic and fulvic 

iiçids were probably responsible for the high PC? scores observed for peatlands. 

Emrrgrnt rnarshes also had high PC7 scores. This colour may have been due to humic 

acids created in adjacent peatlands and/or high total organic carbon concentrations dur to 

high rates of p r i r n q  productivity and carbon fixation. 

In contrast to peatlands whose chemical lirnnology is very much inHuenceci by biological 

proccsses and ombotrophy. lakes are very much influenced bp the surrounding landscape. 

surtïcial geology. and atmospheric chemistry. Lake water chemistry was different from 

the chemistry of other aquatic habitat types. The applicability of lake water chemistry to 

proccsses such as potential primary and secondary productivity in adjacent wtlands 

should. therefore. never be assumed (Jones and WedeIes 1989). 

Lrntic systems had higher levels of ionic constituents (e-g. .  magnesiurn. calcium. 

conduc tivity . sodium. chloride. silicate. and sulphate) compared to lacustrine sy stems. 



Higher levels of minerals in riven may be due to them transporting minerals originating 

throughout the watershed as well as erosion liberating minerals from the river bed itself. 

Rivers had lower PC? scores than lacustrine marshes and ponds. Lakes had lower PC2 

scores than the other two lacustrine systems. It would. therefore. appear that PC? scores 

(colour. nitrogen. phosphorous. total organic carbon) are reflecting diFerences in water 

volume of these different aquatic habitats. PC 1 does not appear sensitive to the influence 

of w tc r  volume. compared ro PC7. Overall. aquatic habitat tvpes differed markedly in 

thcir PC 1 and PC2 scores. Cornparison of bi-plots of PC 1 versus PC2 scores findings 

indicates that difkrencrs arnong aquatic habitat types may be accentuated depending on 

krtility of the wetlands. 

Bsaver ( ( 'cisror c.rincrtlensi.s) are the keystone species in many boreal and temperate 

rivcrinc syterns in eastern North Arnerica (Naiman et ul. 1986: Nummi and Poysa 1997: 

Smith cr (11. 1 99 1 ). Water chemistry of beaver ponds was observed to be somewhat 

different compared to that of other aquatic habitats. The water chemistry of beaver ponds 

dianges otier initial Hooding with a resuliant tramfer of ions and nutrients from upland 

tlooded soils to sediments that accumulate in the pond and downstream ares (Naiman et 

r d .  1 994 ). Nutrient dynamics and standing stocks change over time afier initial tlooding. 

The age of beaver ponds sampled in this study is not hown.  The low pH and .WC of 

beaver ponds was probablp due to the release of humic acids from the soi1 upon tlooding. 

Total nitrogen was also relatively high in beaver ponds. 

Difirenccs in water chemistry arnong aquatic habitat types has been most widely 

invsstigated in relation to the bog-fen gradient. Chernical gradients have received less 

attention in minerotrophic wetlands (Cowardin et ai. 1979: Nicholson 1995). The 

transport and transformation of chernicals in wetlands involve a great number of 

intcrrelated physical. chemical. and biological processes (Mitsch and Gosselink 1 986). 

Wetlands with different hydrologie characteristics have different biogeochemical 

processes and water chemistry. The chemical limnology of wetlands sampled in this 

study represent a broader spectnim of spatial area and aquatic habitat types than has 



previously bren reponed for the Maritimes. Spatial variation was more important than 

uriation due to aquatic habitat type for the chemical limnology of surface waters in New 

Brunswick and Nova Scotia. However differences in the chemical limnology of aquatic 

habitat types may be imponant when dealing with ecological processes or speciçs that are 

specitic to a givrn aquatic habitat tvpe. Therefore the use of ENVIRODAT station types 

which combine al1 wrtland types into one category should be discontinued. Differences 

obsrn+cd among aquatic habitat tvpes in this study indicate that the chemical limnology 

of difkrrnt minerotrophic wetland types warrants tùrther study (Bedford rr al. 1999). 
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Table 3.3 - Water chemistry abbreviations. method number. and W-value for normality 
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CK4P TER 4 - BREEDING WATERFOW SURVEYS IN THE MARITIMES 

INTRODUCTION 

This chapter describes results fiom annual surveys of breeding Amencan Black Duck 

(.-fntis r~rhripes) populations in New Brunswick and Nova Scotia conducted by the 

Canadian Wildlife Service (CWS) during 1985-1 999 (Bateman and Hicks 1995: Collins 

1999: Erskine r f  cd. 1990). 

In western Nonh Amerka. the Waterfowl Breeding Population and Habitat Sumey has 

been conducted annually since 1955 (Baldassme and Bolen 1994: Johnson and Gnrr 

1 988). This survey is conducted in May and coven 3 -5 million km'. Waterfowl and 

wtlands are counted from fixed wing aircraft along transects 0.40 km wide and up to 7-11 

km long. .A subseyuent survey in July records nurnber. age. and size of duck broods. 

numbcr of pairs still present and number of ponds remaining. The landscapr-level 

~vaterfowl population and habitat data obtained from these two surveys are combinrd to 

produce estimates of fa11 populations. Although these surveys are costly. the? providç 

the data required to annually formulate hunting regulations and management strategirs. 

Eastern Canada is not included in these surveys because of obsenational and logistical 

difficulties associated with forested habitats and low densities of brecding waterfowl 

i Chamberlain and Kacqnski 1965: Kirby 1980). Trends in waterfowl populations in 

castern Canada have been rnonitored sincr 1954 using the Mid-Winter Inventory. which 

is conducted primarily along the Atlantic Coast of the United States. There is lack of 

consistency in the areas surveyed by the inventocy (Eggeman and Johnson 1989). and 

efforts are undenvay to improve the design of the Mid-Winter Inventory (Conroy et al. 

1988: Eggernan et al. 1997). In addition to questionable accuracy. another problem with 

thesr sumeus is that ihey count individuals fiom different breeding populations. Because 

of ~ar ious  problems with this survey. the merits of continuing it have been questioned 

( Heusmann 1999). 



The number of Black Ducks counted during the Mid-Winter Inventory declined tiom 

600.000 dunng 1955-60 to 300.000 during 198 1-1988 (Rusch et al. 1989). The Mid- 

Winter Inventory counts an estimated 20-33 % of the total American Black Duck (.-lnu.s 

r~rhripes) population during any given survey year. Concern over the decline in Black 

Ducks countrd during the Mid-Winter Inventory highlighted the need for surveys of 

brerding populations (Grandy 1983). Surveys of breeding Black Ducks in Atlantic 

Canada were initiated in 1985 (Erskine et al. 1990). 

Spatial autocorrelation and spatial anal ysis of survey data are ofien neglected componrnts 

of sun-ey data (Nummi and P o p  1995: Paquette and h e y  1996). The extent of 

spatial autocorrelation in survey data not only provides insight into factors responsiblr for 

obscn-ed population distributions (Legendre 1993). but cm have practical implications 

with regard to sunvey design (McKenney et al. 1998). and statistical analysis (Brito rr (il .  

1999). 

This chaptrr describes results frorn annual surveys of breeding Black Duck populations in 

New Brunswick and Nova Scotia using helicopters during 1985- 1999. and discusses the 

limitations of these data in estimating waterfowl populations and distributions. 

LMETHODS AND MATERIALS 

Breeding Waterfowl Surveys 1985 -1989 

Sampling Design 

.Annuai helicoprrr-based surveys of breeding waterfowl were conducted in New 

Brunswick and Nova Scotia during 1985 to 1989 according to a design by CWS (Erskine 

1 id. O .  In New Brunswick. the sarnpling design was for 5 km*5 km survey plots to 

br located on 1 50.000 National Topographie Series (NTS) map sheets in areas of 'good' 

Black Duck habitat. The NTS map sheets were selected at random. In New Brunswick. 

25 plots were sampled in 1985 and 41 plots were sampled during 1986- 1989. In Nova 



Scotia. plots were located on randomly selected NTS map sheets and plots were located. ' 

using placement to include some wetlands- but not always good Black Duck habitat.' 

(Erskine et al. 1990). One plot with high dduck densities was subsequently omitted From 

the surveys because of difficulties in obtaining accurate counts. In Nova Scotia data 

were obtained from approximately 45 plots during 1986- 1989. 

S u n q s  were conductrd by CWS staff using helicopters (Bell 2068 Jet Ranger). flying 

15 - 30 m above ground level. with speed reduced to a hover when required. The pilot 

and navigator!obsemer sat in front with one or two primary observers in the rear seats. 1 

participatrd in these surveys as a primary observer in 1988 and 1989. The navigator 

rcçorded all observations directly ont0 NTS map sheets with ptimary observers reporting 

waterfowl observations via the cabin intercorn. Al1 waterfowl observed were recorded by 

species. number and ageisex class. 

S u n q - s  wrre conducted in early May in order to maximise the proportion of Black 

Ducks sren as breeding pairs (Parker 1988: Parker 1989). Surveys were conducted in 

Nova Scotia during the second week of May. averaging about a week later than in New 

Brunswick. Pairs of Black Ducks represented 4045% of the total groups observed 

r Erskinr Cr cri. I W O ) .  Surveys were conducted throughout the day. with up to 9 hours of 

kiying time prr day. 

Black Duck Joint Venture Surveys 1990-1994 

Sarnplinq Design 

C W  analysis of data collected during 1985-89 indicated that a sample size of 100 plots 

across the Black Duck breeding range could detect a 10% population change in 5 years 

u-ith 90% power and 95% confidence (Bateman and Hicks 1995). New Brunswick and 



Nova Scotia were allocated 9 and 8 plots. respectively. of the 200 plots. These 10 km* 10 

km plots were randomly Located. 

In order to manage waterfowl populations at a provincial level. additional plots were 

suri-eyed by CWS in New Brunswick and Nova Scotia. In total. 25 plots were surveyed 

in New Brunswick and 75 plots were surveyed in Nova Scotia. This sample size could 

detect a 1 O?/& change in provincial populations in 10 years with 90% power and 95% 

confidence (Bateman and Hicks 1995). These additional plots were randomly selected 

from plots suweyed during 1985-89. Each old plot ( 5  km*j km) made up one quarter of 

thc larger 10 km* 1 O km plots. The 5 km*j km qudrats will be referred ro as PQüADs. 

whsrcas the larger 1 O km* 10 km survey plot will be referred to as PLOTs. PQEADs 

were $.en an alpha-numeric identifier consisting of the PLOT number and the lettrr A. 

B. C. or D drpending on whether the PQUAD was in the NE. SE. SW or NW corner of 

the PLOT respectively. in 1992. the location of two PLOTs in New Brunswick were 

çhnnged due to difficulties in getting an accurate count of high numbers of waterfowl. 

Nova Scotia sun-eys were flown by CWS staff during the fint week of May during 1990- 

94 as the! were during 1985-89. A separate crew tlew sumeus in New Brunswick during 

the first w r k  of May in 1990. Group size composition sugpsted that there were many 

migrant birds in these counts. so the timing of the New Brunswick survep \vas delayed 

until the second week of May in 199 1. During 1 992-94. surveys in New Brunswick were 

not conducted until the third week of May. In 1993 and 1994. a survey crew conducted 

the New Brunswick surveys afier completing the Nova Scotia surveys (Bateman and 

Hicks 1995). 

Suneys were conducted according to the procedure described for the 1985-89 surveys 

with the csception that there was only one primary observer and one secondary observer. 



Black Duck Joint Venture Surveys 1995 

Sarnpling Design 

Budget restrictions in 1995 resulted in only 10 and 9 plots being surveyed in Nova Scotia 

and New Brunswick respectively. These plots were selected at random from the 23 plots 

thiit were suneyed during 1992-94. Two plots that were selected at random were 

rcplaced with plots in closer proximity to the other selected plots to reduce among-plot 

t r û w l  time. Nova Scotia plots were t l o m  between May 2-5 and New Brunswick plots 

w r r  sumeyed between May 10- II (Appendix E - Table E 1 ). Surveys were conducted as 

describrd previously for the 1990-9-1 surveys. 

Black Duck Joint Venture Surveys 1996-1999 

Plots establishrd during 1985- 1989 and 1990-94 were incorponted into a redesigned 

s u n q -  that CWS initiated in 1996 (Collins 1999). Plots surveyed during 1996-99 will be 

rcferred to by their survey route numbers. Plots were 5 k m 3  km and placed in one of 

four groups. Sunrey routes in two groups were surveyed in any given year on a rotational 

basis. Groups A and B were surveyed in 1996. groups B and C in 1997. groups C and D 

in 1998. and groups D and A in 1999. Nova Scotia surveys were tlown the last week of 

April and first week of May: with New Brunswick sunteps subsequently tlowt~ during the 

tirst and second week of May (Appendix E - Table El). Surveps were conducted as 

drscribrd previously. 

Data In terpretation 

Location of Observations 



The universal transverse mercator ( U N )  coordinates of al1 waterfowl observations 

during 1986- 1993 were detemined using the 1 : 50.000 NTS map sheets. The location of 

thrsr observations were plotted ont0 Maritime Wetlands Inventory (WI) map sheets 

( Hanson and Calkins 1996). The wetland identification number was determined for 

observations that kll within the boundaries of wetlands included in the W. Many 

~vatertowI observations were Iocated on iakes and rivers that were not included in the 

net land inven to~ .  The lack of digital maps precluded using this geo-referencrd 

obsèn.ationa1 data in habitat models. 

Dstcmination of Indicated Breedinp Pairs (IBPs) 

The plumage of Black Ducks is sexually monochromatic which makss sex determination 

di fticult during helicopter-based survey S .  Various schemes have been used in di fferent 

j urisdiçtions and years to detennine indicated breeding pain ( IBPs) of Black Ducks 

( Bateman and Hicks 1995: Collins 1999: Erskine et cri. 1990. Ross 1985). In developing 

modcls of breeding pair distribution. i t  is important that the number of IBPs represents 

only territorial. breeding pairs and does not include pairs that are still rnigrating. When 

using this s u n q  data for trend analysis. it is not as critical to rxcludr pairs that ma'. stiil 

bc migrating - as long as the proportion of pairs that are still migrating and included as 

IBPs is annually consistent. Most Black Ducks observed during the s w e y s  were 

individuals of undetermined sex IBPs of Black Ducks were determined using the 

obscn.ationa1 data from the surveps and the following scheme: 

1 Femals 

2 Fernales 

1 Fernale with 1 Male 

1 Female with 2 or more Males 

2 Fsmales with 1 or more Males 

1 MaIe with O or 1 Female 

1 Male with 1 Unknown 

1 Male with 2 Unknowm 

= 1 IBP 

= 2 IBP 

= 1 IBP 

= 1 IBP 

= O IBP 

= I IBP 

= 1 IBP 

= 1 IBP 



I Male with 3 or more Unknown = O  IBP 

1 Unknottn = 1 IBP 

2 L'nknotn = 1 IBP 

3 Vnknown = O IBP 

Determination of IBPs for Other Watertbwl Species 

For othrr sprcies. breeding males could be differentiated from fernales based on plumage 

coloration. The protocol developed by the C WS Waterfowl Biologists Technical 

Committre. basrd on the presence of breeding plumaged males. was used to determine 

indicatcd breeding pairs (unpubl. report). For American Green-winged Teal (.4nus 

creccw). Wood Ducks (.dix sponsa) and Mallards (dnus plutyrhnchos). single males or 

males in groups of up to four individuals were considered indicative of one to four 

breeding pairs. .A group of three males and one female. which was infrequent. was 

dwmed to be a migrant flock and did not indicate a breeding pair. For Cornmon 

h1r.rgansc.r~ ( .\lrr,qzir mergunser) the same protocol was used as for the dabbling ducks 

prcviousl y mentioned. with the exception that a proup of three males and one femolo was 

considered indicative of three IBPs. Ring-necked Ducks (.4yîhyu collaris) have a latrr 

brtieding phenology than these surveys and hence there is a propensity for this specirs to 

bc in pre-breeding flocks. Males ( 14 in number) were considered ro be indicative of 

brwding pairs in tlocks of various sizes. If there were more than four males in the tlock. 

the tlock was considered migrant and the number of IBPs was determined to be zero. 

Visibility Correction Factor 

Visibility correction factors are commonly used for breeding pair surveys done from 

iisrd wing nircraft (Baldassarre and Bolen 1994). Visibility correction factors are not. 

howrver. applied to the helicopter-based BDM breeding pair surveys (Bateman 

pers.com.). The USF WS uses helicopter surveys to provide their visibility correction 

factors for fised wing surveys in the northeastern North Arnerica (Caithamer and 

Dubvosk~ 1 996). 



Geos tatistical Analysis 

The location of the BDJV survey plot centroid was determined and converted from 

latitude longitude (decimal degrees) to universal transverse mercator (UTM) easting and 

northing (metres) for Zone 20 (SPANS 1999). UTMs are cartesian coordinates from 

which distances between points c m  be calculated. For analysis of PQUAD data collecred 

during 1997-94. lag classes were established at 8.000 m intervals. with the maximum 

distance ( range) being 160.000 m. Lag Class I compared al1 pairs of s w e y  plots that 

w r e  less than 8.000 m apart. and would include a cornparison among PQUADs within a 

eiwn PLOT. Lrig Class 2 compared al1 pairs of survey plots that were between 8.000- 
h 

16.000 m apart. Most lag classes had hundreds of observations in them. with Lag Class 2 

having the smallest rnembership with only 54 pairs of observations. Lag Clriss 2 

compared PQUXDs with PQUiiDs in a contiguous PLOT. t g .  PQUAD 74C versus 

PQLXD 75.A. I t  is recomrnended that each lag class be represented by at least 30-50 

pairs of observations. although the greater the number of pairs of points. the greater the 

stntistical reliability of each lag class (Rossi rr al. 1992). 

Omnidirectional ( i.r. isotropie ) correlograms were created using GS+ (Robertson 1000). 

bloran's I u-as used to rneasure spatial autocorrelation. with values close to .O 

indicating a smooth surface. with each QUAD containine values very similar to those in 

neiphbouring PQCADs. and a value of -1 indicating a rough surface where neighbouring 

PQUADs have very dissimilar values (Eastman 1999). A Moran's 1 value of zero 

indicatrs no correlation. Variables with highly skewed distributions were log 

transformed prior to calculating Moran's 1 (Isaaks and Srivastava 1989). 

Because the 25 km2 PQUADs were located within the larger 100 km2 PLOTS. a nested 

random sffects mode1 (Proc Nested: SAS 1988) was performed. This analysis 

deteminrd the amount of variation in the mean nurnber of Black Duck IBPs during 

1997-94 that was espiained by arnong PQUAD differences compared to arnong PLOT 

di fferences. 



RESULTS 

Black Ducks 

During 1986-89. the mean number of Black Duck IBPs in New Brunswick survey plots 

ranged from O for Plot GP32 to 23 for Plot GP4 1 (Figure 4.1 : Appendix E - Table E?). 

Therc w s  considerable annual variation in the number of IBPs recorded. with the 

standard deviation often 50% of the value of the mean ( Appendix E - TabIe E7). The 

number of Black Duck IBPs in Nova Scotia plots wvas less than that observed for New 

Brunswick plots (Figure 4.1: Appendix E - Table E3). The number of IBPs ranged from 

O for Plot W12 to 7 for Plot C19. Annual variation in the number of IBPs recorded was 

ds» relatively high in Nova Scotia similar to that observed in New Brunswick (Appendix 

E - Table E3 ). 

During 1990- 1994. the survey design incorporated 5 km*5 km quadrats that were 

containrd within 10 km* 10 km plots (Figures 4.7 & 4.3). The timing and location of 

suneus in New Brunswick were modified in 1990 and 199 1. A paired t-test indicatrd 

that the mean number of IBPs in New Brunswick survey plots with constant location for 

the prriod 1990-94 was signiticantlg different than the rnean values for 1990-9 1 and 

1992-94 (Zar 1984: Appendix E - Tables E4 &Es). The location and timing of s u n e y  

for Nova Scotia plots remained consistent during the period 1990-94. Paired t-tests did 

not rcvral an) significant differences among time periods for Nova Scotia PLOTs 

i Appendis E - Tables E5 &E6). To eliminate annual variation that may have been due to 

differences in timing of surveys and ro be able to include plots whose location chaneed. 

the mean number of IBPs during 1992-94 was used as the index of nurnber of breedinç 

Black Ducks for a sunrey plot. It should be mentioned that the use of this statistic 

nsglects the considerable annual variation that was observed even during 1992-94. 

The number of Black Duck IBPs among PQUADs varied considerably (Figure 4.2: 

Appendis E - Tables E4 & E6). There was considerable variation in the number of IBPs 

among PLOTs (Appendix E - Tables E5 & E7). 



There was no significant difference in the mean nurnber of Black Ducks in New 

Brunswick survey plots during 1986-89 compared to the mean of 1990-94 (paired t-test. 

hppendix E - Table ES). Surveys in New Brunswick have been subject to the most 

change over the yrars with respect to timing. methodology. and observers. In contrast. 

there was a significant difference between 1986-89 compared to 1990-94 for Nova Scotia 

rurvry plots. çven though the rnrthodology stayed the sarne. Changes in Black Duck 

populations and survey methodologyhiming could potentidly be responsible for the 

obsrn-ed variation between suwey periods. Changes in IBPs in plots betsveen the two 

s u n q  periods indicate that validating habitat-based population models using data frorn 

plots sunsyed at difirent times could provide inaccurate parameter estimates. 

Sun.r?s conducted during 1990-99 have been analpsed for trends (Collins 1999: Collins 

1000: Figure 4.4). These tests for trends were based on estimating equation techniques 

iOr local populations developed for North American Breeding Bird Survey data (Link and 

Saurr 19%). The data for New Brunswick were partitioned into two subsets ( 1990-9- 

and 1993-98) due to the change in survey protocol described earlier ( i t  should be noted 

that the nnalysis performed by ColIins ( 1999) did not take into account the pattern of 

\.kits to the same plots over the years. although future analyses wiil). The rstimate of 

trends for sune). plots initiated in 1996 (Routes 56076-5609 1 and Routes 6505 1-65055) 

w r t .  based only on two gears data. whereas piots that were initiated in 1990 were based 

on up to 8 years data (Appendix E - Tables E9 and E10). The population weight retlects 

local population density. Trend precision is a measure of how many times the survey $vas 

run and how rvenly spaced in tirne the surveys were. Overall weight is the product of the 

population weight and the trend precision. Log dope is a measure of trend in the log 

sçalr. u-here the expected nurnber of IBPs in the next year is the count in the current year 

timçs csponent (log slope). Log siope values outside of the range of between -1 .O and - 
t .O are given as range limit values and are indicated by an asterisk. Trend precision 

rangcd from less than 1 for Routes initiated since 1996 to 170.22 for Route 5606 1. 



The o~erall  population trend for Black Ducks in Stratuml (New Brunswick. Nova Scotia 

and Gaspé. Quebec) was an 8.3% change per annurn. based on 58 local trend estimates 

( Collins 1999). Local trend estimates (Appendix E - Table E 10) for Nova Scotia plots 

sun-cyed since 1990 (Routes 65026-650050) were negative for 4 of 25 plots ( 16%). 

Trends for Nova Scotia plots established in 1996 were negative for 2 of 4 plots (50%). In 

Nc\v Brunswick. more plots had negative trends compared to Nova Scotia plots. The 

local trend estimates (Appendix E - Table E9) for New Brunswick plots surveyed since 

1990 (5605 1-56075) were negative for 7 of 24 plots (29%). In plots that were initiated in 

1996. the local trend rstimates were negative for 7 of 16 plots (44%). In addition to 

differencss amony plots in the direction of population change. there were also differences 

in the magnitude of this change. 

Other Species 

Althouph brecding pair surveys counted al1 waterfowl species. the usefulnrss of these 

sunrys for other species is limited by the timing of the survey ( c g .  Ring-necked Duck). 

l o ~  num bers obsrrved (cg. Mallard). ancüor low visibilitp ( e . g  Green-winged Teal). 

hl allards and Wood Ducks were absent from most survey plots in New Brunswick and 

Xova Scotia (Appendix E - Table E 12). Although Wood Ducks were observed 

infrequently. thcy were oftrn found on the same plots as Mallards. Plots where Mallards 

w r r  obsenrd included Plot 42 which is an area of high agncultural activity alone the 

Northumberland Strait. and Plot 58 which is located on the outskirts of a major urban 

centre. Sydney. Nova Scotia. Mallards were also observed in western Neiv Brunswick in 

a reg ion where Mallard populations have been increasing (Petne 1998). 

Ring-necked Ducks were observed on approximately 55% of the s w e y  plots (Figure 4.5: 

Appendis E - Table E l  3). The. are the second most abundant species of duck in the 

hlaritimes based on population and hanest estimates (Erskine 1987: Levesque and 

Collins 1999). Timing of surveys is early for Ring-necked Ducks. and hence their 

distribution during surveys may not accurately refiect their distribution during the 



breeding srasnn. Green-winged Teal were observed on approximately 50% of the survep 

plots (Figure 4.6: Appendix E - Table E13). Green-winged Teal are not as abundant as 

the Ring-necked Duck in previous population estimates (Erskine 1987) or harvest 

estimates (Lsvesque and Collins 1999). Common Mergansers were observed on 

approsimately 50% of the survey plots (Figure 4.7: Appendix E - Table E 14). 

Local trends for Mallards were calculated for 8 routes in New Brunswick and Nova 

Çcotia (r\pprndix E - Table El 5 ) .  The trend was no change or positive for 5 routes. The 

owrall trend for Stratum 1 was an increase of 43.2% per year based on a total of 10 

rolités. Estimated number of IBPs showed considerable variation during 1990- 1994 and 

incrensed markedly in 1996 (Appendis E - Table El 1 ). Local trends for Wood Ducks 

w r r  calculated for 13 routes. with rnost routes having increasing populations (Apprndis 

E - Table E 1 6). For Stratum I there was an overall increase of X8%. although annual 

cstiniatss of total IBPs varird considerably (Collins 1999). 

Local trends for Green-winged Teal were calculated for 25 routes in New Brunswick and 

1 -I routes in Nova Scotia ( Appendix E - Table E 17). Some routes had high positive 

slopes whereas othrrs had substantive negative slopes. with 30 routes having no change 

or a positke trend. The overdl trend for Stratum 1 was an increase of 19.3% per annum 

(Collins 1999). The cstimated population of Green-viinged Teal in Straturn 1 \vas 

variable during 1990-94 and increased when the new survey design was initiated in 1996 

( .-Ippendis E - Table E 1 1 ). OF interest is that Route 65048 outside of Sydney. Nova 

Scotia had decreasing trends for blallards. Wood Ducks. and Green-winged Teal 

( .-ippendis E - Table E 17). 

Local trends for Ring-necked Ducks were calculated for 28 routes in New Brunswick and 

70 routes in 'iova Scotia (Appendix E - Table E l  8). There tvas no change or a positive 

population trend in 38 of 48 routes. with the overail trend in Straturn I being a yearly 

incrrase of 1 1 -8% (Collins 1999). h u a i  estimates of Ring-necked Duck LBPs for 

Stntum 1 remained relatively constant during 1990-1998. with an order of magnitude 

increase in 1999 (Appendix E - Table E 1 1 ). 



Local trend estimates for Cornmon Mergansers were calculated for 21 routes in New 

Brunswick and 1 6 routes in Nova Scotia (Appendix E - Table E 19). There was a 

negative population trend in 16 of the 37 routes. with the overall trend in Straturn 1 being 

n yearly increase of 2.6% (Collins 1999). h u a l  estimates of Common Merganser IBPs 

for Straturn 1 remained relatively constant during 1990-1999 (Appendix E - Table El 1). 

Spatial Au tocorrelation 

4loran's I statistic for spatial autocorrelation was calculated for the mean number of 

Blnck Duck IBPs observed in PQUADs during 1993-94 using an èxtent. ix. active lag 

distance. of 160.000 m at 8.000 m intervals. Moran's I was 0.333 for Lag Class 1 where 

the averaer + distance of separation between pairs of observations was 3.697 m (Table 4.1 ). 

The magnitude of spatial autocorrelation was slight for Lag Classes 2-1. Lag Class 5 had 

the highest Moran's I value. 

Spatial riutocorrelation was somewhat higher for Ring-necked Ducks cornpared to Black 

Ducks as rvidrnced by higher values for Moran's I statistic for Lag Classes 1-6 (Table 

4 . bloran's 1 for Lag Class 1 was 0.425. Spatial autocorrelation in the distribution of 

.-Irnsrican Green-winged Tral IBPs was only cvident for the Lag Class 1 with a Moran's 1 

value of 0 . 3 9 .  For Cornmon Merganser spatial autocorrelation was evident only in Lag 

Classes 1 and 2.  with Mora's I values of 0.337 and 0.375 respectivrly. 

hloran's 1 statistic for spatial autocorrelation was also calculated for mean number of 

Blaçk Duck IBPs observed in survey plots during 1986-89. Extent. Le. active lag 

distance. was established at 160.000 m at 20.000 m intervals. Grearer distances for lag 

classes wrre used. compared to previous analyses. to ensure adequate sample s i x  in rach 

class and also because the survey plots were not nested within larger plots. The Moran's 1 

value was 0.743 for the 10 pairs of survey plots in Lag Class 1. with the average distance 

brtu-een plots being 13.171 m (Table 4.1). The high amount of spatial autocorrelation in 

La- Class 1 may result fiom the small nurnber of observations. There was also spatial 



autocorrelation among the 35 plots in Lag Class 2 with a Moran's 1 value of O . M .  No 

trend in spatial autocorrelation was observed at M e r  distances. 

Trends in local Black Duck populations (data from s w e y  routes) were also analysed for 

spatial autocorrelation using an active lag distance of 160.000 m at 20.000 m intervals. 

bloran's 1 statistic was similar for al1 lag classes (Table 4.3). The amount of spatial 

autocorrelation for trends in Black Ducks would appear to be less than that obsewed for 

the absolute number of IBPs. based on values observed for Moran's 1 statistic. This 

suy gests that di fkrenr landscape-level descriptors of habitat may be responsible for 

changes in local Black Duck populations compared to those responsible for the 

distribution of absdute nmbers of Black Duck IBPs. 

Results (rom the nested random effects analysis of variance for the mean number of 

Blnçk Duck IBPs observed during 1997-94. indicated that 33% of the variation could be 

esplaincd by arnong PLOT diflèrences. whereas 67% was due to arnong PQUAD 

di fft'rences. 



DISCUSSION 

Brrrding pair surveys for Black Ducks conducted by the Canadian Wiidlife Service and 

its partners in the Black Duck Joint Venture during 1986-1999 were designed specifically 

ior population trend detection (Bateman and Hicks 1993). The utility of these data in 

estimating local or regional populations will be influenced by how accurately the number 

of IBPs of waterfowl obsewed measure the actual population in the sumey area. Adult 

if-aterfowl are highiy mobile and able to tly in and out of survey plots. This mobility 

introduces variation in the nurnber of IBPs observed during any given survey. Repeated 

sunq - s  over a short period of time. using mark-recapture statistics. has identified this 

source of variation but has not led to development of correction factors (Parker 1988: 

Parker 1989). Visibility of waterfowl and methods used to calculate IBPs are also 

important sources of temporal variation. 

The visibility of adult waterfowl. i.e.. the nurnbet of birds present that went undetectcd in 

relation to habitat type. dunng these hrlicopter-based surveys is not k n o ~ n .  Althouph 

the visi bil ity of tctmtod pairs is much greater than broods. the fact that it remains 

unquantiîïed introducrs the potentiai for survey results to be inaccurate represrntations of 

local brerding populations. Visibility correction rates have been calculated for brood 

sun.eys among different habitat types conducted by helicopter (Gabor cr al. 1995). Some 

researchers have concluded that data collected from a single helicopter survey cannot be 

used to construct rstimates of absolute species frequency or density (DesGranges and 

Danxau 1985 ). Others have stated that helicopter surveys of breeding waterfowl in the 

Boreal Forest yive results comparable to those of ground surveys. with the qualifiing 

statemsnt that variability would mask small biases that could be present (Ross 1983). 

The visibility of large sized species is greater than srnaIl sized species during fixed wing 

suneys on the prairies. cg.. ground-to-air corrections range from 10: I for Green-winged 

Teri1 to 3 : 1 for the Mallard (Bddassarre and Bolen 1994). The 100 ?/O visibility 

ass umption for hel icopter-based breeding pair s w e y s  is rnost certainly suspect for small 

sprcies such as Green-uinged Teal if they do not flush upon approach of the helicopter. 



The methods used to define IBPs and the timing of helicopter pair surveys in relation to 

breeding season phenology could also have an important impact on the number of IBPs 

reported for a survey plot (Parker 1988: Parker 1989). Timing of surveys in relation to 

breeding phenology will influence the number of IBPs observed because Black Duck 

plumage is sexually monochromatic. Single Black Ducks are defined to indicate one 

breeding pair. If the? represent the territorial male. with the female unseen on the nest. 

t h  this conc1usion is correct. However, if the male and the female are observed 

scpriratsiy. they would incorrectly represent two IBPs. Two individuals observed 

togethsr rrpresent one IBP but if they are two males with the hens unseen on the nest. 

the)- renlly represent two [BPs. Group size analyses and multi-stage sumeys have been 

conducted to investigate annual variation in phenology and detemination of IBPs 

I Erskins ct cil. 1990: Parker 1989). There is. however. no accepted mrthod by which to 

correct for annual variation in phenology therefore annual variation in determination of 

IBPs continues to contribute to annual variation in population estimates. 

Annual variation in the number of IBPs counted during these surveys may indicatr that 

the populations are relativelu dgnarnic. or that surveys counted a variable proportion of 

the population each yex.  The use of the mean tiom three years data ( 1992-94) vil1 

simplify the determination of reiationships between habitat factors and Black Duck 

brecding distributions. but should not obtùscate the fact that annual variation rxists. 

Hiyh annual variation in IBPs will lead to habitat-based population estimates thar will 

have large confidence limits. 

.-ln independent assessment of the distribution of Black Duck IBPs based on plots 

sunryrd during 1990-94 cm be done using data collected on spatially independent plots 

suneyed during 1986-89. The availability of nvo different data sets allows for an 

independent assessment rather than an assessrnent based on statistical techniques likr the 

bootstrap (Beutel n 01. 1999). It should be noted that these two data sets represent 

different time periods and that temporal changes in waterfowl populations could 

potentially confound this analysis. 



Rrlatively low numbers of Mallards observed on the s w e y  plots preclude a landscape- 

lève1 analysis of their distribution and abundance. In Ontario and Quebec. Black Ducks 

and Mallards are currently synpatnc or have been in the recent past (Ankney et al. 1987: 

Carriere and Titman 1999: Merendino and Ankney 1994). The low nurnbers of plots 

where hlallards occur in New Brunswick and Nova Scotia make any analysis of their 

spatial distribution anecdotal and would not elucidate reasons for changing Black Duck 

and Mallard populations in eastem North America. Aenal surveys of the Saint John 

Riwr and associated tloodplain wetlands indicate that Mallards are fairly cornmon (Petrie 

1998). blallards are also present in various areas of the  maritimes where urban centres 

have been the source for populations to expand into adjacent agricultural arras. beaver 

ponds. and coastal marshes (Parker and Barrow 1989). 

Although the Green-winged Teal is the fourth most prevalent species in the hanest in 

k i r .  Brunswick and Nova Scotia it did not occur in 60% of the PQUADs during 1997-9-1 

and \vas not obsrnred every year on another 25%. 

King-nrckrd Ducks are the second most prevalent species of duck in hanest estimates 

for New Brunswick and Nova Scotia. Although the timing of the survey is sub-optimal 

for Ring-necked Ducks. IBPs were observed on over half of the survey plots. Although 

Common Mergansers do not figure prominently in hwest  estimates. they are killed 

during the hunting season because their diet includes fish ( M i t e  1957). Knowledge of 

the distribution and population of Common Zvlergansers is important in light of continucd 

calls for a cull. Common Mergansers were observed on roughly half of the s w e y  plots. 

The cstimated number of indicated breeding pairs of Black Ducks in Stratum 1 (NB. NS 

and the Gaspé region of Quebec) in 1998 was almost twice that estimated for 1994 

(Coilins 1999). Compared to the Prairie region of North Amerka. the Maritimes do not 

rsprrience great annual fluctuations in wetland habitat quantity and quality in early 

spring. Changes in IBPs observed over a 5-10 year period could be due to changes in 

habitat quantity and quality due to beaver activity (Payne and McInnis 1993) or 



hgpothcsized increasing BIack Duck populations due to changes in s w i v a l  rates (Francis 

ct trl. 1998.). 

Hanest regulations have remained reiatively constant in Atlantic Canada during the past 

deccide. with h m e s t  of Black Ducks decreasing somewbat during this time period. In the 

Cnitrd States. restrictive hunting regulations were implemented in the mid 1980s and 

resultsd in a dramatic decline in harvest (Francis rr al. 1998.). The 8% increase in Black 

Duck populations in Stnturn I may reflect increasing popuiations resuiting from 

increased sun.iva1. Another explanation is that changes in population estirnates retlect 

changes in which plots were surveyed within that given year. Evidence for this 

rsplanation is provided by the dramatic increase indicated in 1996 compared to sarlier 

rime periods. The ncw rotational survey design based on 5km * jkrn plots was initiatrd 

in 1 996. .-Inother increase was indicated in 1998 and 1 999 when new plots (Group D) 

w r e  brought into the rotation (Collins 1999). I f  the true population of Black Ducks in 

the plots comprising Stratum 1 varied by an order of magnitude behveen 1990 and 1999. 

whi le habitat conditions remained unc hanged. then habi tat-based regional population 

cstimates bûsrd on ihese plots could also vary by an order of magnitude. 

Habitat-use studies are most informative when the distribution of individuals reflects 

habitat quality (Home 1983). Large annual variation in waterfowl populations would 

indicate that cither habitat conditions change markediy from year to year or that density 

dors not always equate with habitat quality (Hobbs and Hanley 1990). Determining if 

relationships rxist between habitat conditions and local trends in IBPs d l  help address 

this question. 

When the BDJV sunreys were designed in 1990. the statistical consequrnces of the 

numbsr of suney plots were considered (Bateman and Hicks 1995). However. the 

consequences of spatial distribution of survey plots were not considered. The change 

from 5 km* 5 km plots during 1986-1 989 to 5 k m 9  km plots nested inside larger 1 O 

km* 10 km plots changed the independence of the sampling plots. Fortunately. there was 

considerable variation in the number of Black Ducks [BPs arnong PQUADs aithin a 



oken PLOT. with the majority of explained variance bcing due to among PQUAD b 

variation. cornpared to among PLOT variation. Survey data indicate that potential 

statistical problems with the nested design were not as great as they could have been. 

From the overall perspective of spatial autocorrelation. Moran's 1 statistics for IBPs of 

Black Ducks. Ring-necked Duck. Amencan Green-winged Teal. and Common 

Merganser indicates some spatial autocorrelation arnong PQUADs within the larger 

PLOT. The magnitude of this autocorrelation among PQUADs is not very high in 

nbsolutr trrms or relative to that observed for distances up to 10 km away. 

The otlier spatial consideration with respect to sampling design of waterfowl suneys is 

plot sizc. Sampling unit size must be relevant to the ecological process under 

consideration ( McGwipûl and Marks 19953. In terms of Black Duck suneys and habitat 

modelling (sre Chapter 5). the sampling unit should be roughly equivalent to the s i x  of 

the home range ( Beutel ri ul. 1999). The home range of Black Ducks is in the order of 1 - 
3 kni indicating that the 5 kmt5 km PQUXD may be a more appropriate scalr than the I O  

km* 10 km PLOT ( Ringelman and Longcore 1982: Ringelman et al. 1982). The use of 

srna1 ler spatial scales such as individual wetlands increases the probability that waterfowl 

distributions do not retlect habitat quality from the standpoint of breeding fimales or 

broods. Breeding pairs may be using wetlands in the early spring for loafing or for 

territorial reasons. with adjacent wetlands being most important for broods. Watrrfowl 

s u n q s  crin now be recorded using laptop cornputers with inteprated GPS units. allowing 

for the location of each individual tvaterfowl obsewation to be recorded (Butler et uf. 

1 9 9 5 ~  Butler rr al. 1995b). The completion of h l ly  digital geo-referenced wetland 

inventories for New Brunswick and Nova Scotia will allow for future analyses of 

watrrfowl distributions in relation to habitat characteristics at various spatial scales. 
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Lag / Average 

Class Distance 

(metres) 

No. 

Pairs 

Moran's 1 

ABDU 

log(+ 1 ) 

0.333 

0.141 

0.247 

0.206 

0.363 

0.005 

0.1 18 

0.128 

-0.01 1 

-0.022 

0.00 1 

-0.07 1 

0.09 

0.1 13 

-0.1 14 

0.079 

-0.0 1 1 

-0.009 

0.02 1 

-0.043 

Moran's 1 

RNDU 

log(+ 1 ) 

0.425 

0.393 

0.23 

0.343 

0.343 

0.138 

0.062 

0.098 

-0.0 1 8 

-0.04 

0.009 

O. 176 

0.02 

0.143 

-0.029 

0.088 

0.026 

0.0 1 1 

-0.052 

-0.059 

Table 1. I - Moran's 1 spatial autocorrelation statistics for distribution of Amencan Black 

Ducks (ABDU). Ring-necked Duck (RNDU). Amencan Green-winged Teal( AGWT). 

and Common Merganser (COME) indicated breeding pairs (IBPs) in New Brunswick and 

Nova Scotia 1 992-94. Active 1ag distance was 160.000 m. at 8.000 m intervals. 

Moran's 1 

AGWT 

Moran's 1 I 
COME 

log(+l) 1 log(+l) j 

0.239 

O. 106 

-0.032 

-0.037 

0.1 16 

0.097 

0.3371 

0.3751 
t 

0.0221 
1 

0.1 t j  

0.0281 
I 

0.252/ 

0.0991 O. 1831 

0.207 0.071 

0.025 -0.00i! 

-0.008 ( 0.092 1 
, 

0.0041 0.0271 
1 
1 

-0.0961 0.0971 



Lag 1 ~ v e r a ~ e l  Nurnber of 
Class i Distance (m)/ Observations 

- - 

Moran's 1 

Table 4.2 - bloran's I spatial autocorrelation statistic for distribution of American Black 

Duck indicated breeding pairs in New Brunswick and Nova Scotia 1986-89. Active Iûg 

distance was 160.000 m. at 20.000 m intervals. 

Table 4.3 - Moran's I spatial autocorrelation statistic for distribution of trends in 

.\rnerican Black Duck local populations in NB and NS during 1990-99. Active lag 

distance \vas 160.000 m at 20.000 rn intewals. 

Class Dis tance (m)l ~bservationsl 
1 14351 181 O. 1 

2 30284 51 / O. 1 94 
3 l 4958 1 

4 70270 

58 
76 

0.0 12 

0.0 13 

5 900301 125 
6 1092301 116 

7 1297861 1 06 

0.049 
-0.205 

-0.04 

8 1497891 1791 -0.023 
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CHAPTER 5 - MODELLWG WATERFOWL BREEDING PAIR 

DISTRIBUTIONS IN THE MARITIMES 

INTRODUCTION 

This chapter esamines the ability of landscape-level descnptors of habitat to explain the 

number o E indicatcd brerding pairs ( IBPs) of Amencan Black Ducks (.-Inas rzrbriprs). 

Ring-necked Ducks (.-Ij*rhya collaris). Cornmon Mergansers (,Llergzis merganser). and 

..\rnerican Green-winged Teal (Anas crecca carolinensis) observed in s w e y  plots in 

Ssiv Brunswick and Nova Scotia during 1992-9.1 (Bateman and Hicks 1995). Data 

eollrcted on Black Duck IBPs during 1986-89 (Erskine et al. 1990) in spatially 

indepcndent sume- plots were used to validate rnodels that were derived using 1992-94 

data. This chapvr nlso investigates the relationships between landscape-Ievel habitat 

conditions and trends in local Black Duck populations during the pet-iod 1990-99 (Collins 

1 990 ). For a drtailrd description of survey rnethodology and results see Chapter 4. 

Blnck Duck Reproductive Ecology 

The number of breeding pairs of Black Ducks in a given a r a  reflects female philopatry. 

territoriality. habitat selection by the pair. and brood habitat selection by the female. 

Pairs are known to utilise territories of between 1 - 3 km2 (Ringelman rr al. 1982: 

Seymour 1 990: Wright 1954). and females moving broods several kiiornetres is not 

uncornmon ( Ringelman and Longcore 1982: Seymour and Jackson 1996: Tufts 1986). 

Prwious studirs have shoun that female Black Ducks will nest in a variety of habitats 

and locations ( Coulter and Miller 1968: kementz er al. 1992: Stotts and Davis 1960; 

r i t  1 9 ) :  hence there is not suong selection of habitat based on nest site 

requirerncnts. 

blany species of waterfowl exhibit female philopatry. whereby the female re tms  to 

breed in the area where she was bom or nested previously (Johnson and Grier 1988: 



Anderson and Titman 1992). The degree of female philopatry varies. but can be vep  

exact. with the female retuniing to nest under the same bush in consecutive years 

(Coulter and Miller 1968). Philopatry is more pronounced for females that successfully 

raise a brood than for femalrs that are unsuccessful (Seymour 1991). Philopatry results 

in more females (al1 age classes) returning to areas where broods can be successfully 

raissd. there by rein forcing good decisions regarding habitat seiec tion. 

Differences in territorial behaviour among waterfowl species is correlated with 

diffrrencrs in habitat type and body size (Anderson and Titman 1992: Nudds and Ankney 

1 982). Uïthin a givrn species. such as the Black Duck. territorial behaviour c m  vary 

accordhg to habitat type ( Hughson 197 1 : Ringelman et al. 1982: Seymour 1990: 

Scyiour 1992: Seymour and Titman 1978). Territoriality in Black Ducks. regardless of 

whethrr i t  ultimately reduces multiple paternity within broods. or cornpetition for the 

food rrsourcrs critical to nesting fernales and growing ducklings. makes the distribution 

of pairs and broods more uniform than it othenvise would be. 

Thc n d  for more information on habitat use and habitat selection by Black Duck pairs 

and brood-rearing femalrs was expressed by man. at the Black Duck Symposium in 

1968 (r\ddy 1968). Some believed that breeding habitats and nest sites of Black Ducks 

w r e  so diverse that the presence of water tvas vinually the only characteristic houn to 

he common to breeding sites (Palmer 1976). During the last 30 years. many studics have 

re fined our knowledge of the habitat requirements of breeding Black Ducks ( c g . .  Table 

5.1 ). In these studies. certain environmental variables were correlated with habitat use 

and reproductive success of pairs and broods. These studies were. for the most part. 

çonducted in different areas and in different years. 

.-\ shoncoming of such observational. correlative studies is that they do not prove cause 

and effect (Savard rr ni. 1994). If the sarne variables are not measwed in al1 studies. then 

different mriablrs can be significant even though they represent the sarne ecological 

process. For csarnple. a study in New Brunswick (Parker et al. 1992) found increasing 

acidifïcation of surface waters to be beneficial for Black Duck broods. whereas in most 



srudies increasing acidification was detrimental (Rattner et al. 1987). The difference was 

that in the New Brunswick study. high acidity lakes were without fish, whereas 

circumneutral M e s  had high fish populations which competed with ducklings for 

invrrtebratr prey. Another example related to acidity is that the influence of Iow pH can 

br offset by high nutrient availability. a situation most likely to occur due to direct or 

indirect anthropogenic nutrient inputs (Melanson and Payne 1988: Staicer er al. 1994). 

The problem with spurious correlations becomes more pronounced if variables are highly 

çorrelatcd with rach other. Many parameters of chemical limnology are highly correlated 

with sach othrr (Gorham et al. 1998). The sipnificance of any one aspect of chemical 

lirnnology nerds to be cvaluated in terrns of the biogeochemical process that it represcnts. 

Wetland Productivity - Habitat Selection Factor versus Limiting Factor 

.-1 distinction nerds to be made brtween a limiting factor and a factor that just intluences 

habitat use. For rsamplr. although Krapu (Krapu 1979: Krapu 198 1 ) and Reinrckr 

( Reinrcke 1977: Rrinecke 1979) showed that invenebrates are an important food source 

for breeding Mallards and Black Ducks. there is still ongoing debate over whether food 

limits reproductive success of Black Ducks (Longcore et al. 1998: Porter 1993: Seymour 

and Jackson 1996). The fact that females take their Young to wetlands high in 

invsrtrbrate resources is what is important from the perspective of habitat selection 

i Ringelman and Longcore 1982; Seymour and Jackson 1996) 

In two recent studies. wetland productivity did not correlate with brood size (Seymour 

and Jackson 1996: Longcore rr al. 1998). The fact that wetland productivity was not 

çorrriated with brood size in a given study does not disprove the hypothesis that. certris 

purihics (ail other thing being equal). increased food availability will increasr duckling 

sun-ka1 (Cox er al. 1998). Nor does it discount the fact that females take their broods to 

axas rich in invertebrates (Longcore et al. 1998: Seymour and Jackson 1996). It is 

intrresting to no te that mean brood size reported in Nova Scotia was 7.05 (Seymour and 

Jackson 1996). compared to 4.0 and 5.0 observed during two years of study in Maine 

( Longcore rr ul. 1998: Seymour and Jackson 1996). Variation in brood sizes indicates 



the importance of incorporating spatial and annual variation in population models 

( Conroy el u1. 1 995: McKenney et of. 19%). 

The importance of wetland productivity can also be inferred fiom the observation that in 

Maine. Mallards and Black Ducks predorninantly used wetlands located in agncultural 

landscapes. resuiting in most broods being produced in agricultural areas (Longcore ri ul. 

1998). Furthemore. two wetlands receiving anthropogenic nutnents had a high number 

of waterfowl broods obsenved on them. with high numbers of ducklings per brood. 

Similnr results Lvere reported in Sweden. where higher densities of wild Mallard pairs and 

ducklings were obsemed on nutrient rich lakes versus nutrient poor lakes. and higher 

gronth rates of human-imprinted Mallard ducklings were observed on lakes with abovr 

average phosphorous levels (Sjoberg er al. 2000). 

Part of the debate about the importance of wetland productivity to Black Ducks arises 

froni misintcrprrtation of Reinecke's work in Maine (Reinecke 1977: Reineckr 1979: 

Rsinrckc and Owen 1980). For cxample. Kirby ( 1988) stated. "Food quality and 

qunntit!. do not seem to be limiting for either adult female (Reinecke and Owen 1980) or 

y u n g  ( Rrinecke 1977) Black Ducks in inland Maine or sirnilarly productive freshwater 

wctlnnds" . Seymour and Jackson ( 1996) stated. "....reproductive succrss of adult fernale 

black ducks ( Reinecke and Owen 1980) and survival o f  ducklings (Reinecke 1977) are 

not limited by food in Maine". 

i t  must be stressed and clarified that Reinecke's work showed that fernales lost weight 

during cgg laying. and that the nutritional composition of invertebrates was not limiting 

\vaterfou-l nutrition. Reinecke ( 1 977). when discussing Black Ducks stated. "If food 

limits drnsities in Maine it operates through quantity rather than quality". Reinecke 

could not address the question of food-quantity limiting reproductive success in Black 

Ducks due to difficulties in quantihihg invertebrate resources. The conclusion of 

Reinrcke and Owen (1980) is that food quality does not Iimit the density of Black Ducks 

nrsting in Maine. 



Habitat Selection 

The number of Black Ducks within a given area is ofien positivelp correlated mith the 

amount of surface water such as wetlands. streams. and small Iakes (Table 5.1). With 

increasing diversity of wetland type and shoreline irregularity. there is increased use by 

Black Duck pairs and broods. Wetlands with an irregular shoreline provide visual 

isolation which has been showm to be important to Black Duck pairs (Hughson 1971: 

Mrndall 1949). Bèaver ponds are known to be favoured habitat for Black Duck pairs and 

broods (Table 5.1 r. Beaux ponds have katures such as emergent cover. tlooded timber. 

abundant invertebrates and high p n m q  productivity. that have been show to br 

positiwly corrrlated with habitat use by pain and broods (Table 5.1 ). Emer, nent cover 

and brrsted wetlands/tlooded timber may b t  preferred by pairs and broods because the? 

offer \.isual isolation and escape cover. as well as a higher abundance of invertebrates. 

Salt marshes are also known to be an important habitat type for Black Duck pairs and 

bruods. The mising of nitrogen-lirnited marine waters with phosphorous-limited tirsh 

warrr producrs high prirnary productivity ( Bertness 1 999: Teal and Tral 1969). The ta11 

cmergrnt vepetation (Sparrina spp.) in salt manhes also contributes to habitat suitability. 

Feniale Black Ducks. ceteris paribus. prefer habitat with minimal human disturbance. 

The correlation brtween human disturbance. agricultural activities. anthropogcnic 

nutrients. and fertile soiis. may lead to a spurious correlation between habitat selection 

and human disturbance. This may explain why female Black Ducks selected habitats 

with increased human habitation in one study area (Conrad 1993). 

Inwtebrates are the chief food source of egg-laying female Black Ducks and young 

diicklings ( Reinecke 1 977: Reinecke 1 979) and hence broods and pairs otien select 

\\-etlands with high invertebrate abundance (Table 5.1). Invertebrates c m  be correlated 

with both chernical limnology and aquatic vegetation (Courcelles and Bedard 1979: Km11 

1970: Reinecke and Owen 1980). Fish c m  reduce the population of invertebrates and 

therrfore fernales will avoid utilizîng wetlands where competition with fish for 



invertebrates would be high (Beattie and Nudds 1989: Cox er al. 1998). The relationship 

between invertebrate abundance and water chemistry c m  be confounded by high 

densities of fish. 

Pairs and broods tend to avoid acidic surface waters because they are ofien oligotrophic 

with low a\-ailabilitp of invertebrates (DesGranges and Darveau 1985). Calcium nch 

invenebrates. which are an important food for egg-laying females and growlng ducklings. 

rire absent from acidic wetlands (Rattner rr al. 1987). 

Modelling at a Landscape-Level 

In rcccnt ycars. many studies have quantified habitat use by breeding Black Ducks 

( Bo\vcs and Kehotl 1994: Conrad 1993: Dieknbach et ai. 1996: Dieknbach and Owen 

1989: Hughson 197 1 : Krementz et al. 1997: Lewis and Garrison 1983: Parker er oi. 1992: 

Petrie 1998: Pollard 1996: Ringelman and Longcore 1981: Staicer rr cd.  1994). These 

studies have  show^^ that. drpending on the methods and location of the study. certain 

habitat characteristics are correlated with pair densities and reproductive succrss. These 

studirs have. howrver. been spatial1 y restricted and examined third and fourth order 

habitat selection. Le.. rneso- or micro- scale (Johnson 1980). The extrapolation of these 

studies to larger spatial scales is not practical because of the site specific nature of the 

data. The development and utility of spatially-explicit population models are ofirn 

limited by the cspense required to develop the data base (Karl et ai. 1999: Turner er al. 

1995). To examine habitat use by breeding Black Ducks at the landscape-bel ( ir. hst 

and second order habitat selection. sensri Johnson 1980). variables need to describe the 

proccsses listed in Table 5.1 and be available for al1 of Nova Scotia and New Brunswick. 

Stntistical models can be viewed as parsimonious representations of the unanainable tmth 

(Burnharn and Anderson 1998). In recent yean. many of the implicit assurnptions of 

~vildlife-habitat models have been elucidated (Beutel et al. 1999: Hobbs and HanIey 

1990). blodels were developed based on u priori hypotheses about habitat selection. 



In this study. landscape-level will refer to the 5 km* 5 km and 10 km* 10 km survey plots 

(s re  Chapter 4). The spatial arrangement of habitat patches within survey plots was not 

measured. In most landscapes. total area of suitable habitat wiH be of greater importance 

than its spatial arrangement. especially for landscapes with a high proportion of suitablr 

habitat ( Andren 1994. From the perspective of bird populations. arbitrary topographic 

boundaries have little rcological relevance (McGarigal and Marks 1993). especially for 

ndult ducks which are highly mobile. 

From the perspective of tlightless Young Black Ducks. it should be noted that wetlands in 

the Maritimes tend to be hydrologically connected. thereby providing aquatic travel 

corridors. Black Duck broods have been observed to travel several kilomeues along 

watcnvays to larger brood rearing areas (Ringelman and Longcore 1982: Seymour and 

Jackson 1996). This is in contrast to the Prairie pothole landçcape. which is characterisrd 

by hydrologically isolated wetlands with females having to move broods overland 

h c t w x n  wetlûnds (Rotella and Ratti 1992). In the highly îi-agmented Prairie landscape. 

n here littlr iretland habitat is lefi. spatial arrangement of habitat patches will be 

important ( Andrcn 1 994). A measure of the connectivity of habitat patches within sune! 

plots \\.ris obtained from the Maritime Wetland Inventory which describes the 

juxtaposition of each wetland in relation to aquatic habitats ( Hanson and Calkins 1996). 



METHODS 

Variable Selection 

Landscapr-levei descnptors of habitat were developed and described in Chapter 2. 

Variables describing chernical limnology and waterfowl survey data were developed in 

Chapter 3 and Chapter 4 respectively. The term PLOT refers to 10 km* I O  km plots 

sun-cyed during 1992-94. whereas the term PQUAD refers to 5 km*j km plots that were 

nestsd within the larger PLOT. 

Variables were log-transfonned pnor to analysis to improve nomalitp and reduce 

ht.tctrogenrit>. of variance (Ott 1988). W values indicated normal or near normal 

distributions (Table 5.2). The square root transformation. which is otien used for data 

itith an underlying Poisson distribution. did not produce higher W values for IBPs than 

log transformation. 

Global Models 

Cilobal models w r e  developed from the over 100 habitat variables previously created. 

The nurnbcr of structural parameters in global models did not rsceed 10% of the sarnple 

sizs to minimise the potential of overfitting the mode1 to the data (Bumham and 

.Anderson 1998). Tu-enty variables were selected to be included in global models bascd 

on hiological processes known to affect the distribution of Black Duck breeding pairs and 

broods (Table 5.1 ). Global models were also selected for Ring-nrcked Ducks. Comrnon 

bltirgansers. and Green-winged Teal based on factors known to affect the distribution of 

pairs and broods of these species at local spatial scales. 

Variables selected for inclusion in global models are listed in Table 5.2. dong with a 

rekrence to where in the thesis the variable is described in detail. If two similar statistics 

of the same variable are listed in Table 5.2 (e-g.. maximum Golet Score [MXSCOR] and 

rnean Colet Score [(MSCOR]). only one of the variables would have been included in the 



dobal model. Reasons for which statistic was used to describe a variable are discussed in 
L 

the Results section. The global model for survey data collected during 1986-89 

(validation data) did not include any water chemistry related variables. 

Total area of lakes (LS IZEL) was used in global models as a measure of total surface area 

of lakes. Total number of Ides  (LTOTLAK) was included in global models because 

Black Ducks are known to use small shallow lakes in preference to large deep lakrs 

(Table 5.1 ). Watertowl are known to use lentic habitats: therefore mean Stream density 

I LSSTM) Las included in global models. The total number of wetlands (TOTAL) w*as 

inçluded in global models because Black Ducks prefer spatiallyivisually isolated habitat 

(Srty-nour and Titman 1978). Total area of wetlands (LSSIZE) was included as a 

nmsur t .  of total wetland habitat. Median size of wetlands (MDSIZES) was included in 

modcls bccause Black Ducks prefer small emerçent marsh wetlands. Large wetlands in 

the Maritimes tend to be large peatland complexes (Hanson and Calkins 1996). 

Bugs. becriuse of their acidic and oligotrophic nature. are not good habitat for Black 

Ducks compared to other wetland types (Table 5.1 ). The percentage of wetlands haviny 

bog as thrir dominant class (PB) was therefore included in global models. The variable 

iiescribing the percentage of the area containing soi1 polygons in bog categories 

i LSFBOG) \vaas aiso included in global models. LSFBOG provides a measure of 

presencr of acidic and/or dystrophic conditions using a national database. 

Either median Golet Score (MDSCOR). mean Golet Score (MSCOR) or masimum Golet 

Score (XISSCOR) were included in global models to represent a wetland's wildlife- 

habitat potential (Golet 1978). The median or mean score provides an index io the 

overall wildlife habitat potential of the survey area (PLOT or PQUAD) whereas the 

niasimum score describes the best wetland. The median \vas used instead of the msan in 

order to minimize the effects of outliers in some models. 



Standard deviation of elevation (LELVSTD) was included because strearns in areas of 

strep topography would not be good habitat for Black Ducks because they would be 

quick Howing. have rocky substrates. and have highiy variable water depths. 

Total area ofsalt marshes in. and adjacent to. the survey plot (LSALTHA) !vas included 

in global rnodels because BIack Ducks are known to use sait marshes as pair and brood 

rearing habitat ( Seymour and Jackson 1996: Seymour and Titman 1978). 

The total number of buildings within the survey plot (LB UILD) was used as a measure of 

liumm habitation and disturbance. Black Ducks have been h o t m  to avoid areas of 

human habitation ( Diefenbach and Owen 1989). The iîtal length of roads within the 

sune!. plot (ROAD) was used in global models as a measure of human disturbance 

through the direct impact of the road (Findlay and Bourdages 1000) and as an index to 

torcstry activities. 

The minimum temperature during the prowing season (TMINGS). which included the 

months of May. June. M y .  and August. was included in global models. Both p r i r n q  

and secondary productivity c m  be affected by tempentue. The total precipitation during 

the grouing season (PPGS) was included in global models because wetland hydrology 

and biogcochemistry can be affected bu precipitation. Areas with a high amount of 

precipitation ma! have increased leaching of soi1 nutrients. Climatic factors are also 

important brcausr the survival of ducklings c m  be reduced during periods of cold wet 

weather dur to increased energy demands for thermoregulation and decreased food 

abundance (Cos ri ni. 1998; Mauser er al. 1994). 

Total nitrogen and total phosphorous are the limiting nutrients in freshwater systems and 

thrrefore Irast-squares mean (lsm) total nitrogen (Nl)  and Ism total phosphorous (P 1 ) 

n u e  included in global models (Bedford ei ul. 1999: Mitsch and Gosselink 1986: Wetzel 

1983). The lsm score for the first principal components mis (PCAI) and Isrn score for 

the second principal components avis (PCAZ) were included in the global mode1 because 

they summaised a variety of aspects of chernical lirnnology of wetlands related to pH 



and nutrients respectively. Al1 four water chemistry related variables (TN. TP. PC 1. 

PC7) aere included in global models for several reasons. .4lthough PC scores summarise 

man). aspects of chemical limnology. theu c m  also make the interpretation of models 

somewhat more convoluted. From a logistical standpoint. if nitrogen andor phosphorous 

concentrations add more to the explanatory power of the model than PC scores. it is less 

costly to analyse water sarnples for these parameters than for a whole suite. Lastly. it 

should be noted that histoncal data may not be available for al1 parameters included in 

the PC scores. 

Variables assoçiatcd with soil polygons that had no direct relationships with wetland 

rçolog- and habitat selection by waterfowl ( c g . .  rooting depth) were not included in 

global models. Some soi1 attributes and wetland attributes. that rnay have been 

landscripe-level descriptors of habitat. were not included in global models because the) 

cfid not vary much among PQUADs or PLOTS (e .g . .  calcareous class of soil. surrounding 

habitat cover for ivetlands. CL1 scores). Variables that were not available for both 

provinces were not included in global models: othenvise separate models would have 

had to be developed for New Brunswick and Nova Scotia. 

Global models rrpresented a parsimonious tint step in modelling. The 10 variable 

rnasin~um did not result in the omission of variables from global models that were Mt. '1 

priori. to bt: potsntiallp important to the model. If global models did not adequately 

csplain the variation among survey plots in number of breeding waterfowl. then an ud 

hoc approach could have been utilised if needed and explicitly stated (Buniham and 

.-inderson 1998). 

Mode1 Selection 

Log transformation of the mean number of indicated breeding pairs (IBPs) produced a 

distribution doser to a normal distribution compared to square root transformation. 

Count data often approximate a Poisson distribution and square root transformations will 

normalise these distributions. It should be noted that the mean number of IBPs during a 



three-year period is a continuous variable indicating density and not counts per se. 

Linsar regression analysis was used for rnodelling (PROC REG. SAS 1988). Linear 

rcgression models are consistent with a parsimonious approach to modelling and a desire 

not to overfit the model to the data. compared to using generalised linear models with a 

log link function for a Poisson distribution (PROC GENMOD. SAS 1999). Bivariate 

scatter-plots and (i priori knowledge of habitat selection by waterfowl suggested that the 

relationships between variables in the global model and response variables ( c g . .  B lack 

Duck IBPs) would be Iinear additive (Tabachnick and Fidell 1989). 

In addition to the global model. lower order models were developed based on (1 priori 

knowlrdge of habitat selrction by Black Ducks. Models with the 10 highcst R' values for 

crich mode! size w r e  also computed in order to identify combinations of variables in 

highzr ordcr models that had high explanatory power (PROC REG 1 Selection = 

RSQCARE Brst= 1 O: SAS 1988). Aikake's Information Criterion for small sample sizrs 

i .AICC 1. was calculated using AIC values produced by PROC REG (SAS 1988) and the 

torrnula supplied by Burnham and Anderson (1998). AICc is recornrnendrd when the 

ratio b s twen  sample size and parameters is less than JO. Models did noi include 

intrrcepts becausr most habitat variables were non-zero. positive values. 

Suitability of rnodels wvs determined based on Aikake's Information Criterion (AICc). R' 

\dues.  and porarneter estimates. Aikake's Information Critenon is based on information 

theory as opposed to traditional methods based on hypothesis testing (Edwards 1984) or 

n e w r  Bayesian methods (Tucker et crl. 1997). Conceptually. AICc is based on the 

Kullback - Lieblsr distance between the proposed approximating rnodel and the unknom 

tme model ( Bumharn and Anderson 1998). The smaller this distance. the less 

information is lost when using the approximating model compared to the true model. 

The lower the AICc score. the better the proposed model is. Based on Monte Carlo 

simulations. AICc scores have been s h o w  to be more accurate in selecting the correct 

model compared to regression coefficients. AICc methods also offer the advantage of 

guantifying uncertainty in selecting the best model and model parameters. through the 

use of .\ikakz weights. AICc scores emphasise the selection of the most parsimonious 



mode1 because the second term in the equation used to calculate AICc increases the MCc 

score by two times the number of parameters in the model. Use of iUCc scores will 

reduce the risk of overfitting the model to the data. By a priori choosing the parameters 

to br included in the model. the process becomes one of fining the data to the model. 

The AICC score is onl!. meaningful in cornparison to other AICc scores: the absolute 

value. in and of itself. is irrelevant. Thrrefore. standard practice is to present the 

clifference between a modelfs AiCc score and the minimum AICc score of al1 models 

tcstcd. This difference in AICc scores is denoted by Ai. The suitability of the various 

models !vas compared based on differencrs in AICc scores (Ai) .  There are no statistical 

means by that test the importance of diffrrences in AICc scores. Burnham and Anderson 

( 1098) have devised the following general rules based on cxpcrience gained from Monte 

Crtrlo simulations. If an alternative mode1 has A, less than 3. it should not be mled out as 

pottmtiall> the best model. There is very stronp evidence that the alternative model is not 

tlir best one if A, is greater than 10. Differences in AlCc values ( A i )  between 3 and I O  

liai-r decreasing likelihood of being the best model (Bumhm and Anderson 1998 ). 

Logistic regression analysis was conducted using PROC LOGISTIC (SAS 1988). 

Ssparatc analyses were done for the presence of Ring-Ducked Ducks. Common 

hlrrgansrrs. and Green-winged Teal in PQUADs. l992-94t. Logistic regression of 

positive local population trends in Black Ducks was also conducted (Collins 1999). 

Thrre a-as a positive population trend for 48 sume): plots. one plot had no change. and 20 

Iiad decreasing populations. 



RESULTS 

Black D u c k  - PQUADs 1992-94 

Both median Golet Score (MDSCOR) and mavimum Golet Score (MXSCOR) were used 

in the initial global model. however. MDSCOR was subsequently removed from the 

global model because it was highly correlated with MXSCOR. Models incorporating 

SIDSCOR had .ALCC scores slightly higher than models using MXSCOR. It was also felt 

that at the scale of 25 km'. the wetland uith the highest quaiity wildlife habitat 

( h1SSCOR) would have greater intluence on total IBPs compared to median wetland 

qualiiy ( MDSCOR). Models with total number of lakes (LTOTLAQ were used rather 

than total area of lakçs (LSSIZEL). because the number of lakes within the quadrat would 

bt. more important than total 1a.k area because Black Duck pairs prefer visual isolation 

iiom each othrr. .\[Cc scores supponed this decision with models including LSSIZEL 

ha\-ing highcr .-\[Cc scores cornpared to models including LTOTLAK. Total a r a  of 

wctlands (LSIZE) \vas used rather than rnedian wetland size (MDSIZE) because the two 

variables w r e  highly correlated. Also median wetland size would only be important in 

çontest of total area of wetlands. For esample. if there is only one wetland in Survey 

Plot .-1 whiçh is 5 ha in size. but Survey Plot B has 300 wetlands with a rnedian size of 

1 00 ha. the importance of small median wetland size is negated. Models with total 

nctland size (SSIZE) had lower AICc scores compared to median wetland size 

( MDSIZE). 

The relative rnerits of various models are outlined below. The purpose of descnbing 

compcting models of various sizes is the fact that data used to m a t e  these models for 

BDJV sun-ey plots may not be readily availabie at provincial scales. Pragmatically. the 

best model is a trade-off between explanatory power and cost of data acquisition. 

Compcting modeis are also presented because of model selection uncertainty (Le. similar 

.-WC scores: see Xppendix F). 



hl l models presented are statistically significant (p< 0.05). Lack of space precluded 

putting Model F and P values in the tables. The significance of parameter estimates are 

presrnted. although it has been stated that more is learned by estimation of the mean and 

variance O F p a r m e  ters than by testing hypotheses about their signi ficance (Johnson 

1999). 

'Lhsimum Golst Score (MXSCOR) kvas the best univariaté model of Black Duck IBPs in 

25 km' s u n y  quadrats (Mode1 1.Table 5.3). with Ai = 91 .?9 and R' = 0.78. There kvas 

1 i ttle txidencr to support total wetland area (LSSIZE). total Stream density ( LXSTM). 

total number of wetlands (TOTAL). or total number of lakes (LTOTLAK) as the best 

uniwriatr modei (Appendix F. Table FI) .  In the univariate model. and al1 subsequent 

models. Blaçk Duck IBPs were positively correlated with the mavimum Golet Score 

( b1SSCORi. 

1-lie brst bivariate model was Mode1 6 and incorpornted total number of lakes 

(LTOTLAK) as well as mavirnum Golet Score (MXSCOR). with Ai = 60.52 and R' = 

0.8 1 (Table 5 . 3 .  The parameter estimate indicated increasing numbers of IBPs with 

increasing number of lakrs. Based on .AICC scores. there was little rvidencr to support 

othcr bimriatc models as the best modei (Appendix F. Table FI) .  Models based on total 

numbcr or total x t a  of wetlands were noi as good as models incorporating mesures of 

wtland qualit'. (Golet Score). although their addition to MXSCOR did improve the 

aniount of variation explained by the models. 

The b a t  three-variables model. Model 13. included total area of sdt  marsh (LSALTHA). 

ris well 3s total number of Iakes (LTOTLAK) and maximum Golet Score (MXSCOR) 

with Ai = 3 1.6 1 and R' = 0.84 (Table 5.3). The panmeter estimate indicated increasing 

numbers of IBPs with increasing area of salt marsh. There was little evidence to support 

an! of other three-variables models based on AiCc scores (Appendix F. Table F3). 

The best four-variables mode1 was Mode12 1 which included mean concentration of total 

phosphorous in surface waters (P l )  as well a s  parameters included in the best three- 



variables model (LSALTHA. LTOTLAK and MXSCOR). The R' for this model was 

0.8545 with Ai = 14.94 (Table 5.3). The parameter estimate for total phosphorous was 

0.177 indicating increasing IBPs with increasing total phosphorous concentrations. 

Two other models could also be considered the best four-variables model. Model 22 

which included total wetland area (LSSIZE). total number of lakes (LTOTLAK). total 

arca of salt rnarsh (LSALTHA). and total nurnber of buildings (LBUILD) had R' = 

0.8530 with A, = 16.99 (Appendix F. Table F3). The parameter estimate for LBUILD 

\\as 0.0947 indicating increasing IBPs with increasing number of buildings in the plot. 

'tlodel 23 included the standard deviation of elevation (LELVSTD) as well as the 

variables in blodcl 13 (LSALTHA. LTOTLAK and MXSCOR). Mode123 had R' = 

0 - 8 5 1 5  with Ai = 17.68 (Appendix F. Table F3). The parameter estimate for LELVSTD 

\ras - 0.1833 indicating increasing IBPs with decreasing standard dcviation of the 

hlocit.1 28 could be considered the best ftve-variables model. and included total wetland 

aren (LSSIZE). total number of lakes (LTOTLAK). total area of salt marsh (LSALTHA). 

total number of buildings (LBUIL D) and standard deviation of elevarion ( LELVSTD). 

These variables were included in the cornpeting four-variables models prcviously 

discussrd. Mode1 28 had R' = 0.8614 with Ai = 7.38 (Table 5.3). Parameter estirnates 

for miables in thrse rnodels were similar to panmeter estimates in the Iower order 

models. 

\,Iode1 19 (Appendix F. Table F1) could also be considered the best five-variables mode1 

and included total number of buildings (LBUILD) as well as variables that were in Model 

2 1 ( LSALTHA. LTOTLAK and MXSCOR. P 1 ). Model 19 had R' = 0.8602 and 

1, = 9.10. Mode1 30 which had Ai = 12.48 and R' = 0.8578 included standard deviation 

of r lewtion ( L ELVSTD) dong with variables from Mode1 2 1. 

Mode1 35 \vas the best six-variables model and incorporated variables that were in the 

çompeting five-variables models. narnely maximum Golet Score (MXSCOR). total 



nurnber OF lakes (LTOTLAK). total area of salt marsh (LSALTHA). total nurnber of 

buildings (LBUILD). standard deviation of eievation (LELVSTD) and total phosphorous 

concentration ( P I ) .  Model 35 had R' = 0.8657 with A, = 3.16 (Table 5.7). 

Thsre was an increasing number of poientially best models with rnodels that incorporated 

sis or more variables (Appendix F. Table Fj). Model 36 incorporated Stream density 

( LSSTW instead of total phosphorous concentration (P 1 ). Model 37 (Appendix F 

TablrFj) incorporated total wetland area (LSSIZE) instead of standard deviation of 

slcvatioii ( L ELVSTD). Model 38 (Appendix F. Table F5) included total length of roads 

i ROXD) instead of total phosphorous (P I ). 

Mode1 45 was the best seven-variables model and included variables from the best sis- 

variables mode1 (Mode1 35) as well as stream density (LXSTM). Modrl 45 had R' = 

0.8681 with 1, = 1.61 (Table 5.3). Model 17 (Appendix F. Table F6) had similar values 

tor A,.  but included total road length ( ROAD) instead of stream density (LXSTM). 

The model with the lowest AlCc score was Model61 which included eight-variables 

(Table 5.3 ). Mode1 62 had R' = 0.8707 with A, = O (Table 5.3). ..\ccording to the 

parameter estimates for this model. there were increasing Black Duck IBPs with 

increasing maximum Colet Score (MXSCOR). total nurnber of lakes ( LTOTLAK). total 

c i r a  of salt marsh ( LSALTHA). total phosphorous concentration of surface waters ( P  1 ). 

strcam density (LXSTM). and total number of buildings (LBUILD). The number of IBPs 

was nrgativcly associated with standard deviation of elevation (LELVSTD) and total 

Iength of roads (ROAD). The difference in AICc scores between the best seven-variable 

rnodri compared to the best eight-variables model \vas 1.61 (Table 5.3). There were 

sri-cral othrr eight-variables models with Ai c 2. which had various combinations of the 

preiiously discussed variables (Appendix F. Table F7). 

Oi-erall. inclusion of chemical limnology variables. added little predictive capability to 

rnodels. However. some of the higher order models which had low A, values included 

concentration of total phosphorous in surface waters (P 1 ). For exarnple Mode( 21. which 



included maximum Golet Score (MXSCOR), total nurnber of Mes. total area of salt 

rnarsh (LSALTHA) and total phosphorous (Pl).  had Ai = 14.94 and R' = 0.8545. Model 

27 which. instead of P 1. included total number of buildings (LBUILD). had Ai = 16.99 

and R' = 0.8530 (Appendix F. Table F3). The three-variables mode1 (Model 13) which 

inçludrd only mavimum Golet Score (MXSCOR). total number of Mes. and total area of 

salt rnarsh (LSALTHA) had Ai = 3 1.6 1 (Table 5.3). 

Variables such as soi1 pH (SOILPH). mean PC 1 score of chemical limnology (PC 1 ). 

mean PC2 score of chernical limnology (PC?). rnean total nitrogen (NI ) and precipitation 

during the growing season (PPGS). added liale predictive capabiiity to models. and their 

parameter estimates w r e  not significantly different than zero. 

Black Ducks - PLOTS 1992-94 

.-\nrilysis of Blacli Duck IBPs at the 100 km' PLOT spatial scak verified the importance 

ot'predictor variables that wcre previousiy s h o w  to be important at the 75 km' PQGAD 

spatial scale (Table 5.4: Appendix F. Tables F9-Fl4). Mean Golct score (MSCOR) was 

used rather than median Golet score ro allow extreme high values to influence the Golet 

Score statistic. Maximum Golet Score (MXSCOR) was not used as the Golet Score 

statistic for PLOTS because it was kit that a single wetland may not provide rnough 

habitat for a 100 km2 area. The same reasoning resulted in using total lake area 

i LS IZEL ) rather than total number of lakes (LTOTLAK). Many small Mes  in this larger 

sun-ry area ma- not be as important as the total lake area in providing habitat for black 

Ducks. Thrse cr priori preferences were supported by lower AICc scores. 

The best univariate predictor of Black Duck IBPs was mean Golet Score (MSCOR) 

which had Ai = 35.26 and R' = 0.9421 (Model 101. Table 5.4). The best bivariate rnodel 

ws Model 106 and included mean Golet Score (MSCOR) and total lake area (SSTZEL) 

with Ai = 71 -93 and R? = 0.9576 (Table 5.4). The best three-variables mode1 (Model 

1 13) included mean Golet Score (MSCOR). total lake area (LSSIZEL). and total salt 

rnarsh area (LSALTHA) with Ai = 14.83 and R' = 0.9649 (Table 5.4). 



The best four-variables model (Model 12 1) included concentration of total phosphorous 

in surface waters in the survey plot ( P l )  as well as mean Golet Score (MSCOR). total 

lake area (LSSIZEL). and total salt marsh area (LSALTHA) with Ai = 6.92 and R' = 

0.9710 (Table 5.4). Sirnilar to models for PQUADs. Black Duck IBPs were positively 

correlated with these variables. 

The bsst fiw-variables model was blodel 126. and consisted of the positive intluence of 

ruial numbrr of buildings (LBL'ILD) being added to the four-variables found in Model 

12 1 (LSSIZEL. LISCOR. LSALTHA. and P)  ~ i t h  Ai = 3.83 and R' = 0.9746 (Table 5.4). 

The best sis-variables model. Model 13 1. added the negative influence of standard 

clwiation ofclwation (LELVSTD) to the best îïve-variables model (Mode1 126) which 

had 1, = 3.24 and R' = 0.9767 (Table 5.4). 

The brst sciven-variables model (Model 136) added concentration of total nitrogrn in 

surface u a t m  ( N  1 ) to the variables previously listed for Model 13 1. 'vlodel 1 36 had 

1, = O and R' = 0.9789 (Table 3-41 and had the lowest overall AICc score. In Model 136 

the number o f  Black Duck IBPs was positively correlated with mean Golet Score 

i hISCOR). total lake area (LSSIZEL), total salt marsh area ILSALTWA), concentration 

of total phosphorous in surface waters in the s w e y  plot (P 1 ). total nurnber of buildings 

( LBCILD 1. and concentration of total nitroçen in surface waters (N 1 ). in addition to 

bring nryativcly correlated with the standard deviation of elevation (LELVSTD). 

The best right-variables model (Appendix F. Table F14) had a slightly higher AICc score 

than the brst seven-variables model. There were severai eight-variables models that had 

1, < 2 (hpprndis F. Table F 14). These could also be considered the best models becausr 

of the smrill diflerences in AiCc scores. 



Black Ducks - Survey Plots, 1986-89 

The global model For Black Duck IBPs in survey plots that were surveyed during 1986- 

89 was sirnilar to that created for PQUADs surveyed during 1993-94. because of the 

similar spatial scale of the s w e y  plots. However chemical limnology variables were not 

included in these models because water samples were not collected in these plots. hlodel 

101 which included only mavimum Golet Score (MXSCOR) had R~ = 0.8765 (Table 

5.5 ). Mode1 20 1 could be considered the best overall model based on MCc scores. with 

1, = 0. I ( Appendis F. Tables F 15 and F 16). The parameter estimate for maximum Golet 

Scorc (b1SSCOR) from Model 20 1 was 3.009 (Table 5.5). which is very similar to the 

parameter rstimatc of 0.008 from the univariate mode1 based on data frorn 1992-94 

( bIodt.1 1.  Table 5.3). 

Mode1 209 which included Maximum Golet Score (MXSCOR) and total number of 

wtlands (TOTAL) had the lowest AICc score ( A i  = 0) but the parameter estimate for 

(TOTAL) was not significantiy different frorn zero (Table 5 . 5 ) .  Modrls including total 

wt land  area ( LSSIZE) were not as good as modrls which incorporatrd maximum Golet 

Score (.-Ippendis F. Tables F l  j and F16). Model 204. a univariate model based on total 

wtland area (LSSIZE). had Ai = 66.67 and R' = 0.8515 (Appendix F. Tables F l  5). In 

hivariate models with total wetland area ( LSS IZE) and mavimum Golet Score 

i XINSCOR) the parameter cstimate for LSSIZE becomes negligible compare to the 

paramcter sstiniate for LSSIZE in the univariate model (Appendix F. Tabies Fl  5).  



Ring-necked Ducks - PQUADs 1992-94 

The best univariate model to predict the number of Ring-necked Duck IBPs in sunrey 

plots ( 2 5  km') during 1992-94. was based on the total nurnber of lakes (LTOTLAK). and 

had 1, = 26.33 and R' = 0.58 (Model 305. Table 5.6). Ring-necked Ducks use small 

Inkrs. and thrre fore the total number of lakes present in the 25 km' quad vas thought. 11 

priori. to bstter represent habitat availabiiity than the total surface area of lakes 

i LSIZEL 1. Models using total surîàce area of lakes generally had higher AICc scores 

çompnred to models using total number of lakes (unpubl. data). 

The best bivariate model (Mode1 309) included total wetland area (LSSIZE) as tvell as 

total nurnber of lakes (LTOTLAK). with Ai = 4.6 1 and R' = 0.63 (Table 5.6). Models 

which included measures of wetland quality (MXSCOR. MSCOR) had higher AICc 

scorcs compared to models which included measures of wetland quantity (Appendix F. 

Tables F 1 7 - P O ) .  Stream density (LXSTM) did not add much predictive capabiiity to 

rnodels (Table 5.6) and in higher order models the parameter estimate was not 

sipni tiçantly different frorn zero (Appendis F. Tables F 17-FX). 

4lodrl 3 13. a thrre-variables model. could be considered the best parsirnonious model 

with 1, = 2.11 and R' = 0.6388 (Table 5.6). In this model there was a positive correlation 

betwçn Ring-necked Duck IBPs and total wetland area (LSSIZE) and total nurnber of 

Inkes ( LTOTLAK). and a slight negative correlation with die percentage of ivetlands that 

n-ere bogs ( PB). In Model 32 1 there also was a negative relationship with PB. 

Highsr order models had slightly lower hi values and higher R' values. but some 

parameter estirnates were not significantly different fiom zero (Appendix F. Tables F 17- 

F20). Mode1 32 1 was the best four-variables model and included the variables from 

Mode1 3 13 (LSSIZE. LTOTLAK. and PB) as well as soi1 pH (SOILPH). The addition of 

soi1 pH did not add greatlp to the explanatory power of the model as evidenced bp Ai = 

1 .O3 and R' = 0.6448 (Table 5.6). 



The model with the lowest NCc  score was a five-variables mode1 (Model 328) with 

1, = O and R' = 0.6503 (Table 5.6) .  This model included a positive relationship with total 

lrtngth of roads (ROAD). in addition to the variables that were important in the lower 

order models. namely. a positive correlation with total wetland area (LSSIZE). and total 

number of lakes (LTOTLAK). and a negative correlation with percentage of wetlands 

that were bogs (PB). and estimated soil pH (SOILPH). Model 328 mode1 was not 

considerrd the best overall mode1 because the parameter estimate for the potentially 

spurious variable ROAD was not significant. As stated earlier. Model 3 13 should be 

çonsidrred the brst overall model. with al1 parameter estimates being signiticant. and 

1, = 2.24 and R' = 0.6388. The relatively low R' for the best rnodel could partly result 

from only 90 of the 100 PQUADs having Ring-necked Duck breeding pairs present. 

Resulis from a logistic regrrssion indicated that the presence of Ring-necked Duck lBPs 

couid br prrdictrd basrd on a positive relationship with total wetland area (LSSIZE) md 

total numbrr of lakes ( LTOTLAK) and a nepative relationship with soi1 pH ( hlodel 336. 

Table 5.7). The model had a correct classification rate of 86%. Logistic regression 

modtils with more variables. such as Model 337. had higher correct classification rates 

but nlso had hiyher -41Cc scores (..\ppendis F. Table FI1  ). It should be notrd that resuits 

l iorn linrar regression. cg. Model 32 1. also indicated the importance of total wetland 

arca. total number of Ides. and soil pH in understanding the distribution of Ring-necked 

Ducks. 

Corn mon Mergrnsers - PQUADs 1992-94 

Linrar reeression C models of Common Merganser IBPs obsemed during 1992-94 in 25 

km' sune? quadrats were not very accurate (Table 5.8. Appendix F Tables F22-F75). 

There were small incremental decreases in AICc scores and increases in R' values with 

increasing number of variables. Model 137 was a six-variables mode1 and could be 

considered the best overall model with Ai = O and R' = 0.52. with al1 variables having 

significant parameter estimates (Table 5.8). Mode1437 included a positive relationship 

xith median Golet Score (MDSCOR). total salt marsh area (LSALTHA). total Iake area 



(LSSIZEL). stream density (LXSTM), as well as a negative relationship with estimated 

soil pH (SOILPH) and mean PC2 score (PCAZ). The most important variables in these 

rnodcls were total lake area (LSSIZEL) and Stream density (LXSTM). which were 

positively correlated with IBPs of Comrnon Mergansers. Information on wetland quality 

< XIDSCOR) or quantity (LSSIZE) were not important in these models. 

Common bkrgansers were obsemed in only 102 of the 200 survey plots during 1992-94. 

Rrsults from logistic regression (cg.. Model 45 1 ) indicated that the presence of Common 

Merganser IBPs was positively correlated with total lake area (LSSIZEL). and Stream 

density ( LXSTbl). and negatively correlated with soil pH (SOILPH) (Table 5.9). Model 

45 1 had the lowest MCC score and a correct classification rate of 74% (Table 5.9: 

Appendix F Table F26). 

.-\nicrican Green-wingctd Tral w r e  obsenped in only 94 of the 200 suney plots. The 

rihscncr. and low number of IBPs obsened during surveps. precludrd linear regression 

modeIlinp. Logistic regression was used to predict the presence of Green-winged Teal in 

25 km' sune). plots (Table 5.10). Model 471. included seven variables and had a correct 

classitication rats of 79% and A, = O. Masimurn Golet Score (MXSCOR). stream density 

( SSTV I. the mran PC 1 score from a PCA of chemical limnology of surface waters 

r PCA 1 ). total phosphorous of surface waters (P 1 ). total area of salt marshes (LSALTHA ). 

and total number of buildings (LBUILD) were al1 positively correlated with the presence 

of Green-wingrd Teal in survey plots (Table 5.10). Variation in rlevation (LELVSTD) 

was negatively correlated with the presence of Green-winged Teal. A three-variables 

mode1 which included. Stream density. salt m m h  area and variation in elevation had a 

7 X 0 / 0  correct classification rate (Table 5.10). iLlodel470 included fourteen variables 

Iind a correct classification rate of 82%. but the sarne MCc score compared to Model 471 

which included only seven variables (Appendix F Table F27). 



Black Duck Local Population Trends 

Linrar regression based on habitat variables listed in Table 5.2 did not accurately predict 

local population trends in Black Duck survey plots. The global model which included 15 

habitat variables. had an R' of only 0 . 3  (unpubl. data). Landscape-level descriptors of 

habitat could. however. predict which quadrats had increasing local populations usine 

logistiç regression. 

Jlodel 509 was the logistic model for trends in Black Duck IBPs with the lowest AICc 

scorc ( 1, = O )  and had a correct classification rate of 83% (Table 5.1 1 ). In this four- 

variables modcl. the presence of an increasing local Black Duck population was rnost 

cif'fected bu a positive relationship with Stream density (LXSTM) and a negativr 

rclationship with standard deviation of elevation (LELVSTD). There were also slight 

positive relationships with total number of wetlands (TOTAL) and total road length 

< ROAD). Stream density is an important variable in this model. .Although the parameter 

estiinate was not statistically significant (P = 0.06). it was large in cornparison to othrr 

paramctcrs in the modcl (Table 5.1 1: Appendix F. Tables F28 and F29). 

The main variables in other models that had comparativeiy low Ai values were again 

Stream density (LXSTM) and standard deviation of elevation (LELVSTD. r . g .  Model 

509). These models (Appendin F. Tables F28 and F19) also included a positive 

relationship with variables such as total nurnber of lakes (LTOTLAK) and total number 

of buildings ( LBCILD). Because of the correlation between total road length and total 

numbrr of buildings. rnodels were usually significant for one of these two variables 

T l  5.1 1 .  Higher order models had higher correct classification rates but higher AICc 

scores because variables were adding only slightly to the predictive capability of the 

mode1 ( Appendis F. Tables FI8 and F29). Many of the parameter estimates for variables 

in the hiyhrr order models were near zero. A iinear logistic model (Model 50 1 ) that 

included 14 habitat variables had a correct classification rate (concordance) of 90.4% and 

Ai = 13.6 (Appendis F. Tables F28 and F79). 



DISCUSSION 

Models of Black Duck Distribution 

Lincar regression analyses of the nurnber of indicated breeding pairs in 25 km' PQUADs 

durine C 1997-94. 100 km2 PLOTS during 1991-94. and 25 km' s w e y  plots during 1986- 

89. al1 indicate that the single best landscape-level indicator of habitat potential for 

brerding Black Ducks is Golet Score (Golet 1978: Golet and Lanon 1974: Hanson and 

Calkins 1996). The Golet Score ranks the suitability of a wetland as wildlife habitat for a 

broad diversity of species (see Table 2.1 1 ). The fact that a measure of wetland qualit): 

w s  n better predictor of Black Duck IBPs rather than wetland quantity. indicates that at a 

landscape-level. the distribution of Black Ducks is a result of wetland selection. It also 

suggtists that al1 wetlands are not of equal value as Black Duck habitat. Xlthough this 

h c t  has becn proven many times at smaller spatial scales (Table 5.1 ). this is the îïrst timr 

it  has htxn documcnted for Biack Ducks at such a large spatial scale. Previous work on a 

small spatial scale ( 14 individual wetlands) found no relationship brtween Golrt Score 

and numbsr of broods (Hudgins 1988). 

The bcst overall modrl for Black Duck IBPs in the 25 km' survey plots. as measured by 

hICc score. was an eight-variables mode1 in which the number of Black Duck pairs was 

positivelj- associatrd with rnavimum Golrt Score. total number of lakes. total area of salt 

marsh in the immrdiate vicinity. stream density. total phosphorous concentration of 

surface waters. and the number of buildings. In this mode1 the number of Black Duck 

pairs Kas nrgatively associated with standard deviation of elevation in the survey plot 

and total road Irngth. 

Black Duck IBPs were positively correlated with nurnber of lakes. area of salt marsh. and 

stream density. consistent with Palmer's (1976) adrnonition that Black Duck breeding 

habitats are so diverse that the presence ofwater is virtually the only characteristic in 

cornmon. Al1 of those aquatic habitat types are known to be important for breeding Black 

Duçks (Table 5.1). 



The chrmical limnology of wetlands can be seen as a contexnially important component 

of habitat srlrction. Given equal amounts of wetland habitat (e-g..  ponds. streams. 

lacustrine marsh ) the more fertile areas with higher primary productivity should have 

more breeding pairs. The distribution of wetland habitat is. however. not uniform. so that 

chemical limnology adds little predictive capability to these landscape-level models. 

Chernical limnology may be important in expiaining which wetlands are used within the 

25 km' sun-ey quadrat. I t  is wordiivhile to note that total phosphorous kas the aspect of 

chemical limnology that added the most predictive capability to the models. Although 

phosphorus is ofien the limiting nutnent in freshwater ecosystems. relationships are not 

rilu-ay s rstablished between total phosphorous and waterfoivl densities (Parker et cil. 

1092). Although water samples are routinely analysed for total phosphorous (TP). a 

more useful measure would be of phosphorous that is biologically available( ir.. soluble 

r c x  t i w  phosphorous). Total phosphorous concentrations in water samples collected 

from b o p  may not represent the dystrophic conditions present (Bridgham rr d. 1998). 

In models wi th on1 y tu-O or three variables. a more eeneral descriptor of chrmical 

limnology ( P C h 2 )  \vas better than total phosphorous concentrations. This ma? have 

besn dur: to PC2 scores representing differences among aquatic habitat types and 

ccological conditions. Soi1 pH was not a good predictor of breeding pair densities. This 
b 

ma'. liavç resulted from more wetlands being in areas of low soil pH and the fact that 

Bliick Ducks may select individual wetlands with slightly higher pH in areas of generally 

low soil pH. Wetlands are refened to. euphemistically. as the kidneys of the 

environment. due to their role as filters for aquatic systems. Wetlands capture the 

nutrients and rninerals present in running waters (Mitsch and Gosselink 1986). Although 

thrre was a relationship between soil pH and chemical limnology in the survey area. 

Black Ducks may use wetlands that have trapped suficient nutrients so as not to be 

highly correlated with surrounding soil chemistry or mean water chemistry for plot. 

Bcaver and beaver ponds are also known to dramaticdly influence the chemical 

limnology of riverine sy stems (Klotz 1998). 



The number of Black Ducks was positively correlated with the nurnber of buildings in the 

plot. A lthough previous researc hers have found B lack Ducks selected wetlands that were 

visually isolated from human dwellings (Diefenbach et al. 1996: Diefenbach and Owen 

1 989). B lack Ducks will use productive wetlands that are close to hurnan dwellings 

( Hanson ei trl. 1991: Hanson et d 1000). Increased Black Duck densities may be 

cissociated with increased nurnber of buildings because better soils in the area originally 

attracted human habitation (Conrad 1993) andtor anthropogenic nutrients increase the 

prima- productivity of wetlands in the area (Staicer et d. 1994). 

The most important negative reiationship observed was that between Black Duck pair 

densitir's and the standard deviation of elevation. It should be noted that there \vas a 

positive correlation between stream density and variation in elevation. Flat terrain would 

d l o ~  for the developmrnt of more wetlands and Mes. Stream in areas of low relief are 

i l o ~ ~  and meandering. allowing more sediments and nutnents to accumulate in them. 

High gradient strems in contrast have higher velocities. variable water levels. and rocky 

substrates. Low gradient strearns are preferred bp beaver (Beier and Barrett 1987: Bradt 

1933: Craig 1990: Howard and Larson 1985) and hence there would be an expectrd 

ncgatiw correlation between the number of beaver ponds in a given plot and the standard 

cieviation of elevation. 

Parameter estimates for standard deviation of elevation were always signiticant with 

mail  coefficients of variation in linear and logistic regression models of Black Duck 

IBPs. In contrast. parameter estimates for strearn density were sometimes not signifiant 

anci had high coefficients of variation. Increasing strearn density would probably be most 

important with respect to Black Duck habitat in areas of low variation in elevation. This 

could represrnt an ccological ceiling which linear regression models do not adequateiy 

characterise (Thomson et al. 1996). The use of a ratio variable (stream density divided 

by standard deviation of elevation) did not improve models (unpubl. data). 

The number of indicated breeding pairs decreased with increasing nurnber of roads. This 

rnay be a function of high road densities only being possible where there is low wetland 



density. It was also possible that roads map represent a disturbance factor. The 

parameter estimate for ROAD was. however. v e y  low (-0.0047). 

Spatial Scale of Analysis 

With respect to the importance of predictor variables. results from linear regression 

analyses of sun-ep data collected during 1992-94 at the 25 km2 PQUAD scale gave 

similar results to analysing the data at the 100 km' PLOT scale. Appropriate predictor 

\-ariablrs must be selected for the spatial scale of the analysis. For example. mean Golet 

Score \vas used rathrr than the maximum Golet Score for models at the 100 km2 spatial 

sçalr of analysis because the probability that a single wetland could provide al1 the 

requircd habitat for 100 km' is much less than it is for a 25 km2 area. 

High R' values of PLOT models (n=jO) compared to R' values of PQUAD models 

i n=2OO) could sirnply result from different sample sizes. Model 136. which had the 

lowest AICç score for analyses at the PLOT scalr. had R' = 0.9789. Model 63. which 

had the lowest AICc score at the PQUAD scale. had R' = 0.8707. There is a higher 

probabi l i  ty of fi tting the model to the data i v i h  a sampie size of 50 PLOTS compared to a 

sciniple size of 200 PQUADs. The other reason for higher R' values for PLOT models 

compared to PQCAD models could relate to the reduced overall variation IBPs per PLOT 

(coefficient of ~ariation = 63%) compared to IBPs per PQUAD (coefficient of variation = 

92' O 1. 

.-\nalysinp data at the 100 km' scale would improve the accuracy of the model if presencr 

of an IBP in a PQUAD resulted not from habitat conditions wîthin that PQUAD but 

rathsr from habitat conditions in an adjacent PQUAD. Although analysing data at the 

PLOT Irvel would overcome this potential problem. there still is the probability that 

presencr of an IBP reflects habitat conditions in adjacent habitat outside of the PLOT. 

Inaccuracies due to location of observed pairs in relation to the habitat that thep are 

sslecting would appear to be minor based on hi& R' values for models developed. 



From a theoretical basis. the smaller 25 km' quadrat is a better spatial scale for analysis 

brcausr it is closer to the home range size of Black Ducks (Ringelman er rd. 1982). It has 

brrn  suggested that the spatial scale of habitat suitability index models should be the 

same as the home range of the study animal (Roloff and Kemohan 1999). With the 

esception of the period 1 990- 1 995. survey s for breeding waterfowl in Atlantic Canada 

have been done at the 75 km' spatial scale during the past 15 yean. Models potentially 

could b r  improïed if al1 s w e y  and habitat data were in digital format. Habitat 

surrounding wnterfowl observations could then be summarised at various distances ( e.g. 

1. 3 and 5 km radii) using GIS. 

Models of Ring-necked Duck Distribution 

Ring-neckrd ducks were observed on only 1 10 of the 200 survey quadrats during 1991- 

4 .  Linear reeression + niodels were not very accurate in estimating the number of Ring- 

ncclicd Ducks IBPs in PQUADs. The model with the best AICc score only had R' = 

0.65. Rcsults from logistic regression indicated that the presence of Ring-necked Duck 

[BPs could. however. be predicted based on total area of wetlands. total number of lakes 

and soil pH. with a correct classification rate of 86%. There was a slight neçative 

rclritionship nith soil pH and a strong positive correlation with total number of lakes. 

consistent with Ring-necked Ducks using ponds and lakes in areas of low to moderate pH 

i I4c.Aulry and Longcore 1988: Mendall 1958: Rempel et al. 1997). 

Models of Comrnon Merganser Distribution 

Common Xlergansers were observed in only 102 of the 100 plots surveyed during 1992- 

94. Predictive models of the number of indicated breeding pairs were not very accurate. 

However. a logistic regression model based on total lake area total Stream density. and 

soil pH had a correct classification rate of 74%. Similar to the logistic regression analysis 

for Ring-neckcd Ducks. there was a negative relationship between the probability of a 

Cornmon Merpanser IBP being present in the plot and soil pH. Common Megansers 

will use areas of open water such as large lakes and rivers (Kerekes et al. 1994: Rempel 



ri rd. 1997: White 1937). The most important proximate component of habitat selection 

by Cornmon Mergansers is the availability of fish (Cairns and Krrekes 2000: Erskine 

1972: M i t e  1957). which was not measured in this study. It is known. based on 

morpho-edaphic indices. that fish populations c m  be being positively correlated with pH 

and lake size (Ryder et d. 1974: Winkle and Hubert 1990). In oligotrophic south- 

western Nova Scotia. Common Mergansers were found only on lakes greater than 25 ha 

in size (Kerekcs el ul. 1994). New Brunswick has many large river systems and 

comparati\.ely fea Mes. while the converse is tme for Nova Scotia. Separate models for 

Xova Scotia and New Brunswick. and incorporating a rneasure of the number of lakes 

crcatrr than 3 ha may improve the correct classification rates for these models. + 

>IodcIs of Green-winged Teal Distribution 

Green-winged Tcal IBPs were not observed in 1 18 of the 200 plots surveyed during 

1992-94. The presence of Green-winged Teal could be predicted based on wctland 

qualit! as measured by Golet Score. and stream density. Green-winged Teal were 

prevalcnt in coastal areas with Iow variation in devalion. high stream density. and 

surfacc waters with higher pH. and total phosphorous concentrations. Non-coastal areas 

ricscribed as haviny low variation in elevation. high Stream density. and surface waters 

with higher pH. .' total phosphorous concentrations. would probably also have a high 

density of beaver ponds. Green-winged Teal have been shown to be highly selective of 

bewcr ponds for breeding habitat in nonhem Ontario (Rempel ci al. 1997). I t  would also 

nppear that Green-winged Teal are absent from the interior of Nova Scotia where surface 

waters have low pH. In cornparison to what is known about habitat utilisation by 

breeding Green-winged Teal inland (Paquette and Ankney 1996). and by wintering 

Green-winged Teal in coastal areas (Genard and Lescoumet 1992: Rave and Baldassarre 

1989). thrre is little information about habitat-use by breeding Green-winged Teal in 

coastal areas. 



Habitat Correlates of Black Duck Population Change 

The rolr of habitat degradation and destruction in the decline of Black Ducks has been 

the subject of a long and ofien rancorous debate because of difficulty in ascertaining if 

ihese correlations reflect cause and effect (Ankney et al. 1987: Conroy er al. 1989: Petrie 

1 998: Rusch er ui. 1989). The relationship between habitat conditions and Black Duck 

population change will be viewed as correlative in this discussion. Some may contend 

that improved breeding habitat conditions resulted in increased survival and subsequent 

recruitment into the breeding population. Others will assert that increased survival 

resulting from restrictive hunting regulations led to increased breeding populations that 

made use of increased availability of high quality breeding habitat. 

Thr presrnçe of increasing local populations was positivelp correlated with Stream 

density and nsyatively correlated with variation in elevation. This relationship was also 

ubsrn.ed for the distribution of Black Duck IBPs. As stated previously. streams in areas 

of low relief would be slow and meandering. allowing more sediments and nutrients to 

accumulate. compared to high gradient streams which have higher velociticts. more 

variable w t r r  ievels. and rockier substrates. Low gradient streams are preferred bp 

benvrr (Bekr and Barrett 1987: Bradt 1938: Craig 1990: Howard and Larson 1985: 

Rrtzer er trl. 1956) and hence there would be an expected negative correlation betwern 

the number of beaver ponds in a given plot and the standard deviation of elevation. 

During the period 1990-1 999. the number of newly-tlooded beaver ponds would be 

esprcted to have increased in New Brunswick and Nova Scotia with increasing beaver 

populations. In New Brunswick. the number of nuisance beaver reports increased from 

54 in 1982 to a maximum of Y 8  in 1992 (John Blenis. pers. corn.. Table 5.12). In Nova 

Scotia. beavrr were alrnost rxtirpated in the 1940s: however beaver populations have 

increased drarnatically during the last 20 yean (Mike Boudreau. pers. corn.. Table 5.1 2). 

In one small watershed in Nova Scotia. the area of aquatic habitat increased from 12 ha to 

260 ha when beavers were re-introduced (Payne and McInnis 1993). In Minnesota. 

colonization by beaver increased the total flooded habitat in the landscape fiom 1 to 13% 



(Johnston and Naiman 1990). In Maine. total wetland area increased 36% when beaver 

trapping was prohibited (McCall ri al. 1996). It is therefore probable that Black Ducks 

increased in plots where there [vas an abundance of andor increasing nurnber of beaver 

ponds. 

.-ln air photo anaiysis of change in the amount of beaver pond habitat in survey plots 

\vould help elucidate the reasons for changes in local Black Duck populations. Habitat 

change çan have a major impact on present distributions of wildlife and models 

dcveloprd from them (Knick and Rotenbem 2000). To understand waterfowl population 

dynamics and èffrctively manage waterfou.1 resources in rastern North America. the 

availability of wetland habitat should be monitored. 
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LTOTLAK ' Log10 (totai nurnber of lakes) I 
Log 1 O (total area of lakes) 

xsTM LsS1zEL i Mem strearn density 

L ELVSTD 1 Log 1 O (standard deviation of elevation) 
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BCILD ; Total number of buildings 

ROAD Total length of roads (km) 
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LSSIZE 

TOTAL 

PB 

Log I O (total area of wetlands in ha) 

Total number of wetlands 

Percrntage of wetlands that are boss 

MDSIZE Median size of wetlands 

bIXSCOR ' Maximum Golet Score for a single wetland 
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MSCOR ' Mean Golet Score t'or wetlands 
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PC.41 / Mean PC 1 score for chemical limnology 
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Table 5.1 - Habitat variables selected for inclusion in global mode1 for Black Duck IBPs. 
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P I  

Table 5.3 - Best linear-regression models of Black Duck indicated breeding pairs (IBPs) 

in 75 kmcm? survey plots (PQUADs).1992-94. 
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Table 5 .j - Best linear regression models of Black Duck indicated breeding pairs ( IBPs) 
in 25 km' suney plots. 1986-89. 
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Table 5 -6 - Brst linear regression models of Ring-necked Duck lBPs in 25 km' s u n q  
plots ( PQCADs). 1992-94. 
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Table 5.7 - Best logistic regression models for Ring-necked Ducks in PQUADs. 1991-94. 
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Table 5.9 - Best logistic regression models of presence of Comrnon Merganser indicated 
breeding pairs (IBPs) in 25 km2 survey plots (PQCTADs). 1992-94. 
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Table 5.1 1 - Best logistic regression models of presence of increasing Black Diick 
indicated breeding pairs (IBPs) in 25 km' survey plots (PQUADs). 1990-99. 
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Table 5.11 - Nuisance beaver reports in south-eastem New Brunswick 1982-1 994 and 

Xova Scotia beaver h m e s t  1985- l9W. Data courtesy of John Blenis. NB Dept. Natural 

Resources tk Energy and Mike Boudreau. NS Department of Natural Resources. 



CHAPTER 6 - CONCLUDING DISCUSSION: 

A MODELLING RETROSPECTIVE 

INTRODUCTION 

The purpose of this chapter is to discuss the results of a landscape-level evaiuation of the 

distribution of breeding American Black Ducks (Anas rzibripes) in the Canadian 

Maritime Provinces (New Brunswick. Nova Scotia). The thesis of this research was that 

landscape-level habitat descriptors could explain the observed distribution of breeding 

.-\mericm Black Ducks. and other waterfowl. These relationships could then be used to 

produce spatially esplicit watrrfowl population estimates. This chapter discusses 

relationships obsrned between wetland biophysical form. chernical lirnnology. and 

eçological function. 1 t also provides some concluding remarks regarding the objectives 

outlined in Chapter 1 and the limitations of the data and models denved. 

Analysis of Aquatic Habitats 

Thc devrlopment of cornputer based geographic information systems and the scientific 

discipline of landscape ecology has resulted in a larger spatial view of ecological 

procrsses (Conroy rr ai. 1995: Forman 1995). In most studies to date. wildlife-habitat 

inter-relationships were evaluated on a local scale. r.g.. a single wetland (Paquette and 

.\nkney 1996). It is now apparent that much information can be gained about ecological 

processes by understanding the spatial scale at which these processes operate as well as 

the estent of spatial autocorrelation (Home and Schneider 1995: Koenig and Knops 1998: 

Legendre 1993). 

Studying ecological processes at multiple spatial scales is most often neglected because 

of a failure to understand its importance. or the required statistical resources and/or geo- 

spatial data are lacking. A landscape approach to ecological phenornena requires an 



integration of many diverse descriptors of the environrnent. The development of macro- 

scals wildIife and habitat conservation models has been. and will continue to be. limited 

bu the availability and cost of obtaining the data required (Flather et al. 1992: Turner e l  

id. 1995 1. 

This study had to rely on existing data which potentially could descnbe the aquatic 

habitats of Xova Scotia and New Brunswick. The Maritime Wetland Inventoc could be 

considered site-specific information as attributes are given for each specific wetland 

( Hanson and Calkins 1996). Some of these attributes do. however. describe habitat at a 

landscape-level. Juxtaposition describes the physical relation of the wetland to other 

aquatiç habitats in the area. Land-cover variables also describe the surrounding 

londscape. There was. however. very liitle difference among wetlands in the surrounding 

land-çovrr. with most wetlands classitïed as surrounded by forested land. Provincial 

wrtland inventories that are currently being developed for al1 three Maritime provinces 

t New Brunswick. Nova Scotia. and Prince Ediwd Island) are completely digital. Other 

covcr types (e.g.. forest. agriculture) are available as separate layers. This will allow for 

various Iandscape features to be attributed to wetlands at various spatial scales. c g . .  land 

use immrdiately adjacent to the wetland. land use within a 2 km radius. land use within 

the watershed. 

The Maritime Wetland Inventory treats wetlands as comprised of many hydrologically 

çomected sub-classes. This approach becomes problematic for large wetlands that are 

comprised of many sub-classes. The character of a specific component of the wetland 

i geographic area) may be quite different from the overall wetland cornplex. New 

inventories should identify wetlands at the smallest homogeneous spatial unit. These 

wetlands could then be compiled spatially to represent a wetland cornplex. The 

numbering system for wetlands can also facilitate the identification of sub-units within 

wetland complexes. ha lys i s  of wetlands at different spatial scaies would also be 

facilitated using this approach. 



Future wetland inventories should recognise that lakes. rivers. and streams. are also 

aquatic habitats. and that many wetland characteristics are intluenced by hydrology. It is 

thrrefore critical that in future wetland inventories. hydrology layers are incorporated into 

digital wetland base-maps. 

The hydrology of wetlands is very much affected by elevation and variation in elevation. 

The GTOPO digital elevation model (DEM) created by the United States Geological 

Service (http:.'isdcdaac.usgs.gov/gtopo3O/gtopo3O.html) provided data at a relatively 

sniall scale. with approsimatelp 160 points per 100 km'. A visual cornparison with 

topographie maps indicated an accurate description of elevation. 

Thcre is usuall y a trade-off between spatial extent and size of the sampling unit (grain) in 

most studies (isaaks and Srkastava 1989). The Canadian Soi1 Information Survey 

iC:\NSIS) prosides data that is national in spatial extent. However the grain size is 

rathttr large. with soi1 polygons being hundreds of square kilometres in size. Within these 

polyyons thrre are 1 - 12 components that are not geo-spatially referenced. Problems 

relüting to large grain size of CANSIS data could be resolved. to some rxtent. by making 

cornponents spatially unique entities (Le. grain size = component size). 

Provincial soil maps provided information on soil chemistry that was of greater utility 

than CANSIS data. Soi1 mapping should provide quantitative measures of soi1 

çharacteristics. because qualitative descripton are not easily compared among provinces. 

Based on the grain of soil mapping both at national levels. and provincial levels. soil 

chernistry will only provide a relative indication of the chernical Iimnology of aquatic 

habitats within a given area. Many aspects of CANSIS data had questionable functional 

rttlationships with aquatic ecology. e.g. rooting depth. coane Fragment content. 

The National Ecological Framework did not provide data at the grain size necessary to be 

uselùl in this project. New Brunswick and Nova Scotia ecological land classifications 

providrd useful descriptions of relatively small spatial units but did not have any 

uriables in common that could be used in creating a quantitative model for both 



provinces. Toner (1 998) quantitatively examined the spatial distribution of wetlands in 

New Brunswick in relation to data From ecological land classification units and observeci 

that wetland types were correlated with certain topographical features such as elevation 

and arnount of surface water (lakes. rivers). 

En~ironmrnt Canada climate stations were usually located in close proximity to survey 

plots and provided the basic meteorological data that affects many ecological processes 

(c..p... temperature. amount of precipitation. snow cover). Data from these volunteer- 

based stations are essential if modelling of wetlands and other ecological processes is 

yoing to br donr at local and landscape-levels. 

Wstlands are products of man' geographical and geological phenornena. The existence 

of a wetland inwntory that describes many aspects of wetland biophysical form 

r.nçapsuiates many of these larger physical and chernical processes. Differencrs in water 

c h e m i s t ~ .  of two wetlands could be estimated if one wetland was a bog rvhile the othrr 

one wos an emergent wetland. In contrast. aquatic habitats such as lakes and rivers need 

a landscape contest. In order to estimate differences in water chemistry betwen two 

lakes one would nred to know the soils. geology. and vegetation of the watersheds that 

the two lakrs wrre in. In the future. with GIS sot'tware and digital data becorning more 

\\ idel! available. landscape-level environmental data can easily become background 

Iaycrs in wtiand inventories. A multi-attnbute wetland inventory is the key to rnodelling 

wtland procrsscs. 

Evrluation of the Chernical Lirnnology of Aquatic Habitats 

The primary and srcondan. productivity of aquatic ecosystems are known to be affected 

by the availability of nutrients (Mitsch and Gosselink 1986: Wetzel 1983). The logistical 

concrm is how to do this at landscape and regional levels (Gorham et al. 1998: Jassby 

1998: Pienitz g r  ul. 1997). 



The chernical limnology of water sample collected during this study quantified the spatial 

variation previously described in part by others (Clair et al. 1983: Gorharn et al. 1998: 

Spavold-Tims 1 986). This study has highlighted variation in chernical limnology arnong 

aquatic habitat types. which has recently been reviewed and quantified for other areas of 

Yonh Amerka (Bedford et al. 1999: Bndgham et al. 1998: Jonasson and Shaver 1999). 

This variation does not necessitate sarnpling eHort be equally distnbuted among aquatic 

habitat types. It does. however. mean that this variation needs to be acknowledged. at 

both a sampling level and at an analysis lrvel. At a sarnpling level. distinctions need to 

be made bstween wetland types (eg.. bog versus emergent marsh). At an analysis level. 

it should be acknowledged that data frorn lakes may not be applicable to adjacent 

wtlands. especially if it is unknown whether it is a bog or an emergent marsh (Jones and 

Wdeles 1989). 

Thc cibility to do Iandscape-level analyses of wetland fumions in the Maritimes is 

limitrd by the narrow range of chernical lirnnology parameters that have been 

surnmarised at large spatial scales. Most regional summaries published to date have only 

J d t  with pH. presurnably because of regional concem over the impacts of acid min 

i Cndrnvood and Schwartz 1989). Data collected dunng this study will btt used in a 

rrgional summary of water chemistry of surface waters of thc Maritimes. 

Evalurtion of Waterfowl Population Survey Data 

S ince brerding waterfowl sunfeys using helicopters were initiated in the Maritimes in 

1 986. the sun-ry design has changcd four times. Data collected during 1992-94 using 

consistent suney methods. provided the largest sample size. Data collected during 1987- 

89 on other survey plots provided data to veri. rnodels based on 1992-94 data. Data 

çollec ted during 1995-99 on a reduced number of plots per year allowed for trend 

analyses for the entire period between 1990-99. It is hoped survey methods d l  remain 

consistent in b u r e  years in order to provide data on long term trends in Black Duck 

populations. 



For the time period 1997-94. when survey methodology remained the same. there was 

annual variation in the number of Black Duck lBPs observed. For some plots the 

standard deviation was greater than the mean. To eliminate annual variation. the mean 

numbrr Black Duck IBPs during 1992-94 wis used as the single measure of Black Duck 

dsnsity during mode1 development. This annual variation. which will be considered as a 

phenomrnon separate from population trends. may have arisen from visibility bias. i.r.. 

al1 ducks are not seen on any given s w e y  (Baldassarre and Bolen 1994) or inaccuncies 

in drtermining IBPs because of the timing of surveys in relation to nesting phenology and 

the fact that B lack Ducks have sexually monochromatic plumage (Parker 1989). 

Rqnrdless of the cause. the magnitude of annual variation in Black Duck t BPs observed 

during suneys s-ould result in very large confidence intervals for habitat specific 

population estimates. This variation limits the utilitp of these population estimates from a 

sçienti tic or conservation perspective. 

The statistical effects of spatial autocorrelation were not considered when the suney 

plots w r e  establishrd in 1986. othenvise survey plots would have bern spaced a 

minimum distance. M e n  changes in study design were irnplemented in 1990. survry 

plots ( 1 00km2) were still not separated by a minimum distance. Even worse. the new 

sunry design incorporated four 25 km' survey plots nested within a larger 100 kmL 

s u n q .  plot. Not oniy did this introduce the statistical effects of spatial auto-correlation 

into the data. it also introduced the potential for disturbance from the helicoptrr to 

intluencr the number of waterfowl observed in an adjacent plot. Althouph in reality the 

rimount of spatial autocorrelation at the 25 km2 survey plot level was minimal. the 

distance between plots should be considered when the survey is designed. Using 

geostatistical techniques such as Kriging to interpolate population data is facilitated by a 

uniforrn distribution of survey locations (McKemey cf al. 1998). 

S u n q  plots should also be chosen to represent the entire area and habitat types used b- 

Black Ducks in the region of study. Complete geographical coverage is a good initial 

stcp in trying to survep d l  habitat types. However. to ensure that survey plots represent 

al1 habitat types an analysis of habitats within survey plots must be done as part of the 



sumey plot selection process. Some of the more productive habitats for Black Ducks in 

the Maritimes. cg.. salt narshes and tloodpiains are under-represented in the current 

suney  plots. By sumeying al1 habitat types. habitat specific distribution models could 

potentially provide a more accurate estimate of provincial Black Duck populations. 

The size of the survey unit also needs to be evaluated as part of the survey design 

process. From the perspective of having a sarnpling unit approximately the same size as 

the Biack Duck's home range. the 25 km' survey plot was preferable to the 100 km2 

s i inq .  plor (Bcutrl er ui. 1999: Roloff and Kemohan 1999). A recent classification of 

wtiands as waterfowl habitat was conducted at a 2.5 km *?.5 km spatial scale (Rempei 

~ j r  ui. 1997). The use of GPS and onboard cornputers to assign geographical CO-ordinates 

to sach observation during suweys. will facilitate analysis of data at multiple spatial 

scales ( Butler et c d .  1995). 

Models of Breeding Black Duck Distributions 

The best ut-erall mode1 for Black Duck IBPs. based on AICc scores (Mode1 62). 

esplainrid 87?/0 of the variation in the data. The difference between observed number of 

Black Duck IBPs in 3 kmL survey plots and numbers predicted by Mode1 62 was highrst 

t'or plots whrri: large numbers of Black Duck IBPs were observed (Figure 6.1 ). The 

modrl was lrss accurate at predicting high numbers of IBPs compared to moderate or low 

numbrrs. Plots with high numbers of Black Duck IBPs couid be considrred outliers 

using statistical screening tools (Tabachnick and Fidell 1989). Al1 plots were used in the 

modrl building esercise however. because the range of values observed in plots 

represents full reality. Plots with high numbers of Black Duck IBPs. such as 26 and 27. 

ma! represent the undue influence of migrating birds using coastai wetlands and large 

shallow lakes. There is also the possibility that local factors. such as wildlife habitat 

irnprovement or anthropogenic nutrients. could unduly influence the relationship between 

the amount of aquatic habitat. chernical limnology. and nurnber of IBPs. 



The spatial distribution of residuals for Model 62 [vas similar to the spatial distribution of 

Black Duck IBPs. with high residuals for survey plots where high numbers of Black 

Duck IBPs were observed (Figures 6.2 & 4.3). Positive values for residuals indicate that 

the observed number of IBPs was greater than the predicted number. whereas negative 

values for residuals indicate that the observed number of IBPs was less than the predicted 

nuniber. The relationship between the observed number of Black Duck IBPs and 

residuals \vas pronounced wïth an R' = 0.749. It should be noted that a scat~er-plot 

indicated that there was no relationship between residuals and predicted values of Black 

Duck IBPs ( R' = 0.07). and that the assumptions of normality. linearity. and 

homoscedasticity for linear regression were met (Tabachnick and Fidell 1989). 

Therr \vas spatial autocorrelation of residuals for the 25 km' survey plots within the 

larger 100 km' survey plot. i r . .  Lag Class 1 (Table 6.1) as was observed for Black Duck 

IBPs in Chaptrr 4. TIr degree of spatial autocorrelation for residuals was somcwhat lrss 

than that obsswed for Black Duck IBPs (Table 6.1 ). 

The data col lrctrd during 1986-89 (Parker 1989). allowed for an independent assessrnent 

of rnodels developrd using 1992-94 data. Although the number of lBPs in suney plots 

chanycd somewhat betwren the time periods of 1986-89 compared to 1991-94 (see 

Chapter 4). the similarity in reiative AICc scores and parameter estimates. indicate that 

the maximum Golct Score (Model 10 1 ) is a good predictor of the density of breeding 

Black Ducks. Other parameters that were important for 92-94 survey plots were nor 

important for 1986-89 survey plots. As was indicated by the high R' values for Mode1 

20 1 .  thcre n-as littlc difference between observed versus predicted values (Figure 6.3). 

The number of IBPs in Plot GPll.  an outlier. could not be predicted based on Mode1 10 1. 

Lnrge numbers of birds used one lake in this plot because of water-level manipulations 

(pers. obs). 

The use of the Golet Score as an index to Black Duck distributions facilitates thematic 

mapping of duck densities at various spatial resolutions and spatial ertents because Golet 

Scores already exist for the entire provinces of New Brunswick and Nova Scotia in a geo- 



rekrenced format. Higher order models. including such variables as  Stream density. lake 

area. salt marsh area. would currently be difficult to use at provincial scales because 

digital data is not available (either due to the nature of the data or because of the costs 

involved in buying digital maps). A separate model for inland survey areas may provide 

a. more accurate estimare of inland populations. hoviever doing this would require two 

separate rnodsls and would detract fiom understanding the relative importance of coastal 

habitats to breeding Black Ducks. Having two separate models would be especially 

problematic for Nova Scotia. which is surrounded by marine water on three sides. has a 

shorclinc lrngth of 10.700 km. with the maximum distance from the coast being onlp 79 

km. It should also be mentioned that local models. based on subsets of data can only bc 

jusriîïed if there are ecological reasons for doing so. Othenvise there is a high probability 

of over-titting the model to the data. rather than fitting the data to the model (Bumham 

and Anderson 19%). As discussed earlier. having an equal represenration of s u m y  plots 

in al1 habitat types facilitates creating habitat-based models. 

The univariate Golet Score model is a crude approximation of reality. ie.. actual nurnber 

of Black Duck IBPs. This study could not detemine if habitats are not used by Black 

Ducks because of low population numbers (Home 1983) or due to habitat selection. 

Hoivever its ability to explain a considerable proportion of the variation in Black Duck 

lBPs aniong sune): plots is important for wetland consenration. The importance of 

wetland quality. as mrasured by Golet Score. in determining Black Duck distribution at a 

lnndscape scale contradicts the argument that waterfowl habitat enhancement and 

consrnation is not required for Black Ducks because there are lots of naturai wetlands in 

Xew Brunswick and Nova Scotia. Black Duck distributions are more clumped than 

uniform across the landscape and Black Duck pairs will respond to favourable local 

conditions (Pollard et cri. 2000). Wetlands should not be treated genencally as wildlife 

habitat. r .g . .  bogs have a very different ecological and wildlife habitat function compared 

to cmergent marshes. 

From this landscape-level analysis of Black Duck distributions in Atlantic Canada it 

u-ould appear that Black Ducks will tolerate human disturbance in order to utilise fertile 



wetlands. This current anaiysis of Black Duck distribution is consistent with that 

obsenved for Mallards where the w o  species are currently sympatric (Belanger and 

Lehous 1994: Merendino and bey 1994). 

4Iodels of Trends in Local Black Duck Populations 

Monitoring changes in habitat conditions is critical to understanding population 

dynamics. This is demonstrated by the fact that a mode1 with four variables could predict 

\i ith 83O.b accuracy which s u e -  plots experienced increasing local Black Duck 

populations during 1990-99. hcreasing local populations were most affectrd by a 

positive relationship with Stream density and a negative correlation with variation in 

clevation. One plausible explanation is that increasing beaver populations resulted in 

more recently tlooded beaver ponds being available. Without actually knowing if beaux 

ponds and habitat availability increased during this time period. it remains speculatiw 

ihat habitat conditions improved during this time period. This question is worthp of 

future study. 

The total land area in forest cover was the only variable available to b r  used as a measure 

of habitat change in a recent effort at creating a continental population model for Biack 

Ducks (Conroy et uf. 1999). The disparity between what we know of Black Duck habitat 

selection at a local scale (Table 5.1) and what data is available to monitor habitat change 

31 regional and continental scales is alarming. If changes in habitat qualit); and quantity 

are responsiblr for observed changes in wildlife populations then trend analysis of habitat 

is essential. 

Models of Breeding Waterfowl Distributions 

The inability to model the nurnber of IBPs of Ring-necked Ducks. Common Mergansers. 

or Green-winged Teal in survey plots. highlights the significance of the explanatory 

power of the Black Duck models and lends support to the conclusion that the high 

predictive capabilities of the Black Duck models were not simply the result of large 



simple sizes and statistical power. The presence of one or more breeding pairs of Ring- 

nec krd Ducks wlthin a 25 km' area was correlated with total wetland area and total 

number of lakes. In contrast Green-winged Teal distribution was predicted by mavimum 

Golet Score. strearn density. chernical limnology of surface waters and presence of salt 

marshes. This information can be a starting point for any future development of models 

to esplain the density of breeding pairs. In the absence of any other information. being 

able to predicr the presence or absence of a species in a spatially defined area is useful. 

Logistic models did nos exphin the presence of Common Mergansers with a high degree 

of acçuracy. None of the habitat variables in the elobal model would be expected to be 

highly correlated with fish abundance. a critical component of Common Merganser 

habitat. .A future analysis of the lake area data could detemine the nurnber of lakss in the 

plots ihat werr greater than 25 ha. In the acidic lakes of south-western Nova Scotia. 

Common Mergansers were obsenred to onlp use lakes greater than 25 ha in size (Kerekes 

c i l .  1994). Whether this relationship would hold true for the riverine dominated. well 

but'fcred systems of New Brunswick is unlinown. 

Estimates of Black Duck Breediog Pairs 

The number of indicated breeding pairs of Black Ducks was estimated for 5 km*j km 

grid blocks throughout Nova Scotia and New Brunswick based on the maiximum Golet 

Score obsewed for wetlands in each block (Figures 6.4 and 6.5). The univariate model 

upon which thess maps were based did not account for al1 variation in the data (R'= 

0.79 1. md  did not include higher order terms. These maps do however indicate the 

relative importance of 5 km*j km grid blocks as Black Duck breeding habitat based on 

freshwater wetlands. It can be seen that high densities of Black Ducks are estimated for 

man! areas throughout New Brunswick but very few for Nova Scotia. In New 

Brunswick. areas of estimated high densities of waterfowl are found adjacent to the lower 

Saint JO hn River system. and the coastal plain of Northumberland Strait Highest 

estimated Black Duck densities in Nova Scotia are found in areas of fertile soils. Coastal 

areas in Nova Scotia did not have high estimated numbers of Black Ducks. presurnably 



brcause of the prevalence of bogs. The limitations of the single variable model for 

producing population estimates are illustrated by the map for Nova Scotia. 

1 n terms of the linear additive model. the estimated nurnber of breeding pairs of Black 

Ducks would increase if there were lots of lakes in the area. lots of salt marshes. and high 

rotal phosphorous concentrations in surface waters. The parameter estimates for these 

variables ivere however low in cornparison tu that for maximum Goler Score in the brst 

O\-srûll model (Mode1 62). As discussed earlier. imprecision in the estirnates of IBPs in 

an)- p i w n  s u n q  plot. and changing local populations on which the models were dtrived. 

contribute more ro the imprecision ofpredicted nurnbers of IBPs than using the simple 

Golst Score model. 

This study has shown that Black Duck distributions and local population trends can br: 

model led basrd on landscape-level descriptors of habitat. h u a 1  variation in the numbrr 

ut' Black Ducks observrd in survey plots reduces the precision of population estimates 

that c m  be derived fiom these models. The lack of digital habitat data limits the 

application of higher order rnodels to provincial scales. 

I r  is hopcid that suneys conducted in future years using consistent survey protocols will 

provide more precise estimates of Black Duck densities in suniey plots. If more precisr 

cstimates are not fonhcorning then this uncertainty will have to be incorporated into 

rnodels. The use of GPS and onboard computers will allow survey data to be compiled at 

various spatial scales using GIS in the future. 

The completion of new digital wetland inventories complete hith topographical base 

rnaps will allow habitat relationships to be explored at various spatial scales with relative 

sase. Habitat reIatcd data whether it be related to wetlands. river. lakes, chemicai 

limnology. hurnan disturbance factors or soi1 types should not thought of as separate 

entities. This study has illustrated that to understand regional viildlife populations ive 



nerd to understand changes in the quality and quantity of habitat at large spatial scales. It 

is hoped that monitoring trends in wildlife habitat becomes an integral component of 

monitoring rvildlife populations. 

Conclusions 

With regard to the main objectives. the following conclusions can be made: 

I ) Landscape-level descnptors of habitat could explain the observed distribution of 

Black Duck indicated breeding pairs. The best univariate model. based on survey data 

collrcted during 1991-94. explained 78 % of the variation and was based on mavimum 

Ciolec Score. .An analysis based on spatially independent s w e y  data collrcted during 

1986-89 contirmed the utility of the ma~imum Golet Score model (IX2=0.88). 

2)  Spatial autocorrelation analysis of the nested waterfowl survey plots used during 

1990-95. indicated that Black Duck data from 25 km2 s w e y  plots nested within 100 km' 

plois could be treated as independent observations. Spatial autocorrelation was higher for 

mnny of the landscape-level descriptors compared to waterfowl data. The issue of spatial 

aut»correlation should be considered when designing any survey program. 

3 )  Landscapr-level descriptors of habitat could not accurately predict the magnitude of 

population change in Black Ducks during 1990-99. However. they could be used 

successfully in logistic regression. The best logistic regression rnodel correct 83% of the 

timr in predictine C which sun7ey plots had an increasing number of Black Ducks. 

4 Landscape-level descriptors of habitat could not accurately predict the number of 

Ring-neckrd Duck. Common Merganser. and Amencan Green-winged Teal in survey 

plots. They could be used with v q i n g  success in Iogistic regression models that 

predicted the presence of one or more breeding pairs. The best logistic regression models 

hnd correct classification rates of 86% for Ring-necked Duck. 74% for Common 

blrrganser and 79 % for Green-winged Teal. 
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1 La!! 1 Average 
Class ' Distance 

Number of 
Observations 

Moran's 1 
ABDU 

Moran's 1 
Residual 

0.338 
-0.05 1 
o. 145 
0.131 
0.360 

-0.049 
0.028 

-0.052 
-0.189 
0.032 
0.049 

-0.125 
0.006 
0.073 

Table 6.1 - Spatial autocorrelation in number of Black Duck IBPs obsen-ed in PQUADs 
1992-94 and residuals t'rom best overall mode1 (Mode1 62). 
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Appendix A 

Description of Maritime Wetland Inventory Dominant classes and Subclasses 

Within the 8 dominant wetland classes (underlined) there are 34 different wetland sub- 

classes (numbered). 

.A. OPEN WATER CLASS: refers to wetlands with water depths of one to three metres 
and consists of five subclasses: 

1 ) vegetated: submergent. rootrd aquatic plants growing to near the water surface. 
Thrse plants may inc lude: Cernrophflz~m demersum. .Wyriophyllum sp.. Purnrnogrron 
spp.. Liriczrluriu spp.. Rununczrhrs trichophyllzis. 
2 )  non-vegetated: surface vegetation and near surface submergent vegetation is absent. 
3 ) fioating leaved: tloating leaved non-rooted aquatics such as Lrmnu minor. L. 
a - i w h .  Spiro~lrliu sp.. CVolfia sp.. Ricciocarplis nutuns may be present. 
4) rooted floating leaved: rooted aquatic vegetation with leaves floating on the waters 
surface such as Erc~senia schreberi. Yymphae odoruru. Nzrphar vuriegutiim. .b)*mphoides 
wr-clcii~rnt. Porcimogeron sp.. may be present. 
5 )  dead woody: dead s p m  are abundant. This habitat is often the result of beaver 
cictivity. f lowge areas of dammed watenvays. or old satvmill sites. 

B. DEEP MARSH CLASS: refers to wetlands that have an average water depth of 0.30 
rn to 1 rn dunng the growing season. Emergent vegetation is usually dominant with 
surface luid submergent vegetation present in open areas. It consists of nine subclasses: 

6 > vegetrted: as described for Open Water class. 
7 non-vegetated: as described for Open Water class. 
S I  dead woody: as described for Open Water class 
9 1 shru b bu: shrubs such as .l[vrica gale are present. 
1 0) robust: robust emergents such as Typha spp. are present 
1 1 ) narrow leaved: narrow leaved emergents such as Sparganizim sp.. ..lcorzrs culum~is. 
Zkoniu uqzuricn. and Scirpzis acutus are present 
1 2 ) broad leaved: broad leaved emergents such as Caltha palustris. Sagitfuria spp.. 
Poi~retlerin cordarc~ are present. These plants are less than 1 m ta11 and found in water up 
io 0.50 m deep. 
13 ) rooted fioating leaved: as described for Open Water class. 
14) floating leaved: as described for Open Water class. 



C. SHALLOW MARSH CLASS: descnbes wetlands with an average water depth of 
lsss than O. 15 m during the growing season. Surface water may be absent during rnid to 
late summer. Floating leaved plants and submergents are often present in deeper water 
areas that are devoid of emergent vegetation. These wetlands are often dominated by 
ernergent vegetation. This class consists of seven subclasses: 

15) non-vegetated: a possible subclass applying to water collection in artificial 
structures such as gravel pits or water holding ponds where the substrate is comprised of 
rocks or gravel. 

dead woody: as described for Open Water class. 
robust: as described for Open Water class. 
narrow leaved: as described for Deep Marsh class. 
broad leaved: as described for Deep Marsh class. 
rooted floating leaved: as described for Open Water class. 
fioating leaved: as described for Open Water class 

D. SEASONALLY FLOODED FLATS CLASS : refers to extensive river tloodplains 
where tlooding to a depth of at least 0.30 m occurs annually during fall. winter and 
spriny. During summrr. the soi1 is saturated with surface water occumng in areas of 
lowr  devation such as os-bow ponds. drainage ditches and shallow depressions. This 
class incorporates vegetative components of the Meadow and Shrub Swamp. but its 
tloodplain location makes it unique. Typically. ernergent vegeration is dominant. but 
shrubs and scattered trees rnay be present. Seasonally Flooded Flats consist of two 
subclasses: 

32)  erncrgent: meadow emergents dominate with marsh emergents in wetter areas. 
cspecially dong the watercourse. 
23 ) shrub: shrubs such as d h s  riigosa or Mvica gale form the main vegetative 
component. 

E. MEADOW CLASS: refers to wetlands dominated by meadow emergents with up to 
0.15 cm of surface water during the late fall. winter and early spring. The soi1 is 
saturated during the growing season and the surface is exposed. except in shallow 
depressions and drainage ditches. Meadow consists of hvo subclasses: 

24 > grazed: most of the grasses and sedges are selectively removed by grazing 
livestock. Shmbbp species such as Spirea karijolia. Jlinc~cs spp. and Scirpiis spp. ma? 
persist. 
2 5 )  ungrazed: refers to wetlands where meadow emergents such as Cafumugros~is 
~*tnicitlensis. Phalaris anindinacea rnay form tall. pure stands. Various components of 
shrub swarnp may be scattered throughout. A rneadow rnay be the result of flooding and 
subsequent draining of a pond either through the activity of beaver or man. Ungrazed 
rneadows ma? become shrub swamps or wooded swamps if processes (flooding. ice 



scour. or grazing) do not continuously remove deciduous plants that try to establish on 
the site. 
26) sedge: areas of predorninantly Carex spp.. often times associated with washed out 
bsaver ponds or along the edges of large acidic lakes. 

F. SHRUB SWAMP CLASS: refers to wetlands dominated by shrubs where the soil is 
scasonally or permanently flooded with as much as 0.30 m of water. Carex spp. are otien 
the ground cover under shrubs with meadow emergents occupying wetter areas. This 
class consists of three subclasses: 

77) slender: ta11 slrnder shrubs such as .4cer rirbrzim and .-lln~is rugosa are the dominant 
species of ve_eetative cover. 
28) compact: compact shrubs Form the main vegetative cover. e.g.. .C[vricu gale. 
29) Iow sparse: low sparse shrubs form the main cover. e.g.  Spirueu larifoliu. S. 
ion1 L!~?!O.W. 

G .  WOODED SWAiMP CLASS: refers to wetlands dominated by trees growing in a 
rnuck soil. The soil surface ma? be seasonally flooded with up to 0.30 m of water. 
Sc.\-cral 1svt.l.s of vegetation may be present including trees. shrubs. and herbaceous 
plants. In mature cvooded swamps. differences in elevation may result in pronounced 
micro- habitats. where trees and shrubs occupy the drier areas. Whereas marsh emergents 
ruid k m s  ma? occupy the ephemeral pools of standing water. There are two subclasses: 

30) Deciduous: deciduous trees such as Acer nrbriim. and Frainirs nigru are dominant. 
3 1 Erergreen: evergreen trees such as Thirja occidenralis are dominant. 

H. BOG CLASS: refers to wetlands where the accumulation of Sphugnirm rnoss as peat 
determines the nature of the plant community. Floating Sphczgnitm mats may encroach 
over the surface of any open water. This class consists of three subclasses: 

3 2 ) Woody : rvergreen trees such as Picea mariana. and Larix laricina are present. 
33 ) Shrubby: low compact s h b s  form the main vegetative component. cg.. 
C'hnicietkcphnr calyirlu~a. Rododendron canadense. Kalmia spp. 
34) Open: refers to areas of the bog occupied by low creeping shnibs such as Ckcciniitm 
spp.. as well as curex spp. and Cladonia spp. 



Appendix B -Description of Golet Scorhg System criteria 

1. Wetland class richness 

This criterion describes the number of wetland classes present in a wetland. where 2 ha is 

the minimum area recognisable as a separate class. As class richness increases. so does 

the likelihood for greater wildlife species richness. Wetland class richness is the broadest 

and single rnost important criterion for rvaluation. 

2. Dominant wetland class 

Soms wtland classes have greater value than others for wildlife diversity and 

production. and certain classes provide the only suitable habitat for some species highly 

valurd by society (e.g.. waterfowl. rare species). Dominant life form of vegetation. watrr 

depth. and permanence of surface water are the major characteristics considercd in 

rnnking classes. The dominant class is the one that clearly occupies the greatest area. I F  

two or more classes are CO-dominant. the ranks are averaged. 

3. S k e  Categories 

Kc.tlands arc ranked from larfest to srnailest. according to the general pnnciple that as 

s i x  increases. so does wildlife value ((Brown and Dinsmore 1986). Greater size usuaily 

rcsults in greatrr insulation from human disturbance. greater habitat diversity and greatrr 

wtland lonyevity. In addition. wetlands larger than JO hectares are ofgreat value to 

tlocks of miyrating waterfowl. 

4. Subclass richness 

This variable also assesses habitat diversity . Just as particular li fe forms characterise 

subclasstis. particular sub-forms charactense subclasses. A wetland's broad wildlife 

valus increases as the number of subclasses increases. A wetland segment must be at 

lcast 0.5 ha in size to be recognised as a separate subciass. 

5. Site Type 

Bottomland wetlands are generally more valuable than upland wetlands because of 

creatcr soi1 fenility. more sustained surface-water levels. and longer geological 
L 

permanence. Sirnilrirly. wetlands associated with open water bodies are usually more 

valuable than isolated ones. Usine this rationale. site types were pouped into three 

caregories for evaluation. 

6. Surrounding Habitat Types 



Freshwater wetlands bordered by forest. agricultural/open land. or salt marsh are more 

valuable to wildlife than those adjacent to intensively developed land. Futhermore. 

di\-ersity in the surrounding habitat (e.g.. freshwater and saltwater habitats) increases the 

possibility of wildiife diversity within the wetland. The percentage of the surrounding 

occupied by less intensively developed types and the nurnber of different types present 

determine the rank for this criterion. 

7. Cover t v ~ e  

This variable c m  be assessed in wetlands consisting of one or many wetland classes. 

oltliough its value is most evident in rvaluating deep and shallow marshes. Equal areas 

of open water and smegent vegetation (hemi-marsh) in a wetland will providr optimal 

habitat for ivaterfowl ruid marsh birds (Murkin rr ai. 1982: Weller and Spatcher 1965). 

I lighest ranks are thus given to wetlands with nearly equal proportions of cover and 

Luter. Areas uith nearly total cover or total open water receive low ranks. In addition. 

çover interspersed with water is deemed more valuable than a band of cover surrounding 

8. Vcgetative Interspersion 

.-\ wetlmd receives a rank for this criterion according to which interspersion type ii 

npprosimatrs. High r d s  are associated with an abundance of edge behveen sub-form 

staiids. srnall size of such stands. and a large nurnber of different kinds of edge. 

9. Wctland ,Juxtaposition 

Habitat diversity is usually higher if the wetland is located nrar other wetlands. rspecially 

if the adjacent wetlands contain different classes or subcl~ses.  Moreover. the diveni- 

vatue incrcases if these wetlands are interconnected by strearns. In such cases. wiidlife 

(rspecialiy waterfowl) can move safely betwern wetlands to best meet their habitat 

requiremrnts. Radio-trlemetry studies indicate that female Black Ducks wiil use a series 

of wetlands located along streams (Ringelman and Longcore 1982). 

10. Water Chemistry 

Water chrmistp influences the presence. abundance. and distribution of aquatic plants 

and invertebrates (Bendell and McNicol 2987: Schell and Kerekes 1989: Staicer et al. 

1 9 9 3  Specifications for pH classes were based upon Golet's (1 9733 data for 95 ponds 

and lakes in ~lassachusetts. 
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Appendir C - Summary Data of Ecological Descriptors of Suwey Plots 

Nova Scotia Plots 
Plot !Station 

26/Halifax A 
261 Wsstphal 
271Timberlsa 
281St. Margaret's Bay 
29 1 Bridgewater 
301 C h;irles\.ille 
3 1 Charlesipi t le 
3 2  Kcjimkujik Park 
331Bear River 
34 1 .-Innapolis Royal 
351 ~ummen. i l le  
36ihlount Uniacke 
37'Malay Falls 
381 Middle Musquodoboit 
39: Trafalgar 
40 Truro 
4 1 1 Parrsboro 
12! Pugwash 
43ILyons brook 
41iCollegc~ille 
45Collrge\ille 
461 Deming 
47lSydney A 

481 Sydney .A 

191 Ingonish Beach 
501 Port Hood 

Years / plot 
New Brunswick Plots I 

-- 

station 
Baltimore 
Parkindaie 
Moncton 
Harcourt 
Wisgins Point 
Acadia Forest 
S t  John Airport 
Hoyt-BlissviIle 
Mac Adam 
Canterbury 
Juni per 
Aroostoc k 
Nictau 
McGraw Brook 
blcGraw Brook 
Acadieville 
Harcourt 
Acadieville 
Harcourt 
Kouchibouçuac 
Bertrand 
Bertrand 
Upsalquitch Lake 
C harlo 
Kedgwic k 
S. Br. Kedgick River 
S. Br. Kedgwick River 

Years i 
1983-94 I 
1983-94 i 
1983-94 ! 

1983-94 
1983-94 
1983-94 
1983-94 
1983-94 

Table C. 1 - Climate stations and years of data used in calculating summary climate 

statistics for plots. 



Table C.2 - Surnmary by PLOT O 

[ 
land cover classes. 



Plot; Total Roads (km11 Total Buildings 
t6i 480 

1 1 

Table C.3 - Summary by PLOT of totai road length (km). and number of buildings. 



Plot Slopc . : P O  Slope 4-9?& 

Table CA - Surnmaries by PLO' 

Slope 10-1 5% Slopc 16-30". 
?O ( 

- 

' of dope classes. 



SFBIJ 1 SFD i SFF13 1 SFH 

Table C.5 - Surnrnary by PLOT of surf ce fonn classes. 







RTDP# RTDPA RTDPB RTDPC RTDPD 

Table ~ . ' 8  - S u m m q  by PLOT of surface &terial and rooting depth classes. 





)i L 

~3bls.c. 10 - ~urnr&y b i  PLOT of siil development classes. 





PLOT ' DRAIN# 

1 

Table C. 12 - Sumrnary by PLOT of soi1 drainage classes. 



1 

Table C. 13 - Summary by PLOT of strearn density (km/kn 
0.225 / 

') and lake area (km'). 



PLOT 1 M'ET 1 B SFF [ S M  

Table ~ .h -  ~ o t a l  nurnber and dominant clks of witlands ~~ 'PLOTS.  



Table C. l j  - Size k d  number of clAses of ktlands 







LIOJCXT j JPI 
23.7 
9.09 

36.36 
4 1.76 

25 
20.37 
53.93 
71.05 
57.14 
44.44 
13 17 ----- 
36.09 
25.13 
1 1 . 1  1 

3 .13  
42.3 1 
27.11 
19.73 

1: 

I3.4Ç 
X8.OC: 
1 1.46 
7 $  C *  --. - 
1 7 -  -.-. 

( 

38. I 
4 1.6; 
23.2: 

19.: 
11 7 -  
19*5: 
5 l.9t 
28.8: 
71.9: 

4 
45.4: 
4 1.6' 
59.6: 
42.8t 
19.6' 
10.8 
14.7: 

13.' 
0.3: 
o.: 

1.3: 
2.0' 
OS 
0.7: 
0.4, 

I 
F 
1 
S 
i 
3 
5 
il 

I/ 
3 ( 
71 

/ , , ,  

2 

Table C. 18 - Iuxtaposition scores and % of wetlands in juxtaposition cal 
- 

:gories C b i  PLOT. 



SITES 

bh h': 

42.86 
U.4-S  
hf.12 

83.33 
30.43 

58.7 
l9 .b  1 
42.3 l 
17.07 
25.71 
38.64 

8 .33  
1- 43 

1 
n site type categories and mean Table C. 19 - Percentage of wetlands 

open cover by PLOT. 
score for forest cover and 





l'lot / \ ICLIS f XIOCLIS 

I I 

I Scores and GoIet Scores f 

SSCOR 
7538 
289 1 
1 150 
5002 
448 1 
7912 
4974 
2 194 
106 

i 559 
45 12 
7123 
9958 
733 1 
5475 
1464 
3462 
1944 
97 l 

"324 
3478 
4824 
3413 
2 157 

I ja 
IO97 

1932 
; by PLOT. 



Table C.22 - Summary by PLOT of days u 

3PJLXE ( mm) 
1 O4 
8 3 

IO4 
Il3 
Il6 
116 
98 
98 
53 
75 

1 ou 
1 03 
1 0 5  
8 8 
9 (1 

1 I O  
') (1 
96 

108 
1 O13 
118 
97 
97 

O? 
8 4 

I l 3  
1 If 
98 

9' 
st 

1 0: 
I I f  
9 1 
8: 

10: 
10 1 
9c 

1 1 1  
1 Ot 
1 O( 
9: 
9: 

9 1 
7: 
71 

11: 
8: 

10: 
9: 
9: 

th snow anc 

PPGS (mm) 
399 
382 
412 
419 
4 2 0  
420 
39 l 
3 84 
3 29 
308 
4 13 
4 16 
415 
3 ÏO 

367 
43 1 
357 
346 
420 
J 20 
435 
3 78 
3 7s 
107 
327  
4 3 1  

3 89 
368 

PPYR (rn;; ,i 

total precipitation (mm). 





Appendix D 













Calcium (mgll) 

46 31 32 30 39 30 37 26 55 27 28 33 56 49 28 58 36 40 54 66 41 24 53 61 18 67 63 65 45 52 64 47 59 60  35 73 70 69 60 57 42 51 71 44 75 43 62 50 72 74 

Plot Number 















Total Nitrogen (mgll) 

Plot Number 

Vigurc 11 14 - I.east squiircs iiiciiii iiiid stüiidard error of iotol iiitrogcii (iiig/l) in siirl'açc waters of siirvcy plots. 



































Appendix E - Waterfowl Survey Data 1986-1999 

Year 1 Nova Scotia 1 New Brunswick 

- 

May 5 .  6. 11 .  15.20 2 1  1 May 5.6. 10 
l 

1987 May 11.  12 -13. 14. 14. 1 May 5.8.9 
- 

i 
May 5.6. 7. 8. 13. 14 1 May 4. 5. 6.  7 

- 

1 
1990 Apnl :O. May 2. 3.4. 8. 9 1 April 30. May 1.3.5. 8. 16 l . 
1 '19 1 April 30. May 1.1.5.6. 8.9. 10 / M q  8.9. 10. 1 1  

1993 May 1.4. 5.6. 7. S. 9. 10. 1 1  ! May 13. 15. 16.17.18.19 

Table El - Dates of waterfowl surveys in New Brunswick and Nova Scotia 1985 - 1999. 

199; .LIay3.4.5.7.8.9. 10. 11  i May 14. 15. 16. 17. 18. 19 
1 

1994 SIny2.5.4.5.7.8.9. 10. 11.  II 1 blay 14. 16. 17. 18. 19.20.21 
T 

1995 May 2. 3 - 4 5  / May 10. 11.  12 I 

1996 : . C l a y 2 . 3 . 5 . 6 .  May 9. LO. 14. 15 
I 

1 

1997 May 3. 4. 5.6 : .May 1 i .  12. 13. 15 

1998 A p d  27.28.19 April30. Ma); 5.6.7. S. I O  

1999 Apnl 30. May !. 2 
t ! May 3.4. 5.6. 7 
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MZUI 
' 

S.D. i 
86-89 86-89 1 

IBP IBP 
56 87 Samc 

Salmon Ritrr Long Lahs 
Future No. 

\Iitchcll L A C  
Dunbar Lakt 
Smith Dam Flowrige 
Como Lake 
h!ulgr~\ c h k c  
Paul \forris Lakt 
I~altiiiq Brook LAC 
Qurinz L.rikc 
\l'est Petpcsw tck 
.Antigonish 
Flat Iron Lake 
\tncE:lmons Pond 
\l'c;lthcrhcd Lake 
'1-idnish 13ridge 

Grant illc F e q  
RandriIl Lakt 
U'oodtr rird Sant'ord I A r  
Ratidon 
1 fcnnigar Lake 
Khodcnircr Lake 
Sc\ en Xtilc Lrikt. 
L-ittlc Eiarbour Lakc 
Pubnico 
Big Cook Island 
ISrçond Lake 
IBrtrrio LAC 1 

BPs) of Black I. 
j 1 1 

~ k s  in 25 km' sui 
\!9:1 I ~ c n t n l  Lakt - Kcji 

Table E3 - Indicated breed 
3 2.4 

ng pairs plots in 

N o w  Scotia during 1986-89 (unpubl data tiom (Eekine et al. 1990)). 



IBP IBP 
PQCAD / 90 1 91 

IBP 
92 

Table E-l - [ndicated breeding pairs (IBPs) of Black Ducks in 75 km' survey plots in New 

Brunswick during 1990-94 (unpubl. data from (Bateman and Hicks 1993). 



IBP 
93 

6 
4 
4 
6 

8 
9 
5 
5 

18 
I 
J 
4 

I 
I 
I 
I 

-1 
i 

2 
3 
1 

O 
i; 

1 
4 
4 
(: 

l 
1: 

1 
1 
.1 

i 

4 

i 

IBP 
94 

1 I 
6 
3 
3 
1 
9 

12 
3 

18 
3 
0 
4 
1 
3 
3 
5 
3 
3 
7 

4 
O 
(1 
n 
I 
I 
3 
1 - 
3 
O 
1 - 
i .. 
1 - 
4 

O 
1 - 

3 
1 
1 
O 

Table E-l (cont'd) - Indicated breeding pairs (IBPs) of Black Ducks in 25 km' survey 

piots in New Brunswick during 1990-94 (unpubl. data from (Bateman and Hicks 1993)). 



1.60 
0.40 
1.80 
3 .XI 

2-23 
1.75 
o. ja 
7 7 5  -.-- 
L O U  
2.25 
2.20 
1.K 
1.8C 
1 . 3 1  
1.8C 
1 .a; 
0.2C 
o .or  
I.0C 
l.8C 
1 .& 
0.JC 

1 .O1 
0.JC 
0.81 
0.21 
1.M 
1.41 

Table E l  (cont'd) - Indicated breeding pairs (IBPs) of Black Ducks in 25 km' survey 

plots in New Brunswick during 1990-94 (unpubl. data from (Bateman and Hicks 1995)). 





26A 
26 B 
26C 
26 D 
27A 
27B 
27C 
27D 
ZSA 
I S B  

IBP 
94 

9 

13 
17 
4 
8 

1 O 
7 

16 
4 

6 
3 
7 
8 
O 
I 
J 
1 
7 
7 - 
3 
4 
1 
i 

a 
6 
1 
1 
1 

I 

< 

1 

11  

1 

Table E6 - Indicated breeding pairs (IBPs) of Black Ducks in 25 km' survry plots in 

Xova Scotia during 1990-94 (unpubl. data from (Bateman and Hicks 1995)). 





1 [BP 1 IBP 
POCJADI O 1 91 

IBP 
92 

IBP 
93 

7 '1 
5 1 

1 
0 1 

i 
I 1 1  

1 l 
7 I - I 
JI 

3 l 
I i 

I l i  
3 1 
7 1 - ,  

2 1 
01 
I 
C i  

4 l 
O l 
O 1 
41 
3 ;  
1 '  
6 i 
I l  
t i 
71 

1 I 
1 
8 l 

O! 
0 1 
1 I 
0 1 
I l  

101 

01 
7 1 

I 

Table E6 (continued) - Indicated breeding 
I 

;) of Black ~uck;in 25 km' survey 

plots in S o m  Scotia during 1990-94 (unpubl. data from (Bateman and Hicks 1995)). 



i IBP j IBP 
PLOT 1 90 1 91 

IBP 
92 

IBP 
93 

Table E7 - Indicated breeding pain (IBPs) of Black Ducks in 100 km2 survey plots in 

Vo1-a Scotia during 1990-94 (unpubl. data from (Bateman and Hicks 1995)). 





i Plot 
Routr: 1 Sumbsr 

Obsrn ation 
Periods 

Population ] Trend 1 Ovenll 1 Log I 

Table E9 - Local trend estimate parameters for Black Ducks from New Brunswick 

suri-eys 1990 - 1999 (unpubl. data from (Collins 1999)). 



Observation 
Periods 

Population 
Wtight 

Trend 
Precision 

Table E 10 - Local trend rstimate parameten for Black Ducks from Nova Scotia sunreys 

1900 - 1999 (unpubl. data from (Collins 1999)). 



Black Duck 1 Ring-necked Duck 

IBP 

Cornmon Merganser 1 Green-winged Teal 
IBP( SE IBP/  SE 

1 WO I 5 1 501 10791 5003 1 1433 

Mallard 1 Wood Duck ! 

SE/  

Table E 1 1 - Estimated number of indicated breeding pairs and standard error 

of duc ks in S tratum 1. 1990-99 (unpubl. data lkom (Collins 1999)). 



Table E 12 - IBPs of Mallards and Wood Duc 
I 

:s in survey plots 1990-9 







Ovenll 
Wcight 

0.55338 

1 .O9345 

O. JO587 

0.40 1 46 

0.34745 

1.65803 

0.47676 

0.80291 

,Llallrird 
Log Slope 

0.0232 1 

0.77337 

0.0609 

-0.00936 

-().O96 19 

1 .0O8 

0.6858 

-0.1 5824 

Trend 
Prccision 

1.7 

1.6 

2.89 

2.19 

1.3 1 

1 1.93 

3.89 

4.38 

Route 

l'cible E 15 - Local trend cstimate parameters for Mallards in New Brunswick and Nova 

Scotia sun.eys 1990-99 (unpubl. data From (Collins 1999)). 

:Overall Irilnd , 

'recision 1 Wcight 

1.71 0.41227 

0.8 0.39327 

6.42 I .-!SOI 7 

1 1 -02 2.67976 

1.6, 0.78655 

4.881 0.80893 

4.881 0.80895 

2.3652 

j . j g ,  1 0.82385 

4.591 0.92058 

4 . 3  0.4951 7 

Population 
Weight 

Sumbsr  o f  Survry 

Table E l 6  - Local trend estimate parameters for Wood Ducks in New Brunswick and 

N o u  Scotia sumeys 1990-99 (unpubl. data fiom (Collins 1999)). 

O. 4 

0. 8 

0.286 

Obscn ritions 
7 

560521 J 1 I 
56053) 5 1 

Psriods 

- 
l 1 

h5028 hiii261 7 
1 

0.256 

h502ilj 8 1 1  I 0.25 

h5030l 
1 1 1  1.167 

h50421 i 0.333 
I I  

hSii4SI 7 1 l l 0.57 1 



L 

Table E 17 - Local trend estimate panmeters for ( 

Numbsr of Sune)- Population 

New Brunswick 

Rouie ! ~ h s e n a ~ i o n s  / Psriods 

and Nova Scotia s w e y s  1990-99 (unpubl. data fiom (Collins 1999)). 

Weight 



Population 
Wsight 

3.5 
8 

4.57 1 
7.286 
4.625 
7.557 
8.625 
7.286 

0.4 
4 

2.333 
0.6 
1.5 
1 - 
I 

0 .5  
3.75 

0 .4  
4.711 

3 
1 

1.5 
' i  
, - 

4 

4.5 
'I 

7 

1 1 . 2  
1.85; 
0.872 
0.85; 
4.  12: 

0.2: 
0.372 

i Route 
1 

O v e d l  
Weight 

0.69427 
2.973 12 
1 .75998 
1.88526 
0.97405 
2.263 13 
2.42497 
2.34479 
0.07393 
1.10207 
0.61013 
O. I l O89 
0.464 19 
0.6 1893 
O. 1478q 
O. 12357 
1.1604s 
0.07393 
1.7457; 
0.57523 
O. 76698 
0.7045: 

Numbtr of1 Sumq 
Obscnations ( Periods 

3 
1 1 

Table E 18 - Local trend estimate pakmeten for Ring-necked Ducks (RNDU) 

56053 j ! 

in Xew Brunswick and Nova Scotia surveys 1990-99 (unpubl. data hm). 



Sunrzy 
Period 

Population 
Wright 

0.8 
0.667 

I .75 

2.25 
0.667 

0.857 
1.6 

3 -429 
1.25 

2.571 

1 286 
5.167 

1 

5.5 

9 
5.3 

7 - 
1.5 

1.5 
1 .S  
4.5 

0.286 

0.625 

0.425 

1.62: 

1.872 

1.87: 
o.: 

I 
1.35; 
2.87: 

I 

1.14: 
2.85; 

O. 425 

Trend 
Precision 

O v e d l  
Weipht 

0.41 189 
0.33522 
0.89248 

0.33522 
0.44773 

0.81 17 

1.77102 
O.6436 1 
1.32897 
0.683 

2.7883 1 
0.50142 

1.75497 

1.5734 
2.7578 1 
1.01631 
0.752 13 
0.76223 
0.752 1 j 
1.2563Y 
O. 15276 

0.32852 
0.2256 1 

0.842 1 i 
0.9855: 
0.97 173 

0.2628 1 
0.5264: 
0.97764 

1.51 1 1 ;  
0.51211 
0.61 IO! 
1 .504ot 
I .O5 12: 
O. 229 1 : 
l .5042t 

Table E 19 - Local trend estimate parameters for Common Mergansers (COME) 

in New Brunswick and Nova Scotia surveys 1990-99 (unpubl. data from Collins 1999). 



z i LSSIZE 0.7573 I 10.97 0.277721 0.0 I I 144 131 3 . 9 2  I 1 o.oooi / 
i l I I 

i M$el 1 1 Parameter 

81 MXSCOR 1 0.78731 86.71 0.0053871 0.00 102058/ 5.2781 0.000 1 j 
1 

LSSIZE l 0.094052 ( 0.03633 48 1 1 2.5881 0.01041 
l 
1 t 1 

! , 

Standard T for HO: 

9 LTOTLAK 1 0.78561 s8.22i 0.267 1341 0.0j~39771 5.1 141 0.000 1 1 , 
LSSJZE ' I 0.219001I 0.015560171 14.075 1 0.000 1 / 

1 

I 

1 ! 

1 

Table F 1 - Univariate and bivariate models of Black Duck IBPs in PQUADs. 1992-94. 

1 
I I 1 LIYSCOR 0.7823 1 9 1.34 

I 

TOTAL 1 I 

Error 1 Parameter=O 1 ; Prob > lT/ 1 
0.00029799 26.5681 0.000 11 

I i 

Mode1 / Variable ! Estimate 

I l 

0.007291 0.00053 1641 
1 

13.7171 0.000 1 1 
0.0025441 0.00 17946 1 1.417/ O. 15791 

I ( MXSCOR 1 0.780 1 / 9 1.29 
I 

0.0079 17 



Mode1 

. LSALTHA I 
I ~ M S S C O R  1 0.8157 

LSSIZE I 
'LSALTHA j 

ISiLTOTLAK , 0.83 15 
LSSIZE 
LSALTHA i 

I 

181bIXSCOR 1 0.8157 
LSSIZE ~ 
LSALTHA ; 

19lblSSCOR , 0.81-W 
LTOTLAK 1 
TOTAL 

20lM'iSCOR i 0.8142 
LTOTLAK 1 
LSSIZE : 

Table F2 - Models ( 3  variables) of Black Duck IBPs in PQUADs. 1993-94. 

Parameter T for HO: Prob> i 

, ,TI i 
0.000 1 
0.0001 

Ai 1 Estimate , Error 1 Parametel-O 

0.2288291 0.0398201) 5.747 0.0001 
I 

15.457 
6.907 

3 1.6 1 0.005766 0.00037303 
0.3007271 0.04353887 



Mode1 
I 

Parameter 1 Standard 
~ o d e l /  Variable 1 R~ A i  Estirnate 1 Error 

21 ;LTOTLAK 0.8545 14.94 0.344308 0.04281377 
~MXSCOR 0.011018 0.00124777 
! p i  O. 17795 1 0.0405 1393 
1 LSALTHA 0.256597 0.0386 1 206 

T for HO: 1 

0.000 1 
4.392 0.000 1 

'LBUILD 

231 XIXSCOR 
LTOTLAK 
LSALTHA 
LELVSTD 

2 4  b1XSCOR 
LTOTLAK 
LS-ALTHA 

' PC.42 

251 h1XSCOR 
LTOTLAK 
LSALTHA 
iSOILPH 

261MXSCOR 

I 
LTOTLAK 
LSALTHA 
TOTAL , 1 -0.000539( 0.00 17380 1 1 -0.3 1 

i 1 1 
271 MXSCOR 0.84021 33.671 0.0059 16 0.0008 1299 7.277 

LTOTLAK 1 0.298345 0.045 12928 6.6 1 1 
LSALTHA ! 0.229347 0.0399955 5.734 
LSSTM I -0.035283 0.1 7007 16 1 -0.207 

! i 1 ! 
! 1 I I i 1 

Table F3 - Models (4 variables) of Black Duck lBPs in PQUADs. 1992-94. 



Mlodel i Variable 
28(hlXSCOR 

' LTOTLAK 
1 LSALTHA 
LELVSTD 
LBUILD 

Mode1 l Parameter 

1 i I 
30 MXSCOR 0.8578 12.48 0.01 1514 

ILTOTLAK : 0.34 1042 
. LSALTHA j l 

1 0.260894 
PI ' , 0.1 26494 

I 

LELVSTD 1 1 1 -0.1 10762 1 
I l I 

f LTOTLAK j I i 
0.324373 

LSALTHA : 1 0.26365 
P 1 O. 16220 1 
LSSIZE ~ 1 0.04377: 

1 I 
32bIXSCOR ; 0.8557 0.00851 

LTOTLAK / 1 0.3 1015t 
LSALTHA I I I 

0.223 83 5 
PCA2 l 0.050 16: 
LELVSTD / i 

I 

-0.13 12' 
t 

0.00843f 

LXSTM 0.38435' 
LELVSTD -0.23590~ 

I 

; LTOTLAK ' 
' LSALTHA 
SOILPH 
' P  1 

Standard 
Error 

O.OOO884 15 
0.041 02956 

0.040 1627 
0.04489946 
0.0 1970999 

0.00 124862 
0.043153 19 
0,04068 1 O7 
0.03984359 
0.01943 137 

0.00 125892 
0.04246191 
0.03333298 
0.04687975 
0.05208 16s 

0.00 172703 
0.0453770 1 

0.039036; 
0.043 1983: 
0.0334949; 

0.0009282; 
0.04 i 83 79 1 
0.040236 1 1 
0.0240 152; 
0.047475 1 5  

0.00095 1 1 f 
0.044283 1 ': 
0.0383662: 
O. 1863347' 
0.05 16779 1 

0.00 I 6 8 E  
0.0468259t 
0.04057 18! 
0.02282 1 1' 
0.0469 194' 

T for HO: 1 
Parameter-O Prob > IT) 

9.81 0.0001, 
7.959 0.0001 
4.961 0,0001 

-1.769 0.000 1 / 
3.536 0.00051 

1 

Table F4 - Models ( 5  variables) of Black Duck IBPs in PQUADs. 1993-94. 



Parameter 
Estimate 

0.010883 
0.34855 

0.2 12507 
-0.146702 
0.065989 
0.1 14717 

0.00802 1 
0.356 123 
O. 199875 
-0.26522 
0.069 1 23 
0.375285 

0.007 127 
0.3 15012 
0.2 18305 
0.071519 
0.084726 
O. 152792 

0.008872 
0.>08054 
0.20 156 

0.104813 
-0.202675 
-0.005 1 53 

0.006475 
0.303902 
0.202 178 
0.07783 
-0.1 767 

0.055337 

0.0 10381 
0.33 1883 
0.2 16338 
0.0888 1 

-0.00490f 
0.17010C 

Standard 
Error 

0.00 124079 
0.04 142784 
0.03998 179 
0.05 1 84056 
0.0 1950528 
0.04580503 

0.00093 167 
0.043 1 1696 
0.03982875 
O.OjO89ïj 1 
0.0 I9537j6 
O. 18 108863 

0.00 180527 
0.044 19598 
0.040 18756 
0.02038 1 86 
0.03439 16 1 

0.04 1 I IZC 

0.0008823 1 
0.04 1682s 

0.03985204 
0.02598245 
0.0348823$ 
0 . 0 0 3  i 1 91 

0.00 17688: 
0.043 86 t 3 1 
0.040 10592 
0.0104575: 
0.0520024f 
0.038660 1 1 

0.00 12400 1 
0.04306081 

0.04040 l t 
0.026 1522; 
0.0025364' 
0.04004375 

T for HO: 
P a r a m e t e d  

8.77 1 
8.113 
5.3 15 
-2.83 
3.383 
2.504 

8.609 
3.259 
5.018 

-5.21 1 
3.536 
2.072 

3 -948 
7.138 
5.432 

Prob > [Tl 
0.000 1 
0.000 1 
0.000 1 
0,005 1 
0.0009 
0.0151 

Va ria ble 
~ ~ X S C O R  
LTOTLAK 
LSALTHA 
LELVSTD 
LBUILD 
P 1 

MXSCOR ;r 
L T O T L A K  [ 
LSALTHA j 
LELVSTD 
LBCILD 
LXSTM 

37ihIXSCOR ' 0.5644 
LTOTLAK 1 
LSALTHA ' 
LBUILD 
LSSlZE 

,PI , 
l i 
l 

I 
38151SSCOR 0.86-i>( 5.21 

LTOTLAK j 
LSALTHA 

I 

LBUILD ; 1 
LELVSTD ' j 
R0.4D 

I 1 
39iXISSCOR i 0.86281 7.4: 

L T O T I A K  1 1 

LSrlLTHA I 
l 

LBt j ILD I 

LELVSTD I 
i 

LSSlZE 1 I 
1 
I 

10MXSCOR ; 0.8618) 7.4: 
LTOTLAK , 

lLSALTHA 1 
ILBUILD 1 

1 
1 

i 
ROAD 1 I 
1 P 1 ! 

Table F5 - hlodels ( 6  variables) of BIack Duck lBPs in PQUADs. i992-94. 



Mode! Variable 
451 MXSCOR 

LTOTLAK 
LSALTHA 

MXSCOR 
LTOTLAK 
LSALTHA 
LBUlLD 
LELVSTD 
ROXD 
P i  

471'LINSCOR 1 0.867: 
LTOTLAK 
LSALTHA 
LBL'ILD 

1 

L E L V 5 T D  
ROAD I 

L S S T M  , 

48i MXSCOR 0.867i 
LTOTLAK 
LSALTHA 

L B U I L D  I 

,LELVSTD i 
LSSIZE ' 
P 1 i 

I 
491 MXSCOR 0.866' 

LTOTLAK 1 
'LSALTHA ! 
LBUTLD 
LELVSTD j 
PPGS 1 

, P I  1 

t 

l I 

SOJMXSCOR 0.566 
LTOTLAK 1 

LSALTHA j 
LBUtLD 

'ROAD l 
I 

!LSSIZE 1 
:Pl 1 

Parameter 
Estimate 

0.010156 
0.374 172 
0.2 12276 
0.065682 

-0.197276 
0.34 1 829 
O. 107866 

0.0 1 O89 
0.330556 
0.213519 
0.097233 

-0.14 1 773 
-0.004544 

O. 105938 

0.008203 
0.3380 18 
0.103284 
O. IO552 1 

-0.255222 
-0.005346 
0.3890 16 

Standard 
Error 

0.00 t 29024 
0.033295 1 1 
0.0397 1.122 
0.01937533 
0.05794 142 
O. 17954453 
0.04564035 

0.00 123348 
0.0423549 1 
0.03974989 

0.0259039 
0.05 160603 
0.002498 19 
0.01578997 

0.00092703 
0.04354583 

0.0394793 
0.02574063 
0.050645 19 
0.00248998 
0. 17954 14 1 

T for HO: 
Parameter4 

7.872 
8.642 
5 345  

3 -39 
-3 .-IO5 
1.904 
2.363 

8.828 
7.804 
5.372 
3.754 

-2.747 
-1.519 
2.2 14 

8.84Ç 
7.767 
5 .  I2-l 
4.099 

-5.035 
-2- 147 
2.167 

! 
Prob > 1'11 

0.000 1 ( 
0.000 1 
0.000 1 
0.0008 
0.0008/ 
o . o ~ s ~ /  
0.0191) 

0.000 1 i 
0.000 I / 
0.000 1 i 
0.0007~ 
0.00661 
0.07051 
0.02 171 

1 

0.000 1 i 
0.000 1 1 
0.000 1 1 
0.000 11 
0.000 I / 
0.033 1 J 

Table F6 - Models ( 7  variables) of Black Duck IBPs in PQUADs. 1992-94. 



Parameter 
Estimate 

0.356445 
0.01013 1 
0.213328 
0.3570 16 

-0.194355 
0.098425 

-0.004764 
0.098357 

0.333938 
0.007773 

Prob > IT( 
0.000 1 
0.000 1 
0.000 1 
0.0469 
0.0009 
0.0002 
0.0564 
0.0322 

0.000 1 
0.000 1 
0.000 I 

1 MXSCOR 
I LSALTHA 
'LXSTM 
' LELVSTD 
LBLTILD 
ROAD 

MXSCOR , 
LSALTHA 1 

LXSTkI i 

LELVSTD 1 
LBUILD 
ROAD 
PC r i z  

l 
I 

6JiLTOTLAK i 0.8695 
MXSCOR 
LSALTHA ' 1 ' 0.206968 
LNSTV I 0.425398 
LELVSTD 

1 1 -0.242253 
LBGILD I 0.1 16471 

l ROAD j - O . O O ~ W  
PCA l -0.038894 

651 LTOTLAK i 0.8693 1 2.1 1 0.353033 
MSSCOR 

I 
0.008206 

LSALTHA I I 0.2 1 4608 
LNSTbI I 0.3309 

i LELVSTD -0.163534 
LBCilLD 1 0.072907 

0.04876 
P 1 O. 1 06002 

661 LTOTLAK ' 0.869 1 1 2.44 
I 

0.2234 13 
MXSCOR 1 0.00943 
LSALTHA j 
LELVSTD 1 1 -0.166205 
,LBUILD 1 0.09857 
/ ROAD -0.0046 15  
PPGI i 0.000498 
P I  

Table F7 - Models ( 8  variables) of Black Duck IBPs in PQUADs. 1992-94. 



I 

I0Sj LSSIZEL 1 0.628 1 1 . 3 7 9  0.168992201 9.098 0.000 11 I 

1 M;!el / Parameter - Staa:;rrd T for HO: 1 1 
Mlodel / Variable / Estimate 

LSSIZE , 
1 

I 
I 1 0.1 19706 0.07044331/ 1.6991 0.0957; 
1 

I I I I 

1091 LSSIZEL 0.93291 44.971 0.2693301 O. 1 1215921/ 
4 

2.3951 0.0206i 

Pa rameted  / Prob > ITI / 

1 1 

106 hlSCOR 0.9576 21.931 0.0 16809 

LSSIZEL i 
l l 0.352639 

t 
l I 

LSSIZE 1 1 0.3675771 o . o w ~ o m i  I 4.7591 0.000 1 / 

1 1 1 1 , ~ISCOR I 0.94331 36.53 1 
TOTAL i 

! 

I ! , 

Table F8 - Univariate and bivariate models of Black Duck IBPs in PLOTS. 1992-94. 

0.00086988 

0.084 1 4240 

, 
19.3241 0.0001 i 

0.000 11 



Standard T for HO: ' 
f 

Error Parameter-O Prob > lTI 
, 1 Model 
i 

- 

Parameter ' 
Estimate Variable 1 R' 

l 
Model 

113 
LSSIZEL 
LSALTHA 

11J!blSCOR i 0.9538 
-LSSIZE j 
LSALTHA i 

l 
1 1 5  LSSIZEL i 0.954 1 

LSSIZE 1 

l 
LSALTHA 

j 1 
t 18ibISCOR 0.9593 23.27 0.0 17883 

LSSIZEL 0.42860f 
TOTAL / -0.00138; 

I 1 
1 191 klSCOR ! 0.95781 24.091 0.0 l5?7( 

'LSSIZEL i 1 I 1 0.33817( 
LSSIZE I 0.02950( 

Table F9 - blodels ( 3 variables) of Black Duck IBPs in PLOTS. 92-94. 



LSSIZEL 
! I 
I I 

0.4 1671 0.0715371 5.745/ 0.000 11 

PI i ! 
! 0.275 1 ( 0.08869771 3.102: 0.00331 

Prob > ITI 

LSSIZEL ~ 
LBCILD 

T for HO: 
Parameter=O 

! 

12llblSCOR ' 0.96921 I 0.841 0.0 1965 0.0033535 
LSSIZEL i I 

! 1 0.3 147 0.0744763 

LELVSTD : -0.24427 
i 

0.1 19715 

LBUILD , ! 0.11817 0.0323117 
1 I 

Standard 
Error 

6.92 121 / MSCOR 

Table F I 0  - Modrls (4 variables) of Black Duck IBPs in PLOTS. 1992-94. 

Parameter 
Estirnate 

I 

Modeil Variable 

' P I  l I 

0.971 5 
~LSSIZEL 
L B U I L D  
1 1 

1 1 I 
1 I I 

Mode1 
R' Ai 

0.0001 
0.0001 
0.0011 
0.0061 

1 I l ! 

6.3 19 
5.353 
3.493 
1.873 

0.0229 
0.37619 
O. 10894 
0.25356 

0.0036235 
0.0716087 
0.03 1 1872 
0.088242 1 



i Mode1 Variable 
i 1 A i Parameter 

Estimate 

I 
i LBUILD I 

' P I  

Standard T for HO: 
1 

I Error / Pnrmneter=O 1 Prob > IT( , 

1 I 1 I i ! 1 

1281 MSCOR 1 0.97351 5.981 0.02448 0.0034 i 361 
8 

LS.4LTl-{A i I 1 0.03 76293 1 
LSSIZEL ' 1 6.231 0.0001i 
ROAD 0.00226( 0.00 1 10541 2.041 0.0372: 

i 

-- - 

1291LSSIZE i 0.97321 6.54 
l 

LSALTHA / l 1 
LSSIZEL 1 

I 

LBUILD r 

N i  l I I 
i 

i 
I 
j 

1 1 

- 

1 3 0 1 ~ ~ ~ 0 ~  1 0.97261 7.57 
I 

,LSALTHA j I 
l 

LSSlZEL 1 1 
l I LXSTM 1 

LELVSTD / 1 1 -0.3 78891 O. 1211 1151 i 
- 3 . 1  0.0033l 

! i I 1 

1 I l l 

i 

Table F 1 1 - Models ( 5  variables) of Black Duck IBPs in PLOTS. 1992-94. 

l ! l i I 

127iLSSIZE 1 0.97361 5.651 0.165 1 6  0.038489( 4.29 1 0.000 1 1 
LSALTHA i I l  O. I 1788 0.03902871 2.0,j 0 . 0 0 q  

I 
.LSSIZEL : 
, j 0.39092 

i 
LXSTM 1 ! 

0.08446381 4.6281 0.0001 i 
! 1 0.91709 0.3 1732351 2.9221 0.00j-d 

1 1 

LBUlLD i 1 1 O. 10841 0.03 162961 3 .427/ 0.00 13 1 



Estimate 
Standard 1 T for HO: 1 1 ! I 

1 Model Mode1 Variable / R' 

Table F 12 - Models (6-variables) of Black Duck [BPs in PLOTS. 1992%. 

f 
Error 

0.00337 15 

0.037833 

0.080 l 408 

0.132 1967 

0. 1 15271 8 

0 .03  1470 1 

Ai 
Parameter 

I 1 

Paramete~O ( Prob > (Tl 
4.967 

2.84 

5.598 

2.6 13 

-3.187 

0.000 1 

0.0068 

0.000 1 

0.0 122 

0.0026 

2.581 0.0 13; 
1 



Parameter 
Estimate 

Standard 1 T for HO: 
Error ParameteAl 

0.0034065 4.075 

0.03563 16 

0.0774025 6.889 

0.4 1240591 3.27 

- - 

Prob > ITI 
0.0002 

0.000 1 

0.000 1 

0.002 1 

0.0002 

0.0083 

0,0057 

Variable 

MSCOR 

LSALTHA 

LSSIZEL 

LXSTM 

LELVSTD 

ROAD 

,N 1 

I ~ ~ ~ M S C O R  

LSALTHA 

LSSIZEL 

LXSTbI 

1-ELVSTD , 

ROAD ! 

, N I  
i 
1 

LSALTHA 1 

LSSIZEL 1 

LXSTM 

LELVSTD 

LBUlLD ' 

N I  

I39! LSSIZE 0.97771 2.7( 

LSALTHA 

LSSIZEL j 
i 
t 

'LXSTM i 

LELVSTD 1 1 ! 
ROAD 

N 1 

I4OI MSCOR 1 0.97751 3.2: 

LSALTHA 1 ! 
LSSIZEL 1 i 

I 

LXSTM 1 1 

I 
L E L V S T D  1 
' L B U I L D  i 
P 1 l 1 

Table F 13 - Models (7-variables) of Black Duck IBPs in PLOTS, 1992-94. 



Parameter 
Estimate 

Standard 
Error 

T for HO: 
Parametep0 ~ o d e l l  Variable Prob > IT( 

0.0008 

0.0077 

0.0C)o 1 

0.0034 

0.0042 

0.0349 

0.1709 

0.0 19 1 

1 LELL'STD 

1 ROAD 

Table F 14 - Models (8-variables) of Black Duck IBPs in PLOTS. I992-94. 



Table F 15 - Models ( 1-3 variables) of Black Duck IBPs in survey plots 1986-89. 

I Para rneter 1 Standard 1 T for HO: 
Slodel ; Variable 1 Jlodel R2 Estimite 

101 IJ~SSCOR ! 0.87650 I 

Prob > !TI 1 Error 
0 i 0.009 0.000 1 

P a r a m e t e d  
0.00047306 19.025 



I 

Model 1 Variable 
Z I ~ / M X S C O R  

l::::;:: 
1 LELVSTD 

? ~ ~ ~ M X S C O R  
LTOTLAK 
LSALTHA 
SOILPH ! 

LSALTHA ( 
TOTAL j 

2 ~ ~ ( M X S C O R  1 0.883298 
LTOTLAK / 

1 

LSALTHA ; 

LXSTM , 

2 151 LSSIZE 0.8 172 
LTOTLAK 1 

I 

LSALTHA i 

Pa rameter Standard T for HO: 
Ai Estimnte Error I Parameter4 

Table F 16 - Mode1 (4 variables) of Black Duck IBPs in survey plots 1986-89. 

1 
Ï 1 1 

0.4621 0.646 1 1 
1.23 ( 0.2246! 1 

1 1 3  0.267 1 1 

0.057687 

j 1 0-075053 

LBUILD I I 0.051481 

O. 12483 135 
0.06 IO 122 
0.045851l8 

1 1 1 
l 1 

1 1 
I 



LTOTLAK 
i 

3121 LTOTLAM / 0.60751 16.81 0 . ~ 2 6 6 /  0.0374 1655 1 1 1.83 1 1  0.000 I / 

\lodcl Variable ( Mi'ei 

- -- -- - - p. .- 

3081 MXSCOR 0.50511 63.1 1 [ -0.000773 1 0.00098 5681 -0.7S-l( 0,4341 

LTOTLAK 1 0.584 0.5 18538 0.03 1 O 1949 16.7 17 0.000 11 
I 

I 1 

Parameter 
Ai 1 Estimate 

Standard 
Error 

3 1 1 1 hlXSCOR 1 0.4925 
TOTAL i 

T for HO: 1 t 
Parametedl ( Prob > ITI 

Table F17 - klodels (1-2 variables) of Ring-necked Duck IBPs in PQUADs. 1992-9-1. 

310 MXSCOR 0.44721 85.181 O.0O-U 17 [ 
' P l  

I 1 0.0 1 9953 
1 1 I 

0.00 1525831 ~ ~ r j  0 . 0 0 ~ 2 1  
0.047916 16 1 0.4 161 0.67761 

1 



l Mode! ' Parameter Standard T for HO: 
Model 1 Variable R' i 1 Estimate Error / Parameted  1 Prob > lTI i 

LTOTLAK / l / 0.354 155 0.04324273 1 0.000 1 / 
1 I -0.0 14272 0.00793552 - 1.798 ! SOILPH 
1 I I '.19/ I 0.07361 

1 I I 

1 I 1 
317ikIISCOR 0.63361 1.1 1 1  0.006 1 18 

,LTOTLAK 1 0.359482 
SOILPH ' -0.0573 15 

l 1 

1 l l I 1 
i 

I 1 

3tOLSSiZE 0.63091 6.581 0.065005 0.0 1300267 4.9991 0.000 1 i 
4 

LTOTLXK 
I ! 0 .37529  0.043585381 8.203 1 0.000 1 1  

' PCA2 -0.0075 0.02223358 -0.337 0.73671 

0.00 155504 
0.04335595 
0.0 1856256 

JIBILSSIZE 0.63281 5.561 

, I l 
3 19 LSSIZE 3.5551 0.0005l 

Table F! 8 - Models (3-variables) of Ring-necked Duck IBPs in PQUADs. 1992-94. 

LTOTLAK 8.1 17 
LXSTM 

1 

I 1 

3.9341 0.000 1 I I 

0.03 162 133 

0.000 1 / 

8.3 1 1 
-3.088 

3.0 1 0.003] 
LTOTLAK : I I ::9:; 1 Q 1 0.043 4 175 1 

! MSSCOR : 1 
I l -0.00090 1 1 0.00085 146 

I 

0.000 1 1 
0.0023 1 

8.372 0.000 1 j 
0.29131 

I 

I 
-0.498 0.6 188 t 

l i l i I 



1 1 Model j Ai i Parameter 1 Standard 1 T for HO: 
Model / Variable 1 R 

I 
Estimate Errar Pararneiet=û 1 Prob > ITI 1 

b 1 
LELVSTD ! 1 1 -0.0459521 0.026 1 14 141 - 1.761 0.081 

I 
! I 

LSSIZE I 
1 

PCA 1 1 1 
PI 1 1 

l 1 

I l 
I 

1 I 1 I 

1 I 1 l I ! 

- - 

Table F 19 - Models ( 4  variables) of Ring-necked Ducks lBPs in PQUADs. 1992-94. 

0.0498' 
0.000 11 
0.1364( 
0.03821 

3241 LSSIZE 0 .64  3 2.961 0.121 165 

325iLSSIZE ; 0.6408 
LTOTLAK ' 

1 I 

0.0335578 
0.04427093 
0.0005 1479 
0.00084458 

LTOTLAK 1 I ! 

1 I 1 

0.067289 
0.3 43 142 

3.27 

4.232 
8.492 

-0.934 
-2.247 

3271 LSSIZE 0.1 03975 
LTOTLAK 1 0.377254 
LXSTM 1 -0. 10823 1 
PB -0.00 1 18 

1 ! 

3.61 1 '  0.00041 
8.623 1 0.000 1 1 

-2.1611 0.03 19' 
-1.1681 O.?.IJII 

0.38 175 

1 

hIXSCOR , 0.003 198 
SOILPH 1 -0.04 1 799 

0.000 1 
0.000 1 
0.33 15 
0.0257 

0.02456797 
0.04442489 
O. 1 1589474 
0.00052504 

PB i i -0.00 1 1 12 
)tlXSCOR I 1 -0.000987 

326i LT0TL:lK : 0.64061 3.371 0.3785071 0.04393 3321 8.6 161 0.000 1 j 

0.03408897 
0.043732 1 

1.974 
7.846 

0.002 13 82 1 
0.02003398 

1 -496 
-2.086 



1 i Mode1 
Madel Variable 1 R' 

3281LSSIZE / 0.6503 
ILTOTLAK i 
I PB 
~ S O I L P H  
/ROAD i 1 

~LTOTLAK 1 
1 PB 

LBUILD 1 
! 

: P B  I 

* P I  
ROAD 

331 iLSSIZE 0.6486 
LTOTLAK 
PB 
LELVSTD ' 
ROAD I 

3321 LSSIZE 0.648 1  
LTOTLAK 1 
PB I 

LELVSTD 
LBUILD l 

1 
333lLSSIZE / 0.6481 

LTOTLAK 
ROAD 1 
PCAZ 1 

PI I 
I 

I 

3341 LSSIZE 1 
SOILPH 

' PB j 

' Parameter Standard 
' 
T for HO: I 1 Estimate 1 Error P a r a m e t c d  1 Prob > ,TI 

' 

Table F2O - Models ( 5  variables) of Ring-necked Duck IBPs in PQUADs. 1992-94. 



- - 

i - -  

1-ariable Parameter ' Standard ' Wald 1 Pr> ' Standardiied I Oddr 

Madel U 7  Ai = 9.9 Concordance = 87.0% 

1 Estimnte 

Jlodel337 Ai = 5.1 Concordance = 85.8% 
! 

1 I 

Mode1 335 Ai = 27.8 Concordance = 79.4% 

1 

1- 1 O l'I-.-\K 3.903  1 0.7106 

~ISSC!lR / 0.0126 / 0.0258 

Table F21 - Logistic regression for Rinpnecked Ducks in PQUADs. 1992-94. 

, 
Mode1 336 Ai = O Concordance = 86.0% I 

I 

Error 

0.7227 1 O .  467 2.3951 1 0.1217 0.254896 ; 2.06 

0.853596 49.528 / 
O.il56951 1 1.013 ' 

30.1633 

0.2502 

ChiSquare 

0.000 1 

0.624 

Estimate ChiSquare 
1 

Ratio i 



1 U 5  LSSIZEL i 0.3 ( 5  l ( 60.861 0.4886921 0.05 107 1851 9.5691 0.000 1 1 
1 I 

4061 LSSIZEL 1 0.4689( 12.05( 
LXSTM 1 i I 

I 1 i 

1 Model 
Modrl ~ a r i a b l e  i R' 

4071 LSSIZEL i 0.4jjoj 17.981 0.277484 0.05-1663-1 

LELVSTD 
I 

1 0.08 1552 0.0 1 134607 
i i I i 

T for HO: 
Parameteiu 

Parameter 
Ai Estirnate 

1 

Prob > [TI 

i 

409 MDSCOR / 0.44721 20.061 0.0020 1 ( 0.00029?2( 6.8791 0.000 1 1 

I 11.2691 0.0001, 

Standard 
Error 

JO 1 

JO81 LSSIZEL 0.44871 19.541 0.254159! 0.05707333 
PI I 1 1 -0.05 16281 0.0074552 

l 

4.453 ( 0.000 1 ( 

-6.915 1 0.000 l i 
1 1 

4 1 1 I X I  DSCOR 0.4285 1 26.73 1 0.0087521 0.00 1 64 1041 5.332 1 0.000 1 1 

MDSCOR / 0.38961 37.81. 

LSSIZEL 1 I 

SOILPH l -0.06173 0.01681201 - ~ 6 7 1  1 0.0003 1 
t 

1 I 

0.00379 1 

0.2585 1 1 / 0.05688 1041 
I 

Table F22 - Models ( 1-2 variables) of Common Merganser IBPs in PQUADs. 1992-94. 

1 1 I 

0.000 1 1 
! 





378 

j ! 1 ! l T for HO: 1 1 
1 
l 

- - - 

Table F2-l- Models (1 variables) of Cornmon Merganser IBPs in PQU.4Ds. 1992-94. 

Parameter 

~Z~ILSSIZEL [ 0.4874I 9.17 
LISTAI 1 
LBCILD ' ! 
PCX2 L I 

Mode1 /Variable , A 
42 11 L S A L T ~ I A  1 0.302 1 ( 3.34 

I L S S I Z E L  1 
L.SSTM 

0.337506 
0.352102 
0.002704 
-0.0458 16 

Estimate 
0.071617 
0.3488 L 3 

0.05066 168 
0.06900 19 1 
O.Ol449938 
0.0 1782397 

1 

6.662 0.000 1 
5. 107 i1.11001 
0.1861 0.8523 
-2.371 O.ii109 

0.325632 

Pro b > \TI 
0.0 166 
0.000 1 

Error 

, PC;C i -0.0565 13 0.0 1734843 -3.258 0.00 13 
I 

0.02965307 
0.04934502 

0.000 1 

3.415 
7.069 

0.05 125796 6.353 



Table F l 5  - Models ( 5  & 6 variables) of Common Merganser IBPs in PQUADs. 

:Mode1 
Model iVariable 1 R' 

~ ~ ~ ~ x I D s C O R  1 0.5207 
I LSAL ni.-I 

LSSlZEL 
i LSSTJI 

1 

$OILPH 
I 1 PCA2 

I 
I 

3 1 . . A  ! 0.50501 4.291 0.077 13 I 
I i I.SSI%EL. ~ 0.37 1034 

I.SST\l i O. 455993 
1 

SOIL.I'I1 
I 

-0.007978 
I'C':lZ -0.054442 

T for HO: 
Parameterli Prob > ITI 

1 * 
0.030083 / 2.564 1 0.0 I 1 I I 

Standard 
Error 
0.00 184529 
0.03995064 
0.06257892 
0.13412538 
0.0 1780739 
0.0 172 1438 

1 

2.5 191 0.0 1 26 
2.914 0.004 
4.575 1 0.000 1 
2.78 I 

-2.743 
-3.16 

' 

Ai 
0 

(!.O53491 12 
0. 1 3 1 77857 
0.0074300 1 
0.0 1744863 

I i 1 

Parameter 
Estimate 

0.004648 

t 0.087265 
0.2863 27 
0.3 72949 

-0.04885 1 
-0.05439 

0.0001 1 
3.46 

- 1 .O74 / 0.2843 
-3.121 0.002 1 1 

I 

4 3 1 . S , :  0.10461 / 0.078 1 32( 0.03037056/ 2.573 0.0 IO8 ( 
, I I.SSI%I.:l. 1 0.350075( 0.049363 1 7.092, 1 0.OlHIl 1 
I 

I.SS-TXI i I I I o.o7279?72( 
i 

O.(JOO 1 1 
I . RO;\D I -0.00 1 JO 1 0.001 4 1059 -0.993 1 )  32\71 

1 
K . - 1 2  -0.0523 1 4 0.0 1785633 -2.93 0.00381 

! 
433 I I.S:\L.-Tl f:\ 0.077427 0.0 14 1 1 

1.SSIZEL 0.35499 1 0.000 1 ) 
0.352243 0.000 1 ( 

-0.008958 0.0 1506809 -0.594 0.55791 
. 1' C .A 2 -0.05396 0.0 1789988 -3.0 15 0.00291 

I l 



1 Estimate 1 I 

Error / ChiSquare 1 ChiSquare / Estimate 1 Ratio 

Jlodel1SI Ai = O Concordance = 73.7% I 

Jlodel1SO Ai = 3.2 Concordance = 75.4% 

Mode1 152 Ai = 9.0 Concordance = 70.1% 

t'aria ble Standardised 

Mode1 453 Ai = 11.7 Concordance = 690°h 

Parameter Standard 
I Odds ! 

Table F16 - Logistic regression analysis of presence of Common Merganser IBPs in 
PQCA-IDs. 1992-94. 

Wald 1 ~r > 





1 Model501 Ai = 13.6 Concordance = 90.4% i 

, 

Model503 Ai = 5.0 Concordance = 86.1% 

i l  1 I.:\[. 0.013og 1 0.0418( 3.7448 0.053 
S :  I l  i l  I -0.079 1 0.9079 0.5595 0.4545 
1 O 1 1 1 .l17161 1.1713 1 0.8li  0.358 
I.SS'f\I ' 8.725 5.491 1 2-32-47 0.1 121 
l.F~[.l.S~SD -4.5837 1.4913 Y .  4478 0.002 1 
KO:\D i O. XI1 0.092I 2.6664 0. 1025 
[.BI 'ILD 1.  1307 0.674 2.8142 0.0934 
SOlLP~I 1 O. 1875 1 0.258 0.52841 0.4673 

\'ariable ' Parameter Standard 
1 Estimate 1 Error 

Table F28 - Logistic regression models for presence of increasing local Black Duck 
populations in PQUADs 1990-99. with high concordance. 

Wald 
ChiSquare 

1.1326 
0.07 12 
0.0835 
0.07 1 1 
1.1983 
3.0131 
7.59 15 
2.0322 
6.8259 
2.4685 
O. IO09 
1.3277 
0.6045 
0.0 186 

Odds 
Ratio 

Pr > 

Chi-Square 

~ o d e i  502 Ai = 7.6 Concordance = 87.1% I 

0.376888 
0.874804 
0.268 179 
-0.56 128 

-0.58 1 154 
O. 128175 

-0.886305 
0.5325411 
0.369985 

- 1 -049455 
0.666698 
1.43933 1 
0.206784 

-0.424084 

Standardised 
Estimate 

1.1289 
4.8589 

1.62 
2.5932 

2.555 
O. 1007 
4.5182 
1.8072 
1.3788 
8.2979 
2.1544 
5.8892 
0.593 1 
1 .497 1 

3.296 
1.17 

1.1 12 
0.592 
Il. 126 

Y 99 

0.W 1 
1.16 

25.079, 
1.593 1 
0.9771 

0.288 
0.0275 
0.203 1 
0.1073 
O. 1099 

0.75 1 
0.0335 
O. 1788 
0.2403 

0.004 
0. 1422 
O. 1) 1 52 
0.44 12 
0.22 t 1 



' 1-ariable Parameter Standard W'ald P r >  Standardised Odds 
Estimate Error Chisquare Chi-Square Estimate Ratio 1 

Mode1 509 Ai = O Concordance = 83.1°/. 

r o  r . - \ ~  0.086 0.0354 5.9 189 0.0 15 0.479405 1 .09 
1.SSTJI 9 1133 4.9 173 3.4347 0.0638 0.420677 999 
LEI-\'STD -3.2877 1.1?84 7.7835 0.0053 -0.485 147 0.03 7 ,  
K0.-ID 0.2267 0.0759 8.9335 0.0038 l .O20798 1 .ml 

Model507 Ai = 1.5 Concordance = 79.8% 

10 r.-\l. O 0884 0.03 3'5 6.2 175 0.0 1 26 0.493742 1 .O92 
R0:ID 0.2 127 0.0687 9.6728 0.00 19 0.962276 1.238 
l.i.;[.\'STD -I.hOc)S 0.636 6.  JO43 0.01 14 -0.2375 1 1 O 2 

Mode1 SOJ Ai = 2.9 Concordance = 85.8% 
1-0 r x  0.0794 o.o4 I I 3.7249 0.0536 o.J-t229~, 1 . 1 1 s  1 
L 1 . 0  SL:iK 1.1046 1.1602 0.9065 0.34 1 0.2  15325 
1 . S S n l  8.8845 5.4754 1.6329 0. 1047 0.4101 18 999 

1.l:l.YS PI) -4.5 194 1.486 9.249 0.0024 -0.6669 I 
3 . 0 1 8 1  
0.0 1 1 ( 

Il( >:ID O 1388 0.0902 2.3672 O. 1239 0.625728 1.1491 
1.H1'1I.D I 0 1 4 1  0.6448 2.498 1 0.1 14 0.455225 2.771 1 
SOll.Pll O 182 0.256 1 O.SQ52 0.4772 0.080864 1.21 

Mode1 505 Ai = 3.1 Concordance = 84.0% 

l.( l.l.:il. 0.0605 0.0386 2.1589 O. I 169 0.337385 1 .O62 1 
K t  ):ID 0.2389 0.0803 8.8556 0.0029 1 .U75545 1.271 
l&I-:[.\'S I D  4.1762 1 .SOS8 7.7027 0.0055 -0.6 16273 11.0 15 ( 
1.SS tJI 9.8246 5.2669 3.4796 0.062 1 0,4535 12 9991 
[. P n L ; \ K  1.179 1 .O929 1.1636 0.2807 0.22982 1 2.15 1 ( 
JISScOK 0.0098 1 0.0208 0.2227 0.637 0.048 1 1 4 I.Ol( 

Siodei 506 Ai = 4.3 Concordance = 80.9% 
1 

1 

>iode1 508 Ai = 13.9 Concordance = 66.9% 1 

Table F-9 - Logistic regression models for presence of increasing local 
Black Ducli population in PQUADs 1990-99. 
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