
—.

Ken H. Morgan1 Riparian habitat
Murray A. Lashmar2

(editors)
management and research

Fraser River Action Plan
Special Publication

Proceedings of a workshop sponsored by
Environment Canada and the British Columbia
Forestry Continuing Studies Network held in
Kamloops, B. C., 4-5 May, 1993.

1 Canadian Wildlife Service,
Pacific Wildlife Research Centre
5421 Robertson Rd., RR #1,
Delta, B.C. V4K 3N2

2 3360 W. 7 t h  Ave.
Vancouver, B.C., V6R 1V8

lib
r



Contributors

-.

&

R. Mark Brigham,
Department of Biology,
University of Regina,
Regina, Saskatchewan, S4S 0A2

Fred L. Bunnell,
Faculty of Forestry,
270-2357 Main Mall,
University of British Columbia,
Vancouver, B. C., V6T 1Z4

Linda A. Dupuis
Faculty of Forestry,
270-2357 Main Mall,
University of British Columbia,
Vancouver, B. C., V6T 1Z4

Carlos Galindo-I.eal,
Faculty of Forestry,
270-2357 Main Mall,
University of British Columbia,
Vancouver, B. C., V6T 1Z4

Crispin  Guppy,
Ministry of Environment, Lands and Parks,
322 Johmstone Ave.,
Quesnel,  B. C., V2J 3M5

Fred W. Hovey,
Department of Biological Sciences,
Simon Fraser University,
Burnaby, B. C., V5A 1S6

Murray A. Lashmar,
3360 West 7th Ave.,
Vancouver, B. C., V6R 1V8

Bruce N. McLellan,
Ministry of Forests, Box 9158,
RPO #3, Revelstoke, B. C., VOE 3K0

Donald S. McLennan,
Oikos Ecological Services Ltd.,
Box 218, Telkwa, B. C., VOJ 2X0

Edward H. Miller,
Department of Biology,
Memorial University,
St. John’s, Nfld., AIB 3X9

Ken H. Morgan,
Canadian Wildlife Service,
Pacific Wildlife Research Centre,
5421 Robertson Road, RR #1,
Delta, B. C., V4K 3N2

Fred Nuszdorfer,
Ministry of Forests,
2100 Labieux Road,
Nanaimo, B. C., V9T 6E9

Vince Poulin
Department of Fisheries and Oceans,
Suite 400-555 West Hastings St.,
Vancouver, B. C., V6B 5G3

J. Bruce Runciman,
Faculty of Forestry,
270-2357 Main Mall,
University of British Columbia,
Vancouver, B. C., V6T 1Z4

Astrid M. van Woudenberg,
c/o Ministry of Environment, Lands and Parks,
1259 Dalhousie  Drive,
Karnloops, B.C., V2C 5Z5

Richard Weir,
Department of Biological Sciences,
Simon Fraser University,
Bumaby, B.C., V5A 1S6

Gustavo  A. Zuleta,
Area de Ecologia, Universidad de Buenos Aires,
Cd. Universitaria,  Pab II, 4.p 1428, Buenos Aires,
Argentina

. . .
111



— I

Contents

Acknowledgements

Introduction
Ken H. Morgan

Part 1 The value of riparian  habitats: Keynote
addresses

Riparian habitats in British Columbia: their
nature and role
Fred L. Bunnell and Linda A. Dupuis

Importance of riparian habitats to fish
Vince Poulin

Part II Riparian habitat

Vegetation dynamics and ecosystem classification
on alluvial floodplains in coastal British Columbia
Donald S. McLennan

Part III Riparian  wildlife

Breeding biology of the Red-naped Sapsucker in
south-central British Columbia (abstract)
Edward H. Miller

Utilization of riparian habitats by terrestrial
arthropods (abstract)
Crispin Guppy

Use of riparian and riparian-associated habitats
by Fishers
Richard Weir

Riparian habitat and its importance for roosting
and foraging by insectivorous bats
R. Mark Brigham

Patterns of small mammal communities in
riparian habitats of wet coniferous forests
Carlos Galindo-Leal, J. Bruce Runciman,  and
Gustavo A. Zuleta

Part IV Management and research in riparian
habitats

Livestock impacts on grassland riparian
ecosystems: a study proposal
Astrid M. van Woudenberg

Development and preliminary results of partial-
cut timber harvesting in a riparian area t o
maintain Grizzly Bear spring habitat values
Bruce N. McLellan  and Fred W. Hovey

Silvicultural  options on alluvial floodplains in
coastal British Columbia
Donald S. McLennan

Riparian habitat problem analysis
Fred Nuszdorfer

.

.

iv
,- -



Acknowledgements

The editors wish to thank Environment Canada for sponsoring the workshop; the British Columbia
Forestry Continuing Studies Network for facilitating the workshop; A. Marten, S. Wetmore and M.
Dunn of the Canadian Wildlife Service for their support; M. Chutter, M. Fenger,  D. Lousier, D. Low,
S. Orchard, C. Pearce, and T. Rankin for their invaluable guidance in developing the workshop, and
all authors for their patience and assistance throughout the preparation of this document.

A special thanks goes to D. Lousier (program chair), C. Pearce and T. Rankin (co-facilitators), D.
Hamilton, W. Klemer and B. Nyberg (moderators) and to all of the speakers (F. Bunnell, C. Guppy,
D. Lloyd, D. Low, B. McLellan, D. McLennan, E. Miller, F. Nuszdorfer,  S. Orchard, V. Poulin, B.
Runcirnan, R. Thomson, A. van Woudenberg,  R. Weir). As working group leaders, H. Armleder,  D.
Eastman, D. Hamilton, E. Hamilton, S. Harrison, B. Nyberg, V. Poulin, S. von Schuckmann, and R.
Thomson kept the group discussions both lively and focused.

In addition to the editors, the following carefully reviewed individual manuscripts: A. Banner, R.
Barclay, E. Bull, R. J. Cannings, R. Csada,  A. Chambers, A. Derocher,  D. Haley, A. Hamilton, A.
Harestad, W. Klenner, K. Klinka,  P. Krannitz, E. Lofroth, D. Nagorsen, T. Nash, J. Pollack, T.
Sullivan, and N. Winchester. S. Bucknell willingly retyped several manuscripts (following computer
crashes and other calamities) and made enumerable changes demanded by often times ‘overly fussy’
editors. A. Keller, J. Smith, P. Whitehead, and D. McCullough provided technical guidance during
the final stages of the production of this document.

v



lb

L

L

Introduction

Ken H. Morgan

This document presents the proceedings of the workshop: “Riparian  Habitats; Their Management
and Research”. The workshop, held on 4 and 5 May 1993 in Kamloops  British Columbia, was
sponsored by Environment Canada through the Fraser River Action Plan. The objective of the
workshop was to review the current state of knowledge of the biology and management of riparian
habitats in British Columbia, especially within the Fraser River basin. In order to standardize the
common and scientific nomenclature used throughout this document, we have primarily followed
Hitchcock and Cronquist  (1973), Cannings and Harcombe (1990), and Pojar and MacKinnon (1994).

Riparian areas are reported to support disproportionately more wildlife than most other North
American habitats (Thomas et al. 1979; Stocek 1994). These areas are often unique reservoirs of plant
and animal diversity, especially in arid and semi-arid regions. However, we have very little knowledge
of the ecological relationships between species and riparian areas, nor do we understand how we are
influencing them (Bunnell and Dupuis, this volume).

Throughout the Fraser River basin (and elsewhere), riparian communities are rapidly disappearing
due to urbanization, forestry, agriculture and grazing of domestic stock (Runka  and Lewis 1981;
Morgan and Wetmore 1986). Rautio  and Bunnell (1992) noted that the greatest barrier to achieving
successful integrated management of these habitats within British Columbia was a lack of information,
including an understanding of the extent, species composition, and ecosystem functioning of riparian
areas.

This two day workshop was an attempt to further the process of closing some of the information
gaps. On the first day, papers were presented on a wide range of topics including: vegetation dynamics
and ecosystem classification of alluvial floodplains; wildlife (birds, small mammals, arthropods, and
herptiles)  associated with riparian  areas; rehabilitation of grassland riparian habitats; selective timber
harvesting in riparian  forests as a tool to manage large carnivores; and silvicultural options on coastal
alluvial floodplains. Due to unexpected events, several papers presented at the workshop have not been
incorporated in the proceedings; where available, abstracts are presented. One manuscript, not
presented at the workshop, has been included in the proceedings; a last minute change in field schedule
prevented the author (M. Brigham) from attending the meeting.

On the second day of the workshop, following two presentations describing processes taking place
in British Columbia concerning the management of riparian areas, the participants were divided into
smaller groups. The working groups were presented with a set of questions concerning riparian  habitat
management and knowledge gaps. The resulting discussions have been summarized in Pearce (1994).



It is hoped that the proceedings from this workshop will become a useful reference for biologists
and managers. We also hope that decision makers and land managers seriously consider the
recommendations made, so that the biological diversity of riparian habitats within British Columbia is
maintained.
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Ce document presente les actes de l’atelier  intitule ~ rivex&q@sm  et ret-
L’atelier, qui etait commandite par Enviromement Canada par le biais du Plan d’action  du Fraser, a eu

.

lieu les 4 et 5 mai 1993 a  Kamloops  (Colombie-Britannique). L’objectif de l’atelier  etait de passer en
revue ce que nous savons de la biologic et de la gestion des habitats riverains de la Colombie-
Britannique,  particulierement celui du bassin du Fraser. Pour des raisons d’uniformity, nous avons
essentiellement utilise la nomenclature generale et scientifique  de Hitchcock et Cronquist (1973), de
Cannings et Harcombe (1990) et de Pojar et MacKinnon (1994).

D`apres certains auteurs, le nombre d’animaux qui vivent dam Ies habitats riverains est de loin
superieur a  celui  des autres habitats de l’Amerique du Nerd (Thomas et autres, 1979; Stocek, 1994).
On trouve souvent dans ces habitats une diversite unique de plantes  et d’animaux, surtout dans les
regions arides et semi-arides. Nous en savons toutefois tres peu sur les relations ecologiques qui
existent entre les especes et les zones riveraines, et nous ne comprenons pas comment nous les
influencons (Bunnell et Dupuis, Ie present volume).

Partout dam Ie bassin du Fraser (et ailleurs),  Ies communautes riveraines disparaissent rapidement
en raison de l’urbanisation, des activites forestieres, de l’agriculture  et du paturage (Runka et Lewis,
1981; Morgan et Wetrnore, 1986). Rautio et Bunnell (1992) ont indique que I’obstacle  principal qui
empeche la gestion integree et reussie de ces habitat en Colombie-Britannique est le manque de
renseignements, notamment en ce qui conceme 1’6tendue des zones riveraines, la variete des especes
qui Ies habitent et le fonctionnement de leur ecosysteme

L’atelier de deux jours avait  egalement pour but de combler certaines des Iacunes en matiere
d’information. La premiere journee, des exposes ont ete presentes sur un grand nombre de sujets, dent
les suivants: dynamique de la vegetation et classification des ecosystemes des plaines inondables
alluviales;  animaux (oiseaux,  petits mammifieres a r t h r o p o d s , reptiles) des zones riveraines;
rehabilitation des habitats riverains herbagers; recolte selective du bois dam les forets riveraines
cornme moyen de gerer les gros carnivores; et options sylvicoles dam Ies plaines  inondables  alluviales
cotieres. En raison de contraintes imttendues, plusieurs exposes presentes a  l’atelier n’ont pu etre
incorpores dam les actes; des resumes ont ete inclus  lorsque c`etait possible. Un manuscrit, qui n’a pas
ete presente pendant l’atelier, a ete inclus dam les actes; en raison d’un empechement de derniere
minute, 1 ‘auteur  (M. Brigham) n’a pu etre present
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Le deuxieme jour de l’atelier,  les participants ont ete divises en petits groupes apres la presentation
de deux exposes qui decrivaient Ies moyen auxquels on a recours  en Colombie-Britannique pour gerer
Ies zones riveraines. Une serie de questions sur la gestion des habitats riverains et les lacunes  en
matiere d’ information ont e t e  remises  aux groupes de travail. Les discussions qui ont suivies ont ete
resumees clans Ie document de Pearce (1994).

Nous esperons que les actes de l’atelier  deviendront une reference utile pour les biologists et Ies
gestionnaires. Nous esperons egalement que les decideurs et les gestionnaires  de terres prendront
serieusement en consideration les recomrnandations qui ont ete faites,  afin que la diversite  biologique
des habitats riverains de la Colombie-Britannique soit conservee.
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Riparian habitats in British Columbia: their nature and role

Fred L. Bunnell and Linda A. Dupuis

1. Abstract

The role of riparian habitats for forest-dwelling wildlife is poorly understood in British Columbia.
We examine definitions of riparian habitats, discuss their status in British Columbia, and evaluate their
importance to vertebrate wildlife and forestry. The potential role of ephemeral water bodies in British
Columbia is undocumented. About 75 % of British Columbia’s watersheds, hence streamside riparian
zones, have been partially developed. Some biogeoclimatic  zones have virtually no undeveloped
watersheds left, yet the majority of wildlife species are more abundant in riparian habitats, regardless
of natural fire-cycle or dryness. Riparian areas are characterized by large trees, snags, and downed
wood, as well as by a large number of deciduous trees and shrubs. These elements contribute to the
structural diversity of an area, thereby increasing niche availability. Because the productivity of
riparian areas is also important to forestry, we should assess the extent to which our activities influence
riparian zones, determine winners and losers among species affected, and acquire and compile
information to evaluate trade-offs.

2. Introduction

We examine the nature and role of riparian habitats in British Columbia. Our scope, however, is
limited to forested ecosystems and terrestrial wildlife. We omit treatment of fish, plants, and some of
British Columbia’s most magnificent riparian areas—the Fraser River foreshore, the Columbia River
marshes, and other wetlands and estuaries. Our approach is to consider definitions of riparian  habitat,
to provide an overview of the state of riparian habitats in British Columbia, to consider why and how
riparian areas are important, and to suggest steps that could be taken to improve the management of
riparian areas.

3. What is riparian anyhow?

The Unabridged Random House dictionary defines riparian as “adjective 1. of, pertaining to, or
situated on the bank of a river or other body of water”. It says more under 2 and 3, but what it says
there is less helpful. This definition includes river banks, lake shores, ocean fronts, the attendant

7
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coastline’s Bald Eagles’ nests, shorebird staging and feeding areas, and the like. It appears relatively
inclusive, but a glance at any older, plaster wall suggests otherwise. There, below failing gutters, a
unique flora of algae and moss host a fauna of mites and other creatures found nowhere else on.the
wall. There is no body of water—just periodic replenishment, dripping down the walls. t h u s ,  if we
are satisfied with a riparian definition which includes only permanent bodies of water, we exclude
many habitats which are influenced by water: short-lived ponds hosting sandpipers, damp areas where
Shrew-moles Neurotrichus  gibbsii forage, seepage sites beloved by Grizzly Bears Ursus  arctos,
waterfowl and Great Basin Spadefoot Toads Scaphiopus  intermontanus,  sloughs housing Pacific Water
Shrews Sore.x bendirii, and ephemeral streams and their salamanders. These areas are influenced by
water, even though the body of water is not visibly present. Riparian habitat, therefore, may be better
defined as land with soil that is saturated by ground water within the rooting depth of the native
vegetation for at least part of the growing season (Minshall  et al. 1989). This latter definition includes
all drainage areas, from wetlands to mesic habitats.

Soil saturation by water coming from somewhere, however, invokes comection, and we encounter
a further difficulty in definition. Riparian areas represent the interface between terrestrial and aquatic
ecosystems (Hall 1988). “Interface” is a handy, but elusive term. We recognize riparian habitats by
characteristic vegetative composition, different from that of the immediate surrounding non-riparian
habitat. While the vegetation can exhibit relatively abrupt changes, the processes creating the
differences may be gradual and originate farther away. It is difficult to know just how far upslope or
inland the riparian interface extends, and it is likely to vary among the different water-influenced
systems. The ecological concept of a riparian community may be best expressed by functional
differences rather than by a strictly physical or biological definition (Johnson and Lowe 1985).

Like the white plaster walls under leaky gutters, landscapes—especially grassland landscapes—
contain smudges of riparian habitat with blurry edges and obscure interfaces. But even along f40wing
streams and rivers, where a permanent water body is present, the zone of riparian influence is not
neatly defined. That is unfortunate, because if riparian habitats are important reservoirs of
biodiversity, it is unclear how large an area we must manage to maintain the integrity of such habitats.
We have littIe data for British Columbia, but the few exampIes we noted suggest that areas removed
from permanent water bodies, but influenced by water, contribute importantly to the needs of some
species.

,
4. The state of riparian  habitats in B.C.

To manage riparian habitats, we must first know their status. Specifically, we need to know their
location and distribution, and how they are influenced by our activities. Rlparian  ecosystems are
functionally wetlands since they are characterized by water action, be it peremial, intermittent or
ephemeral (Johnson and Lowe 1985; Hall 1988). We have only a poor inventory of our wetlands, in
some areas none at all. The smudges on the landscape where water’s presence has influenced the
vegetation, and thus all else, are largely undocumented. We do know the province has about 27,000
km of coastline and we have a reasonable knowledge of our rivers and lakes. A recent exarnimtion of
watersheds (British Columbia Ministry of Forests 1992) provides a starting point to consider the state of
British Columbia’s riparian habitat.
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Because of the high precipitation and rugged topography there is nowhere in British Columbia that
is not some sort of watershed. If we accept that where there is watershed, there is riparian habitat, we
can generate a broad overview of that habitat’s status. The province is approximately 960,000 km2
almost 100 million ha. Undeveloped watersheds larger than 50 km2 (5,000 ha) represent roughl a

{quarter (24.6%) of British Columbia’s land area (508 watersheds in 1990), totalling  236,639 km
(Table 1). These values imply that 75% of watersheds, and thus riparian habitats, have been
developed. The figure for riparian habitats is actually somewhat lower due to the protection afforded
by various guidelines in developed watersheds. Nonetheless, less than 10% of undeveloped watersheds
larger than 50 krn2 receive full protection.

Table 1
An overview of large (> 50 krn2), undeveloped watersheds in British Columbia (data
summarized from British Columbia Ministry of Forests, 1992)

Area or Number Undeveloped

Number: 508
Area: 236,639 km2

Geographic Regiona: NBM

SI
TP

Biogeoclimatic  Zoneb: AT
ESSF
CWH

MH
BG

CDF
PP

117,590 km2

430 km2

0 km2

392
266

172
126

0

0
0

 

a
 NBM = Northern Boreal Mountains Ecoprovince;
S1 = Southern Interior Ecoprovince;  TP = Taiga Plains Ecoprovince.

b AT = Alpine Tundra; ESSF  =Engelmann Spruce-Subalpine Fir;
CWH = Coastal Western Hemlock; MH = Mountain Hemlock; BG = Bunchgrass;  CDF = Coastal
Douglas-fir; PP = Ponderosa Pine

NaturalIy, both the large undeveloped watersheds and their area are unevenly distributed, and about
118,000 km2 are in the Northern Boreal Mountains Ecoprovince  (Table 1). There are no   remaining
undeveloped watersheds in the Taiga Plains Ecoprovince; 180 km2 in the Southern Interior
Ecoprovince; none in the Coastal Douglas-fir, Ponderosa Pine and Bunchgrass  biogeoclimatic zones.
Of 392 remaining undeveloped watersheds, more than three-quarters (77%) include at least some
Alpine Tundra. Note, however, that the values in Table 1 represent some sort of double accounting
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because a given large watershed often includes more than one biogeoclimatic  zone. Indeed, that is one
reason why riparian  areas represent important forms of connectivity across units of biodiversity.

The pattern revealed by the summary statistics of Table 1 is potentially disturbing, particularly for
the drier regions such as the Bunchgrass, Ponderosa Pine and Coastal Douglas-fir zones. Studies
elsewhere suggest that riparian habitats are critically important in arid areas, where the transriparian
gradient in soil and vegetation is pronounced (e.g., Deloya  1985; Warren and Anderson 1985;
McGarigal  and McComb 1992). In British Columbia it is precisely these areas that have received the
least protection (Table 1).

In summary, British Columbia is comprised of a multitude of watersheds, and these contain riparian
habitats. We have initiated development in about three-quarters of these watersheds, and possibly in
three-quarters of our riparian habitat. Despite some streamside protection, that value may be too low
because it addresses only the readily visible riparian areas along defined river and stream banks. We
have no good estimate of our influence on the smudges—the ponds, the sloughs, and the wetlands. Due
to accessibility and convenience, we have altered disproportionately more low lying, warm, and dry
riparian regions than wet regions or higher elevations. Although these low sites are usually more
productive and thus more rapidly replenished, our activities may be hindering other species who also
seek these productive zones. Because of this potential for conflict, it is important to consider more
closely why and how riparian areas are important. We need to understand ecological relations between
species and riparian areas, specifically which species depend on them. We also should understand how
important these habitats are to forestry. Perhaps then can we manage riparian areas to maintain their
integrity.

5. Why and how are riparian  areas important?

5.1 Contribution to biodiversity

About 340 vertebrate species live in British Columbia’s forests (Bunnell et al. 1991). In Figure 1
the forested biogeoclimatic  zones of British Columbia are ordered by their natural fire-cycle: from
Ponderosa  Pine Pinus ponderosa,  the shortest, to Mountain Hemlock Tsuga mertensiana, the longest.
This order also represents the approximate ranking from driest to wettest. Riparian areas in these
zones host numerous species (Fig. la) representing the majority of vertebrates present in a zone (63 to
74%; Fig. lb) regardless of dryness or fire return interval. Riparian areas contribute significantly to
vertebrate biodiversity  simply because the majority of species are more abundant and reproductively
successful there.

This observation is not novel and has been documented repeatedly in other areas and ecosystems
(e.g., Eckert et al. 1991; McGarigal  and McComb 1992; Hooper and Pitt in press). Using data of
Brown (1985) for forests of western Washington and Oregon, Walls et a2. (1992) report that hardwood
and shrubby riparian  areas have much higher species richness than most other forest types. The only
type that approximated the richness of those sites was the conifer riparian  forests.

In addition to indices of density and reproduction, many species forage preferentially in riparian
areas and breed elsewhere. For example, Pileated  Woodpeckers Dryocopus pileatus  nest and roost in
mature coniferous forests but use deciduous riparian  habitats while foraging and for other diurnal
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activities (Mellen  et al. 1992). Similarly, many bats roost in forested areas and forage over water (see
Brigham, this volume). A number of passerine birds nest in forested areas removed from streamsides,
but move with their fledglings to feed in riparian habitat (J. Woods, unpubl. data). Thus, the
percentage of riparian-associated species may well be higher than the values of Figure 1. In drier areas
riparian-associated species are commonly relatively sparse and potentially vulnerable. In their review
of British Columbia’s grassland ecosystems, Hooper and Pitt (in press) found that of the species
designated by the British Columbia Fish and Wildlife Branch as “of concern”, almost 74% (67 of91)
were riparian-associated.

Figure 1
Associations of native vertebrate fauna with riparian areas in the 12 forested biogeoclimatic zones of
British Columbia: a) species richness, and b) percentage of the fauna that prefers riparian  areas. Zones
are ranked from the driest (PP) to the wettest (CMF), after Bunnell et al. (1991). PP = Ponderosa
Pine; IDF = Interior Douglas-fir; SBS = Sub-Boreal Spruce; BWBS = Boreal White and Black
Spruce; SBPS = Sub-Boreal Pine-Spruce; CDF = Coastal Douglas-fir; ICH = Interior Cedar-
Hemlock; MS = Mountain Spruce; ESSF = Engelmann  Spruce-Subalpine Fir; CWH = Coastal
Western Hemlock; SWB = Spruce-Willow-Birch; MH = Mountain Hemlock
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It is not helpful to ask which species “need” riparian  areas. First, it is difficult to quantify “need”,
and there is a dreadful asymmetry in quantifying it: you can only prove that a species needs something
when you take it all away and the species disappears. Second, although some animals are largely
restricted to these habitats (such as Beaver Castor canadensis, River Otter Lutra canadensis, Mink
Mustela vison, and some amphibian, reptile and waterfowl species), all riparian  associates benefit from,
and may need, riparian  habitat at some stage of their life cycle.

Values of Figure 1 present the broad picture, and only for vertebrate diversity in forested systems.
It would be helpful if we could focus our research efforts on the most critical areas or estimate the

distances over which riparian  influences extend. Intuitively, riparian  areas should be more important in
drier regions where moisture is more likely to be limiting, and that argument has been offered by
several workers (e.g., Deloya 1985; Warren and Anderson 1985). We evaluated the concept by
relating vertebrate species richness and percentages preferring riparian areas across ranks determined
by fire return interval (e.g., Fig. 1).

Values of Spearman’s rank correlation coefficient were -0.58 (P = 0.048) for richness and -0.04
(P = 0.89) for percentages preferring riparian  areas. Although there is a significant tendency for
greater richness in riparian areas of drier ecosystems, there is no apparent trend in percentage of the
total vertebrate fauna that prefers riparian  areas. The latter conclusion suggests that the total fauna
richness also declines with increasing moisture. Because the index of aridity used was the fire-return
interval, declining richness with increasing fire-return interval may simply reflect the role of natural
disturbance in maintaining species richness.

Despite broad trends, species richness and distribution in riparian zones vary, even among
neighboring creeks. Among creeks sampled by Zuleta  and Galindo-Leal  (1993) in the lower Fraser
valley, species richness was higher 2 m from streamside than 50 m from streamside in 8 of 11 creeks
(Fig. 2). There was no evident reason for the opposite pattern in three creeks.

Relative abundance in riparian  areas also varies with individual species. For example, the Shrew-
mole is commonly found in riparian alder/small stream habitats and Skunk Cabbage Lysichiton
americanum marshes (Maser and Franklin 1974; Doyle 1990). In the lower mainland of British
Columbia, however, Zuleta and Galindo-Leal  (1993) found this species to be mostly non-riparian.
Differences of this type may reflect differences in climate regime among study areas such that
influences of riparian areas (e.g., microclimatic  or productivity) are dominated by local climate, or
differences in the adjacent habitat mosaic. Dupuis (1993), for example, provided evidence that riparian
areas became increasingly important for terrestrial salamanders when the adjacent upslope habitat was
altered (Fig. 3).

The complexity of responses in riparian  areas ensures future activities for researchers, and reduces
the credibility of their generalizations. Nonetheless, there is generality. Many species are more
abundant in riparian habitats, many species breed better in riparian  habitats, and some species rely
solely on riparian  habitats. That generality extends to vascular and non-vascular plants and the
invertebrate fauna. Moisture-loving species may become more restricted to riparian  areas as the
landscape is altered (Fig. 3). In British Columbia, 60% or more of vertebrate species fare better in
riparian  habitats, regardless of climate and forest type (Fig. 1). They are likely doing so for a variety
of reasons, which can be summarized into two words: productivity and complexity (Table 2).
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Figure 2
The number of small mammal species found 2 m and 50 m from creeks in the lower mainland (after
Zuleta  and Galindo-Leal, 1993); TN = trap nights
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Figure 3
The abundance of salamanders near ( <10 m) and away (> 30 m) from streams, in old growth and
managed stands (after Dupuis 1993).
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How riparian areas contribute to biodiversity
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5.2 How riparian  areas are important

.

h.

b

9

k

‘k

b

‘k

k

For a variety of reasons forested riparian areas are generally more productive and complex than
upslope streamsides. These and other features of riparian areas combine to meet a wide range of
wildlife needs. The high primary productivity encourages rapid growth, large size, and abundant
forage; the complexity or mix of taxa likewise meets diverse needs (Table 2). The high species
richness associated with riparian areas (Fig. 1) reflects both the greater productivity of these habitats
and the greater diversity of habitat elements they offer. These elements include deciduous trees, a
significant shrubby component, large trees, snags, and downed wood. Deciduous trees and shrubs are
a rich source of insects for many birds and amphibians, an important source of nesting sites for
passerine, and provide browse to ungulates (Kremsater and Bunnell 1993). Because deciduous trees
often become moribund or die young, they also are a significant source of snags and cavity sites.

Among British Columbia’s avifauna  about 40 species are largely restricted to deciduous trees for
nesting and another 45 to 50 use deciduous stands preferentially. These include raptors, such as the
Cooper’s Hawk Accipiter  cooperii, Sharp-shinned Hawk Accipiter striatus, Northern Goshawk
Accipiter gentilis,  and Long-eared Owl Asio otus;  passerine, such as the Bushtit  Psaltnparus minimus,
Northern Oriole Icterus galbula, and Rose-breasted Grosbeak Pheucticus ludovicianus;  and cavity-
nesting waterfowl, such as Wood Duck Aix sponsa, Bufflehead  Bucephala albeola, Common
Goldeneye B. clangula and Barrow’s Goldeneye B. islandica.  Some of these species and others (e.g.,
Yellow Warbler Dendroica petechia,  Western Wood-Pewee  Contopus sordidulus,  Black-headed
Grosbeak Pheucticus melanocephalus) are largely restricted to riparian areas; other species simply
exploit the deciduous cover that grows best in riparian zones.

As well as providing strong limbs for raptors to nest on, large trees provide a large canopy which
intercepts snow in areas of deep snowfall thus providing favorable winter range for a variety of
species. Their canopies also moderate temperature and radiation regimes and precipitate humidity that
would not otherwise fall as rain (Franklin 1988). Some cryptograms and vascular plants, as well as
terrestrial vertebrates, find the microclimate created more favorable than areas upslope. Snags and
live trees provide roosting, perching, and nesting sites for many wildlife species, as well as foraging
substrates for insectivorous animals. The sloughed bark of dead standing trees (snags) is a critical
source of cover for small mammals, and for amphibians (Dupuis 1993).

Downed wood, in the form of stumps, logs and branches, provides another important source of
refuge from predators or inclement weather, and of resting, feeding, and breeding sites for wildlife.
For example, Bunnell et al. (1991) estimated that, in the major forested biogeoclimatic  zones of the
Southern Interior Ecoprovince, 14 to 24% of terrestrial wildlife species breed in downed wood.
Dependence on downed wood is most evident among species foraging on arthropods (e.g., shrew,
salamanders, some birds) and relying on it as a stable, cool, and moist micro-environment (e.g.,
amphibians).

It is important to emphasize the importance of large living or dead, standing or downed wood. Not
only do larger pieces provide more niches, thereby accommodating a greater abundance and diversity
of wildlife, but large size is essential for many species. Flammulated  Owls Otus flammeolus Pileated
Woodpeckers, and Barred Owls Strix vana, for example, apparently do not use cavities in trees smaller
than 50 cm in diameter at breast height (Kremsater and Bunnell 1993). Similarly, some amphibians
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apparently exploit only the larger snags (Table 3), likely because they provide better cover in the form
—

of sloughed bark.

Table 3.
The number of salamanders associated with small and large snags in old growth (after
Dupuis 1993)

Relative abundance of
Snag Size dbh (cm) Mean dbh No. snags/ha salamanders a

> 3 0 77 i- 6.0 11 i- 6.0 21

<30 20.7 i- 2.0 9.5 * 5.5 0

a (No. of salamanders/60 searched snags) x (no. of snags per hectare)

The long, lineal nature of streamside riparian  areas not only makes them more vulnerable to
disruption of the potential connectivity they can provide, but (when uninterrupted) permits connectivity
and travel across the landscape (Table 2). Because streams traverse elevational  gradients, thus
biogeoclimatic  zones, the connectivity provided by riparian  areas maybe an important structural
element maintaining biodiversity.

In summary, the productivity and complexity of riparian  habitats as exemplified by deciduous trees,
high shrub cover, a relatively high density of large trees, snags and downed wood, create a variety of
niches and encourage species richness. The microclimate provides conditions not commonly available
in upslope areas, while the connectivity helps to maintain biodiversity at the landscape level.
Combined, these features are important contributions to local and regional biodiversity.

5.3 Contribution to forestry

Productivity is important not only to wildlife, but also to forestry. A relatively thorough analysis of
riparian contributions within timber harvesting guidelines was conducted by Nelson (1992) in the
Tangiers drainage of the Revelstoke Timber Supply Area. Table 4 summarizes selected findings from
his study. Only three scenarios are presented. The first is volume harvested with no constraints, a
condition no longer representative of practices in British Columbia. The second scenario imposes
adjacency constraints, so that areas abutting cutblocks cannot be harvested until 20 years have passed.
The third scenario presented in Table 4 includes all constraints (e.g., old growth reserves, visual
quality objectives, adjacency, and stream buffers), of which the major additional impact was from
deletion of riparian  areas from harvest.
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Table 4
Volume of timber harvested from the Tangiers drainage under different constraints
(adapted from Nelson 1992)

Cubic meters harvested (%)

Harvest Scenario 50 years 230 years

Unconstrained 100 100

20-year green-up period a 91 97

All constraints (incl.  riparian) 36 48

a All areas adjacent to a cutblock cannot  be harvested for 20 years

Nelson found that protection of riparian  areas presented the biggest impact on forest harvest by
significantly reducing harvested volumes (Table 4). Although the impact is reduced with time, as
temporal and spatial effects of constraints are incorporated into harvest patterns, this analysis does not
consider the higher initial road costs created by dispersing harvest, nor the higher delivered wood
costs. Site index effects are also excluded. The higher site values (greater productivity) in the riparian
zones means that their removal from harvest has a disproportionate impact.

In short, riparian  areas are important for both fibre production and biological diversity. Additional
values of riparian habitats commonly recognized in forest management, include their role in flood
storage and desynchronization, regulation of sediment transport, and enhancement of water quality
parameters (Minshall et al. 1989).

6. What do we do next?

Riparian areas are altered and changed in a number of ways. Residential development and
channeling can simply eliminate them. Damming and road building changes their character
dramatically, as do some forms of agriculture. Grazing and logging can also dramatically change their
nature or they can have minimal impact, but the latter is a less common event. Despite the richness
and uniqueness of riparian habitats, we are continuing to alienate them to agriculture, urbanization, and
hydro-development. We also are taking action, by developing fish-forestry and fish-forestry-wildlife
guidelines or introducing the concept of Forest Ecosystem Networks into the coastal biodiversity
guidelines—all of which incorporate riparian  areas.

Whatever the land use practices are, there will always be winners and losers among wildlife
species, but we can make use of our scattered knowledge to minimize the number of losers. We offer
four recommendations to help us move in a helpful direction.
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1. Broaden our definition of riparian to include all land that is characterized by water’s influence, high
and low seasonal flows and/or periodic floods-land in which the soil is permanently or temporally
saturated. The importance of British Columbia’s forest and fish resources has focused attention on
streamside riparian zones. We noted examples of species that appear to be associated with ephemeral
water supply, the smudges on the landscape. We have a wholly inadequate inventory of such areas and
limited understanding of their role in maintaining biodiversity.

2. Determine the extent to which our activities influence riparian habitats and work to maintain their
integrity. It is impossible to propose guidelines for treating riparian areas more gently without some
knowledge of the distance over which riparian influences and human activities act. Single species
studies will not offer much insight, as these systems are fill of connections. It is noteworthy that
adequate habitat for many vertebrate species must encompass both riparian and upslope habitats
(McGarigal  and McComb  1992).

3. Identify winners and losers, because species depend differentially on riparian  areas for their
survival. We have some insight into potential losers. The Pacific Water Shrew, for example, is rare in
both British Columbia and Canada (Zuleta and Galindo-Leal  1993), and may occur only in riparian
areas (Maser and Franklin 1974; McComb 1989; Doyle 1990). The Tailed Frog Ascaphu.s truei and
Pacific Giant Salamander Dicamptodon ensatus  are others. When Tailed Frogs are found in logged
streams it is usually when uncut trees remain upstream (Bury and Corn 1988). Because Tailed Frogs
are extremely site specific and their populations are significantly separated from other populations
(e.g., Metter 1964; Metter and Pauken  1969), recolonization of some habitats after local extinction may
take a long time. Altering riparian  areas, however, will produce winners as well (Table 5). We cannot
make effective decisions without acknowledging these tradeoffs.

Table 5
Average number of animal tracks observed during winter surveys of four different stand conditions in
the Interior Douglas-fir biogeoclimatic  zone (data from Newhouse and Kinley 1993)

No. of tracks/km/d

Species Control Pine removed Buffer cut Clearcut
Cougar 21 0 0 0
Squirrel 17 17 5 0
Deer 333 91 43 15
Moose o 32 2 0
Coyote o 10 5 0
Elk o 0 9 21
Bird species 10 9 5 3

-.
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4. Examine past natural and human-induced ‘experiments’ to gain insight into the extent of riparian
change and assess the empirical tradeoffs (e.g., Table 5). We have employed a wide range of
approaches to forest harvesting along streamsides  in British Columbia; Table 5 summarizes selected
wildlife responses to four approaches employed in the Interior Douglas-fir zone. As noted above, some
species profit from particular approaches, while others do not; we cannot use our resources and keep
every single species everywhere. Some bird species that appear limited to riparian areas, for example,
may be there because of the presence of insects restricted to deciduous trees or nesting opportunities in
shrubby cover. By examining the wide range of ‘experiments’ that have occurred in British Columbia,
we can also guide our focus and our line of questioning.

Although riparian areas in British Columbia have been altered in many ways, a great deal of
flexibility remains. The recommendations we offer are meant to exploit our past actions and expand
our activities to use that flexibility.
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Importance of riparian habitat to fish

Vince Poulin

(transcription of talk)

When I first saw the agenda of the workshop a few months ago, I was surprised to see no talks
being given on the importance of riparian  areas to fish. I was surprised because the strongest
protection for riparian  habitat is currently provided under the Federal Fisheries Act. The Act states
that no person shall carry out any work or undertaking that results in the harmful alteration, disruption,
or destruction of fish habitat. What is most relevant is how the act defines fish habitat. Fish habitat is
defined as those parts of the environment on which fish depend, either directly or indirectly, in order to
carry out their life processes. It is a powerful Act and by definition riparian  vegetation is a component
of fish habitat that is accorded protection.

Another reason why I wanted to be here is that for the past year I have been working with a
number of others in developing the Forest Practices Code. I have also been a member of the Interior
Fish/Forestry/Wildlife Guidelines committee and I have helped to make some significant changes to the
Coastal Fisheries/Forestry Guidelines that specifically deal with the conservation and the protection of
streamside  vegetation. But, before I go further, I thought you might like to know something about who
I am and why riparian  issues are especially meaningful to me.

When I was 11 years old, I used to trap muskrat in a swamp located near my home in southeastern
Connecticut. Always eager to find new places to make sets, I soon learned that where the hardwood
forest met the swamp it was marked by an increasing number of mink and raccoon tracks. More to the
upland side of the forest I could find opossum and the occasional fox. However, if I went too far into
the hardwoods, all signs of fur bearing animals disappeared and only the clatter of grey squirrels and
forest birds could be heard. On my twelfth birthday, my oldest brother gave me a .22 rifle. It was
then I found the odd mallard could be taken from a small open water area near the swamp edge.

I trapped the swamp until I was 15 or about the time I started to fish with a fly rod. As traps and
rifles were training tools for lessons in biological diversity, my fly rod became the means by which I
first learned why riparian  areas were important to fish. I quickly discovered that the scales in the mink
scat I found at the edge of the swamp were from the eastern brook trout that inhabited a small creek at
the upstream end of the swamp. I found that to successfully angle for these fish I had to carefully
imitate the drift pattern of insects captured in stream flows. I also learned to make drift free casts
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behind logs or boulders, or wherever the current concentrated insects that may have fallen from trees
or emerged from within the stream itself. I found that little fish didn’t like big fish, always preferring
to stay close to cover or hanging out in slower moving water—two important survival tactics.

Back then I didn’t know-how these experiences would influence my decision to become a fisheries
biologist, nor how relevant 30 or more years later, they could be to a workshop like this one. But,
leaving my anecdotal experiences as a young outdoorsman behind, it should suffice to say that just as
my love affair with swamps, wetlands and streams has never ended, neither has my interest in
preserving these critical habitats for fish and wildlife diminished. With the time remaining, I would
like to talk specifically about the importance of riparian areas to fish, and how current guidelines have
been changed or are being developed to protect streamside areas.

Over the past 25 years researchers have been coming to better understand fish habitat and the role
stream vegetation and riparian  areas play in maintaining fish populations. Riparian areas are a
transition zone between terrestrial and aquatic ecosystems. They contain streams and floodplains, and
border areas of forest that influence the stream channel. More traditionally thought of as the domain
for wildlife, riparian  areas commonly include backwaters, sloughs, channels, and ephemeral swamps
that are important fish habitat. Material produced from streamside areas, from large logs to needles
and leaves, are vital for the physical and biological processes that occur in streams. Fish have
relatively specific requirements that must be met in order for them to survive. All fish need food,
shelter or cover, suitable spawning substrates, access to critical spawning and rearing habitats and good
water quality. Riparian vegetation plays an important role in meeting each of these needs.

Overhanging vegetation provides a source of leaf litter and small debris to streams. This material
is an essential source of nutrients both for the aquatic plants and the aquatic organisms which make up
a large portion of the diet of fish. In temperature sensitive streams, overhanging vegetation and
standing timber along streams is needed to regulate and maintain suitable stream temperatures.

The root networks of riparian  vegetation serve a number of functions. They stabilize stream banks,
control sediment input to streams, and maintain the cross-sectional shape of stream channels. Undercut
banks provide low velocity areas that provide refuge and escape cover for both adult and juvenile fish.
Rearing salmonids (salmon and trout) require both summer and winter cover to survive. Large

organic debris (LOD) or large pieces of wood and branches that fall into streams become the structural
elements that create and maintain cover in stream channels. This is particularly true in those streams
where bed material is composed of cobble or smaller material. Large organic debris also serves as the
primary hydraulic control responsible for the production of pool and riffle sequences within a channel.

This is best illustrated by the changes which can be observed in a stream following an event like a
landslide or a debris torrent. Here I have tried to illustrate how the loss of large organic debris
influences channel structure by reducing pool area and causes a corresponding increase in the amount
of riffle. This process reduces habitat diversity within a channel and can eliminate most of the
protective cover for fish.

This slide shows a small creek on the Queen Charlotte Islands which was torrented in the late
1970’s. You can see the similarity to the previous illustration and gain a better appreciation for how
the loss of large organic debris destabilizes a channel and reduces cover. This is the same stream
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during flood waters and another view looking downstream during low water. Virtually all the
protective cover in this stream was removed by mass wasting.

Large organic debris from riparian areas also plays an important role in stabilizing the transport of
sediment in streams and by helping to maintain water quality. In small to medium sized streams, large
organic debris can form steps which dissipate energy, thereby reducing stream gradient and trapping
sediments. This can occur both above and below debris structures. Hydraulically stable gravel
deposits associated with debris structures are frequently preferred salmon spawning sites.

In 1981, the Federal Department of Fisheries and Oceans and the British Columbia Ministry of
Forests and the Ministry of Environment undertook a five year study on the Queen Charlotte Islands of
the effects of mass wasting on fish habitat. It was, in effect, as much a study of the importance of
streamside vegetation to fish as it was about the effects of landslides on fish. The study found that
logging accelerated the frequency of landslides by as much as thirty-four times. It also showed that
streams directly affected by mass wasting significantly affected fish overwintering survival by
eliminating winter cover. Like the Fisheries/Forestry Interaction Program research conducted at
Carnation Creek on Vancouver Island, the study found that streamside logging could significantly effect
fish habitat. Equally important, they found that if you could maintain the natural stream charnel and
control sedimentation, you could mitigate many of the negative effects of timber harvesting. In 1986,
the results of those studies provided the impetus for the development of the Coastal Fish/Forestry
Guidelines. Developed jointly with industry and agencies, these guidelines govern forest practices on
the coast today.

The basis for applying the guidelines is a stream classification system that depends on whether or
not a stream contains fish. All streams are classified into one of three categories: A, B or C. “A”
streams are those that contain anadromous fish, sport fish or regionally significant species. Class “B”
streams are those which contain all other fish, and class “C” streams are those that do not contain fish.

Stream classification information is mapped and used in all phases of planning and forest
operations. What is most relevant to our workshop is that on all class “A” streams, a strearnside
management zone consisting of existing riparian vegetation must be identified and protected, This slide
shows a typical streamside management zone being applied under the current guidelines. The retention
of an intact zone of streamside vegetation effectively buffers the stream from most logging activities
while maintaining a perpetual supply of large organic debris and vegetation to the stream. On steeper
streams, regardless of fish values, a streamside management zone may be applied where the potential
exists to impact downstream habitats by accelerated sediment or debris transport.

Other important guidelines deal with protecting the streamside management zones. For example,
the guidelines require that all streamside  management zones be flagged prior to harvest operations so
they are not damaged. Some logging may occur within the streamside  management zone provided that
the original function and stand characteristics are maintained. Options like partial cutting, retaining a
10 metre no harvest zone, excluding ground machinery, leaving all blowdown and falling and yarding
away are some of the provisions that are required when logging is approved within a streamside
management zone, All logging near the streamside  management zone must be done away from the
stream and into the logging setting. this may require special equipment such as jacking or lining.
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The guidelines also make provisions for wider streamside  management zones where conditions such
as highly erodible  soils, steep slopes, high wind throw potential, or complex channel patterns exist. Not
all streams require a streamside management zone. In streams that do not support fish (Class “C”) and
where there is no potential to damage downstream resources, harvesting is permitted to the stream
edge.

Although Rob Thomson will be speaking to you tomorrow about the Interior Fisheries/
Forestry/Wildlife guidelines, it might be useful to note that in this process we are working towards
developing operational guidelines for the interior that are compatible with the level of protection that
has been afforded to coastal streams.

I would like to conclude this presentation by saying that I do not think there is a more exciting time
to be involved in integrated resource management than now. If the 1980’s was a decade for dealing
with fish habitat, then surely the 1990’s is going to be the decade for meeting the needs of other
riparian dependent species. As you deliberate in your panel discussions, think carefully about the
strategic decisions that are going to be needed to reach these objectives. Remember, the Coastal
Fishery/Forestry Guidelines were developed in 1986, but it took six years and considerable public and
political pressure to make them the excellent guidelines that they are today.

QUESTIONS & DISCUSSION:

Q: (To Vince Poulin)
In your talk, the emphasis seems to be on habitat being destroyed. I would like to know how much

fish habitat as well as how many fish we have available to use that habitat in the interior of
British Columbia.

We had a significant event in the thirties that destroyed a lot of our fish stock in Hell’s Gate, but
now we seem to have a tremendous amount of habitat out there but no fish. We have
commercial and offshore fishing, and Native fishing in the interior, and we have the ability to
wipe out entire runs. We have a tremendous run in the Barriere  watershed, which I am
familiar with, but the only reason we have that run is because the fishery was on strike that
year. We got an awful lot more fish back that year and that dramatically increased the volume
of fish that were coming back in that period.

Although we have the biggest salmon run in the Shuswap area, the amount of habitat and spawning
area is a drop in the bucket compared to what we have in a lot of these other watersheds that
have no fish. I resent the fact that every time you read things that all of a sudden we are
destroying the habitat. We don’t seem to have enough fish available to use the habitat, and I
am just wondering if there are any figures showing how much habitat and how many fish we
have available to use the habitat.

A. (Vince Poulin) I couldn’t tell you. But, what I can say is that the people who manage fish numbers
are not the same people who manage habitat, and as you know, managing fish numbers is a
complex issue. There are a lot of players out there with different mandates, hence the issues
are to some degree quite separate. When I was with the Fish/Forestry Interaction Program I
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was constantly asked to express the impact of mass wasting in terms of fish numbers but we
could never do it because of all of the complicating factors you mentioned. Once fish leave”
streams there is no way of telling what happens to them. We can estimate losses attributed to
habitat degradation, but we can’t nail down the net effect when most fish are intercepted by
sport, commercial and subsistence fisheries.

What is important is that we do know that when habitat quality declines, the net capability of that
habitat to support fish declines, and that is what the guidelines are trying to prevent.
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(Fred Bunnell) There was, and maybe still is, an analogous situation in coastal British Columbia
with the Black-tailed Deer. There was a great deal of effort expended delineating winter ranges
in old growth and deferring them from harvest. Then, some individuals pointed out that “the
wolves are killing all these deer so why are you providing and reserving habitat for them”. I
think that natural systems are going to keep changing, especially as we fuss with them.

What we do know for sure, is that if we don’t have the habitat, we are not going to have fish and
wildlife. So, we know that. Again, there is an asymmetry in this-we have to provide the
habitat. I’m not as concerned about fish as Vince is, but not because I don’t think fisheries are
important. I think that the kind of things we do to habitat to maintain species in riparian areas
other than fish will also help look after the fish.

Q. (To Fred Bunnell) Recently, there has been some discussion in the literature about the importance
of the movement corridors. Given the lack of information and the proof of their use, are we
putting too much emphasis on them? Is it relevant to the management of our riparian habitat
and to the ecosystem network concept that you alluded to? I was just wondering if you have
given much thought to that debate?

A. (Fred Bunnell) Yes, I have given a lot of thought to it. But it is extremely difficult to sort out.
There have been recent reviews on movement corridors. One of the things they pointed out is
that the two most cited studies documenting connectivity or the importance of movement
corridors, never assessed movement outside the corridors. All they demonstrated was that
there was movement within them.

I think the situation is analogous to the late sixties - early seventies situation with DDT.
Researchers were so concerned, they knew they were right, they had to document eggshell
thinning, that they went ahead and designed experiments that proved that eggshell thinning was
important. But it was very easy to challenge those studies. That’s where we are now with the
movement corridors.

We have clouded the issue. Researchers themselves have clouded the issue by being so concerned
about maintaining connectivity that most of the research addressing the question is flawed.

I don’t know whether movement corridors are important or not. I suspect that it is going to differ
dramatically within forest types and it is going to be a function of things like the fire return
interval and those types of fire size. What was the natural degree of comectivity in those
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areas? We do know that some species follow those edges, that they follow the riparian,  and in
particular if we have created a buffer strip, that some species hang in there.

Now, how important that is is unclear because to some extent it may make management a lot more
difficult rather than make things easy for us by maintaining that kind of connectivity. All I can
say is that it is really clouded. I think there are great opportunities to contribute to this because
there is an enormous amount of literature, but by far the bulk of it is flawed if we try and apply
it to B.C. It’s alright where the intervening landscape has been inimitable to species, where it
has been shopping malls, pavement, or agriculture, but in forested systems very much is
unclear.

Q. (To Fred Bumell) You mention in your talk that 5,000 hectares is the smallest area we assume we
can manage for biodiversity. I was wondering if you could explain that further?

A. (Fred Bunnell) If we think of forested systems, we know that there are species that do best in
relatively open areas that were either created in the past by fire or insect outbreak, or by other
means. Now we can create them by logging with even-aged management.

There are also species that do best in much older stands. This means that to maintain the
biodiversity in an area we have to have a range of seral stages and we have to have a range of
stand attributes. This is a guess—this 5,000 acres is just our guess. In order to maintain more
or less persistent populations of species, we are going to have to maintain a distribution of all
those seral  stages and the only way you can do that is to have a relatively large area.

Q. (To Vince Poulin)  I was wondering if I’m correct in understanding that the productivity of those
smaller tributaries that you’ve classed as a “C” (or “4” if you are looking at the coastal
guidelines) has a lot to do with terrestrial input? If, therefore, the productivity downstream in
the larger systems has to do with inputs from these, why wouldn’t you think a buffer would be
necessary under those circumstances?

(To Fred Bunnell) If the buffer is necessary, is there an objective way to measure the extent of the
buffer that is necessary for these systems? I think a lot of these smaller tributaries are the ones
that are impacted by forest harvesting.

A. (Vince Poulin) You have to remember that the Coastal Fish/Forestry Guidelines focus on meeting
the needs of fish and fish habitat. When it comes to small streams, like the Class “C” streams
you mentioned (streams that do not contain fish), the need to retain standing streamside
vegetation is generally based on the requirement to maintain stream channel stability and
protection of water quality where downstream values maybe affected. The CFFG does require
the application of a streamside  management zone on major “Class C“ streams where those
streams are dependent on large woody debris for stability, but not otherwise. From a fisheries
perspective I would have to say that on low gradient streams that do not contain fish, and some
that do, there can be benefits to harvesting to the stream edge in the form of increased stream
temperatures, enhanced sunlight and generally increases in stream productivity that can be
manifested in increased fish growth.
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(Fred Bunnell) I think that there has been enough tinkering going on out there that in terms of our
winners and losers on those smaller streams. We could go and look at that retrospectively and
do comparisons, and I think it would be fairly straightforward to do. However, that would only
tell us about specific streams, or specific classes of streams, and specific kinds of treatments.
We still have the entire cumulative effect, and that is much more difficult.

I don’t know. Your question about the cumulative effects might be downstream or as these little
guys feed into something bigger whatever. I can see that it would be very complicated. It is
complicated enough in terrestrial systems.

One of our difficulties is that it has only been in the last few years that we have had the tools,
things like Geographic Information Systems combined with simulation, that have even allowed
us to effectively think about time and space. We know we are not going to maintain every
species everywhere, that we are not going to maintain all the habitat everywhere. So the
question is, as this changes, as some harvesting goes on, as some land use or some extractive
use continues (and we are patterning this, distributing that across the landscape), can we come
up with ways that will distribute that, that will have fewer impacts on the biodiversity and, in
particular, will maintain the biodiversity.

It won’t maintain it all in one place but it will maintain it somewhere and hopefully be close enough
that as some adjacent habitat becomes suitable then they can move back in. That’s the kind of
concession that we are talking about that Vince mentioned, but the difficulty is projecting that
through time and space.

We have got two issues: One is to learn how to treat that time and space effectively, and we are
making progress there. I think the other issue is to acquire the kinds of data that I think we can
acquire from retrospective documentation. Not really research, just monitoring, that will allow
us to generate the rules that will permit projections through time and space.

Q. (To Vince Poulin) As you know, a lot of these buffers blow down. Could you talk a little bit about
how you manage the blowdown in these buffers?

A. (Vince Poulin) Blowdown is a difficult problem to deal with. It is particularly problematic on the
coast, and can be in the interior. On the coast, it was not long ago that harvesting was
permitted along one side of Class “A” streams in an attempt to help mitigate the potential
damage of blowdown. When patches of trees blow down along streams there is a degree of
destabilization that can occur resulting in higher levels of instream sediment production. When
combined with other sources of sedimentation such as that from landslides, roads, and surface
erosion, these cumulative increases in sediment supply can be significant and have very
dramatic impacts on the amount and availability of fish habitat.

Generally, blowdown is managed on a site-specific basis. In areas where blowdown is a known
problem, the first step would be to consider a larger leave area—basically, widening the leave
area to a windfirm edge. Other techniques possibly include feathering edges to dissipate the
force of wind against a windward edge, topping trees to reduce tree height or limbing  to reduce
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the amount of sail area exposed to the force of wind. Another consideration is the selected
removal of windthrow prone trees.

Clearly, the most important aspects of managing windthrow  is good planning, cutblock  design and
layout of the streamside management zone. Much of the blowdown I’ve witnessed along
streams occurs where the meander pattern of a stream exposes a streamside management zone
to the full force of valley winds, or where small tributary streams meet larger streams at right
angles to the general valley orientation. Having the flexibility to vary the width of a
management zone to eliminate unfavorable windward edges by narrowing or expanding a
leave area thereby making the shear line less abrupt would do much to minimize windthrow.
In other situations harvesting to the stream edge maybe the preferred option.

It is important to remember that windthrow is a natural process that provides many streams with a
source of woody debris necessary to maintain and create fish habitat. Recent audits have
suggested that streamside  management zones do not all blow down. Something like 6-10% of
the stems in the areas audited had blown over. In actual fact, this is what is supposed to
happen. A streamside management zone is established to provide a continued long-term source
of woody debris to streams.
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Vegetation dynamics and ecosystem classification on alluvial
floodplains in coastal British Columbia

Donald S. McLennan

1. Abstract

Alluvial floodplains in coastal British Columbia support productive ecosystems which are critically
important for both consumptive and non-consumptive resource values. Forestry, agriculture and road-
construction, as well as residential and hydroelectric developments are examples of consumptive
activities that can seriously jeopardize or destroy other resource values on alluvial floodplains. A first
step in developing sound management approaches for an area is to identify and categorize the critical
environmental processes that are occurring. The site classification proposed in this paper is intended to
meet this objective, so that ecologically based management prescriptions can be developed.

The structure, composition, growth and pattern of alluvial plant communities are largely
determined by flooding and sedimentation. More specifically, the effects on plant communities are a
function of flooding frequency, duration, and seasonality,  as well as sediment depth, texture, and
mineralogy. The flooding characteristics of a site depend on its elevation relative to the river’s
flooding regime,

As aggravation elevates fluvial  benches, and the effects of flooding subside, alluvial plant
communities undergo primary succession. In addition, disturbances such as logging may superimpose
secondary successional loops on the primary successional pathways. Due to past harvesting, most
alluvial plant communities in coastal British Columbia’s larger drainages are in a state of secondary
succession.

Alluvial site units in coastal British Columbia represent stages along a flooding gradient that
determines vegetation dynamics and succession. Site classification separates the flooding gradient into
low, middle, and high benches, each of which exhibits similar physical effects due to site inundation
and sedimentation. Given similar environmental conditions, the proposed site classification can be used
to manage alluvial floodplains within a uniform ecological framework.
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2. Alluvial floodplains in coastal British Columbia

Of all the riparian habitats in coastal British Columbia, alluvial  floodplains are the most extensive
and the most important for forest management, and contain some of the most productive forest land.
Due to vigorous deciduous tree and shrub growth following logging and the processes of inundation
and erosion that result from unpredictable flooding, alluvial sites are among the most difficult on which
to establish conifers (McLennan  1992). They also form the interface between forest, fish and wildlife
resources, exhibit very high biodiversity, and support a wide variety of life forms (Youngblood et aL
1985). Floodplains provide critical habitat for many of our traditionally most important wildlife
species, such as bears, ungulates, raptors, and waterfowl, in addition to amphibians, bats, other small
mammals, songbirds, and many insect species (Enns et al. 1993). In addition, alluvial sites are
important both as recreational sites and for maintaining the hydrological integrity of watersheds
(Hicken and Sichingabula  1988; Beaudry et al. 1990). For all of these reasons, forested alluvial
ecosystems present an important and complex challenge in integrated resource management.

Despite the significance of alluvial floodplains, there has been little  scientific research on their
physical characteristics, ecology, or resource management in coastal British Columbia. Ecologically
based management requires knowledge of a site’s dominant ecological processes (Pojar et al. 1987).
This paper provides an overview of those processes effecting vegetation ecology and proposes a method
for classifying alluvial floodplain ecosystems based on biogeoclimatic  ecosystem classification (Pojar et
al. 1987; Banner et al. 1990). General management strategies for the sites are then interpreted using
this framework. Specific silvicultural  approaches and management considerations for each of the site
units are presented elsewhere (McLennan, this volume).

3. Flooding characteristics

The flooding characteristics of alluvial floodplains vary with drainage basin size and topography.
Figure 1 shows the 1985 hydrography for the Squamish  and Fraser Rivers, and contrasts the annual
flooding patterns of a small with those of a much larger drainage basin.

Small and medium-sized drainage basins such as the Squamish River are common to coastal British
Columbia. They generally have high relief and low soil storage capacity, and thus respond quickly to
local precipitation events in the watershed (Hicken and Sichingabula  1988). As a result, flooding is
unpredictable, responding to localized storms with rapid rises and falls of water levels. Such events are
most common during the fall and winter months.

In contrast, large rivers such as the Fraser have large catchments  which extend well into the
interior of the province. Rather than responding quickly to local storms, these basins exhibit summer
floods of fairly long duration which reflect the annual snow melt. These different annual flooding
patterns are important for vegetation development because of the inundation that occurs during the
growing season (McLennan 1991). Flooding regimes in coastal rivers vary between these extremes,
with some intermediate-sized watersheds exhibiting characteristics of both.

.
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Figure 1
Hydrography showing mean daily flows for 1985 in: a) the Squamish River (at Brackendale),  and b) the
Fraser River (at Mission). Source: Water Survey of Canada (1985)
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4. Flooding effects on vegetation

I

Flooding and sedimentation are the main factors which determine soil characteristics and vegetation
distribution on alluvial floodplains (Tevershan  and Slaymaker  1976; Clement 1985; Youngblood et al.
1985; McLeman  1991). Alluvial landforms  are deposited as fluvial  bench deposits and a particular
site’s flooding characteristics will depend on the bench’s elevation in relation to the river’s flooding
regime. Table 1 summarizes the main flood-related factors affecting the growth and pattern of alluvial
floodplain vegetation.

Table 1
Flooding factors that affect vegetation on alluvial floodplains

Flooding Sedimentation

frequency depth

duration mineralogy

seasonality texture

Flooding frequency describes the periodicity of flooding, that is, whether it occurs annually, or
every two or more years. Flooding frequency in coastal British Columbia ranges from very frequent
on the lowest benches which may be flooded several times each year, to very infrequent flooding on the
highest benches, e.g. every 10 to 15 years. Flooding duration refers to the length of time a surface is
flooded during any given event. As with flooding frequency, there is a wide range of flooding duration
on alluvial floodplains in coastal British Columbia. Flooding seasonality  refers to the time of year that
flooding occurs on a site, in particular whether or not flooding occurs during the growing season.

The effects of sedimentation on a site’s plant community are a function of the depth, texture and
mineralogy of the deposited soils. Plant species vary in their response to Sedimentation depth. For
example, some plants adapt to burial by producing roots adventitiously from the stem, or by sprouting
from extensive rhizome networks. Sediment mineralogy, the chemical composition of the minerals
deposited as sediment, affects plant nutrition. Sediment texture influences the water and nutrient holding
capacity of the soil, and determines the rate at which water can move laterally through the soil. The
amount of sediment deposited determines soil depth and has an important influence on soil volume and
the rooting characteristics of plants.

Flooding and sedimentation together determine the ecological constraints on plants in different parts
of an alluvial floodplain. For example, in the lowest backwater benches flooding is annual often
persists for several weeks, and occurs during the growing season. These conditions can result in
anaerobic soils which greatly restrict the species occupying such sites. In contrast, the highest areas on
the same floodplain may experience surface flooding only once in five, or as much as fifty or more
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years. Sediments deposited in the highest benches are seldom more than one or two centimetres in
depth when over-bank flooding occurs, are often fine-textured and leave loamy cappings over the
underlying coarser sands and gravels. In this area of the floodplain, soils are seldom anaerobic and
very different ecological conditions result. Thus, varying combinations of flood-related factors in the
alluvial floodplain create significantly different environments for plants to develop.

5. Vegetation succession

In the lowest alluvial floodplain benches, Horsetails Equisetum spp., sedges Carex spp., and semi-
aquatic grasses are adapted to prolonged flooding and high sedimentation. Sedimentation builds
alluvial surfaces both vertically (progradation), as well as horizontally (aggravation). Progradation and
aggravation increase alluvial surface areas and elevations. Aggravation reduces flooding frequency and
duration, and sedimentation rates. As surfaces are elevated, more plants colonize the alluvial surfaces,
slowing water flow and trapping additional sediment. Thus, vegetation increases aggravation rates and
promotes land building on alluvial floodplains.

After flooding, Sitka Willow Salix  sitchensis  and Pacific Willow S. lucida  ssp.lasiandra,  Black
Cottonwood Populus  balsamifera, and Red Alder Alnus rubra colonize moist mineral surfaces and,
together with annual herbs and grasses, form shrub-herb communities beside the channels and in
backwater areas. As aggravation continues, cottonwood and alder dominate these stands while shrubs
such as Red-osier Dogwood Cornus stolonifera and Black Twinberry Lonicera involucrata, and often
dense grass swards colonize subcanopy  niches. As surfaces are elevated further, shade-tolerant
conifers such as Western Redcedar Thuja plicata  and Sitka Spmce Picea  sitchensis  germinate on
elevated microsites under the canopy. In the final stages of floodplain succession, conifers grow
through the broadleaf canopy and dominate the site. A dense shrub layer composed of species such as
Salmonberry  Rubus spectabilis,  Devil’s Club Oplopanax horridus, Red Elderberry Sambucus racemosa
ssp. pubens, and Stink Currant Ribes bracteosum, and a rich herb layer of such species as Foamflower
Tiarella trifoliata,  Lady Fern Athynum filix-femina, Sword Fern Polystichum  munitum,  Enchanter’s
Nightshade Circaea  alpina, and Star-flowered False Solomon’s Seal Smilacina  stellata  are common on
the highest benches in the final succession stages. The highest portions of the alluvial floodplain
provide near-ideal growing conditions for conifers, and many of the largest specimens in the province
are located there.

The primary succession stages described above are idealized and seldom occur as such an obvious
temporal sequence in any one part of the floodplain. Alluvial surfaces are deposited as relatively
uniform benches that gradually aggrade and erode. At a given time, the bench surfaces may occur
anywhere along the flooding gradient. Aggravation will not always progress to the final stage because
lateral channel cutting may destroy surfaces and interrupt succession. In some cases, where charnel
flows are redirected over alluvial surfaces, erosion can reverse the process of succession. Due to
variable sedimentation and erosion histories, most floodplains in major river valleys consist of a pattern
of benches of different heights.

Logging disturbances further complicate vegetation patterns. On coastal British Columbia
floodplains the large Sitka Spruce and Western Redcedars have been eagerly sought afler. Their valley
bottom locations facilitated access and as a result, alluvial floodplains were often the first areas in a
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watershed to be logged. Many alluvial floodplain forests are therefore now in some stage of secondary
succession. .

Logging disturbances have also superimposed secondary successional loops on the primary
succession processes occurring naturally on the floodplain. The type of secondary succession
occurring depends on the bench’s elevation. In most valleys, only the middle and high benches
supported conifers and were logged. In unmanaged stands on the middle and high benches, harvesting
was followed by the vigorous growth of vegetation complexes dominated by the same shrubs that were
in the understory before the disturbance. Within about 10 years, deciduous trees such as Black
Cottonwood, Red Alder and Bigleaf Maple Acer  mucrophyllum  dominate the site, although in many
cases a few conifers can be found scattered in the upper canopies. In general, conifers occupy
subcanopy positions, and occur as scattered individuals that slowly come to dominate the stand as the
shade-intolerant hardwoods are replaced.

6. Ecosystem Classification

Classifying alluvial floodplain ecosystems requires a different treatment under the biogeoclimatic
ecosystem classification. Biogeoclimatic  ecosystem classification follows the polyclimax  theory, where
each ecologically significant segment of an area’s environmental gradient can be characterized by a
site-specific climax community. Thus, unique climax communities define several site associations
within a given subzone or variant. All sites within a given site association, regardless of the
successional stage will have approximately the same climate, soil nutrient and soil moisture
characteristics. Since the climax community dominating the highest alluvial benches differs
ecologically from other sites at lower elevations on the floodplains, it cannot be used as a basis for
differentiating sites because earlier successional stages have significantly different environmental
properties than the final climax stage.

To account for this, alluvial floodplain site classification separates the flooding gradient into low,
medium, and high bench site units (Table 2), each of which exhibits similar inundation and
sedimentation effects. The different site associations within the benches reflect the influence of the
regional climate on community species composition.

For instance, the Ss-Salmonberrry, Ac-Red-osier  Dogwood and At-Willow site associations are
replaced in hypermaritime  subzones (CWHwh and CWHvh - Queen Charlotte Islands, outer mid-coast
and northwestern Vancouver Island) by the Ss-False Lily-of-the-Valley Maianthemum dilatatum, Ss-
Trisetum Trisetum cernuum and Dr-False Lily-of-the-Valley site units, respectively, due to changes in
the major tree or understory species dominating the sites. Black Cottonwood, for example, is a
common and dominant tree on alluvial floodplains throughout much of coastal British Columbia, but is
absent from alluvial floodplains in hypermaritime  CWH subzones. In the drier CDF zone, the Cw-
Common Snowberry Smphoncapos albus  site association replaces the Ss-Salmonberry  site
association on the high benches of alluvial floodplain. This probably reflects the drier soils of the CDF
zone compared to the CWH.
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Table 2
Site associations delineated on alluvial floodplain in coastal British Columbia. Source: Banner et
al. (1990) .

Bench Subzone Site Association

High bench CWHxm, dm, wm, vm, ds, ms, ws Ss-Salmonberry

CDFmm Cw-Snowberry

CWHwh, vh Ss-False Lily-of-the-
Valley

Medium bench CWHxm, dm, wm, vm, ds, ms, ws Ac-Red-osier Dogwood

CWHwh, vh Ss-Trisetum

Low bench CDFmm, CWHxm, dm, wm, vm, ds, mw, At-Willow
Ws

CWHwh, vh Dr-False Lily-of-the-
Valley

Zone and Subzone Codes: CDF - Coastal Douglas-fir; mm=moist maritime, CWH - Coastal Western Hemlock;
xm =very dry maritime, dm =dry maritime, mm=moist maritime, vm =very moist maritime, wh = wet hypermaritime,

vh =very wet hypermaritime,  ds=dry submaritime, ms=moist submaritime,  ws = wet submaritime.

Tree species codes: Ss=Sitka Spruce; Cw= Western RedCedar; Ac=Black  Cottonwood; Dr=Red  Alder.

Table 3 summarizes flooding data for five sites. Although the flooding duration at the soil surface
for low and middle bench sites is similar, flooding frequency is much higher in the low bench sites. On
average, the two low bench sites experienced surface flooding at least once every two years, whereas
the middle bench sites underwent surface flooding only once every four to six years. Soil flooding
duration above 60 cm soil depth has been much higher at the low bench sites, averaging up to a month
over the last 24 years. The high bench site and the middle bench site flooding frequencies are similar,
but the flooding duration has been much shorter. Surface flooding occurred at the high bench site for
an average of only 1.3 days during the growing season, compared to 17 days for middle bench sites.

These limited data suggest that flooding duration and frequency vary considerably within the three
alluvial site associations. The data also suggest that low benches are flooded almost annually during
the growing season and for a much longer duration than middle benches. High benches are flooded
almost as frequently as middle benches, but for shorter periods.
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7. Ecological characteristics and management interpretations for alluvial site associations

Site classification uses the inherent properties of ecosystems to develop classification units which
represent relatively uniform environmental conditions. Given these uniform environmental conditions,
it becomes possible to develop ecologically based mamgement practices for alluvial floodplain in
coastal British Columbia. This section summarizes the ecological characteristics of coastal floodplain
sites, and presents general management interpretations.

7.1 Low Bench Sites (Ac-willow/Dr-False Lily-of-the-Valley)

Low bench sites are flooded every year during the growing season for as much as several weeks
(Table 3). These sites have Pacific and Sitka Willow with Black Cottonwood and/or Red Alder in the
tree layer, with variable coverage of shrubs (especially Black Twinberry and Red-osier Dogwood)
beneath. Annual herbs and grasses and horsetail species are common and reflect the frequent
disturbance and annual flooding.

Two site types are recognized: a) sandy-skeletal, and b) loamy (or often loamy-gleyed). Sandy-
skeletal site types are located beside main charnels, on the leading edge of point bars, or on the low-
Iying islands common to high-energy, braided river charnels. This type undergoes strong erosion and
deposition and is often characterized by coarse, gravelly soils. The loamy site type can be found in
infilling  backwater channels where soil textures are finer, and gleying  may occur. Extensive coverage
by Reed Canary Grass Phalaris arundinaceae  and sedges can help to identify this type. Low benches
occur in all floodplains in coastal British Columbia, but seldom occupy a large area.

Due to severe flooding on low bench sites, tree productivity is generally low and silviculture
opportunities are limited. Hardwood productivity is very low to moderate, and conifers cannot tolerate
either the persistent growing-season inundation, or sedimentation and erosion. The sandy-skeletal site
type usually abuts major charnels, and should be left intact, both to protect fish and wildlife habitat and
to help protect adjacent sites from the direct effects of sedimentation and erosion due to flooding. The
loamy site type occurs primarily in infilling  backwater channels, where it often grades into non-forested
wetland communities. These communities should be preserved for wildlife cover, forage for
waterfowl, songbird nesting habitat, raptor perching, reptile and amphibian habitat, and fish-rearing
areas, and to stabilize hydrologic regimes and alluvial landforms.

7.2 Middle Bench Sites (Ac-Red-osier Dogwood, Ss-Trisetum)

On middle bench sites, both below-ground and surface flooding may occur annually, the former
often during the growing season and the latter in depressions. Most conifers grow primarily on
mounds. The tree layer is dominated by Black Cottonwood and Red Alder in most subzones, and by
Red Alder alone in hypermaritime  subzones, Sitka Spruce and Western Redcedar commonly occur as
scattered individuals throughout the deciduous canopy. The shrub layer is usually extensive with heavy
coverage of Red-osier  Dogwood and Black Twinberry, as well as many other species. The herb and
moss layers are somewhat impoverished due to high shrub coverage and frequent sedimentation from
flooding. Soils are usually deep and grade from coarse sand at depth to sandy loams at the surface with
poorly developed mull humus forms. Middle bench ecosystems cover significant areas of many of the
largest coastal floodplains, especially where the highest and most persistent floods occur during May
and June (see Figure 1).
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Table 3
Frequency and duration of flooding during the growing season (March to October) at selected low bench, middle bench, and high bench
sites. Flooding data have been calculated for a soil depth of 60 cm and for flooding at the soil surface

Site Association Low Bencha Middle Benchb High Benchc

Site Site A Site B Site C Site D Site E

Soil Level Soil 60 cm Soil 60 cm Soil 60 cm Soil 60 cm soil 60 cm
surface soil surface soil surface soil surface soil surface soil

depth depth depth d e p t h depth

Year of record 24 24 24 24 24 24 24 24 39 39

Years flooded 13 20 12 9 6 13 4 9 6 16

Frequency (flood/x yrs) 1.85 1.2 2 1.4 4 1.85 6 2.6 6.5 2.4

A Mean flood duration 16.8 26.9 17 29.7 16.6 16.8 17 19.1 1.3 2.1
(days)

1 Low bench = At-Willow site association
b Middle bench = Ac-Red-osier Dogwood site association
c High bench = Ss-Salmonberry  site association

Data are based on regressions of historical discharge data on surveyed water levels at the five sites. -.
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Conifer regeneration on middle bench ecosystems is limited to elevated microsites  where growing
season flooding is reduced. Although elevated microsites  can forma significant area of middle bench
sites, in most cases the area occupied by elevated sites is minor. As a result of varying degrees of
annual growing season flooding on the survival of conifers, middle bench sites are best suited for
managing deciduous species. Cottonwood and alder are inexpensive and easy to regenerate, can attain
free to grow status and meet stocking standards without herbicides, and have short rotations, thereby
decreasing the risk of losing the site to erosion before the stand can be harvested. Given middle bench
sites’ very high resource values, any forest management strategies must be integrated with biodiversity,
fisheries, recreational and hydrological considerations.

7.3 High Bench Sites (Ss-Salmonberry, Ss-False  Lily-of-the-Valley, Cw-Common  Snowberry)

Sites on the highest alluvial floodplain benches are rarely flooded above ground and sedimentation
is usually reduced to a thin silt capping when flooding does occur. Deep coarse sediment deposits can
occur on levees directly adjacent to channels. Floodwater inundates the rooting zone during the
growing season but seldom reaches the surface, and thus does not significantly effect nutrient uptake or
other soil processes. Vegetation on high bench sites is dominated by conifers such as Western
Redcedar and Sitka Spruce, with lesser amounts of Douglas-fir Pseudotsuga  menziesii, Western
Hemlock Tsuga heterophylla,  and Amabilis Fir Abies  amabilis. Even in mature stands, however, there
is usually a significant deciduous component of Black Cottonwood (absent in hyperrnaritime subzones),
Red Alder, and Bigleaf Maple in the tree layer. Compared to middle benches, high bench site soils
usually have a deeper loamy capping over coarse sands and more well-developed mull humus forms.
High bench sites dominate large areas of the floodplain of many medium-sized watersheds.

Due to reduced inundation and sedimentation on the high benches, conifer and hardwood
productivity is the highest of all floodplain sites. For this reason, high bench sites provide the
opportunity to manage a variety of deciduous and coniferous species, either singly or in combination.
As on middle bench sites, other resource values are very high on high bench sites and require careful
consideration before applying management treatments.

8. Acknowledgements

I would like to thank Alan Banner,  Research Branch, Ministry of Forests, Victoria, and Dr. K.
Klinka,  Department of Forest Science, Faculty of Forestry, University of British Columbia, for their
careful reviews of the original draft of this manuscript.

9. Literature cited

Banner, A., R.N. Green, K. Klinka,  D.S. McLennan, D.V. Meidinger, F.C. Nuszdorfer,  and J. Pojar.
1990. Site classification for coastal British Columbia—a first approximation. B.C. Min. For., Victoria, B.C.

Beaudry, P. G., D.L. Hogan, and J.W. Schwab. 1990. Hydrologic and geomorphic considerations for
silvicultural investments on the lower Skeena River floodplain. FRDA Rep. No. 122, Canada-British Columbia
Partnership Agreement on Forest Resource Development, B.C. Min. For. - Forestry Canada, Victoria, B.C.

Clement, C.J.E.  1985. Floodplain succession on the west coast of Vancouver Island. Can. Field-Naturalist
99:34-39.

—

.

42



.

I —

I

I,-

Enns, K. A., E.B. Peterson, and D.S. McLennan.  1993. Impacts of hardwood management on British Columbia
wildlife: problem analysis. FRDA Rep. No. 208, Canada-British Columbia Partnership Agreement on Forest
Resource Development, B.C. Min. For. - Forestry Canada, Victoria, B.C. ‘

Hicken,  E.J. and H.M. Sichingabula.  1988. The geomorphic impact of the catastrophic October 1984 flood on
the planform  of the Squamish River, southwestern British Columbia. Can. J. Earth Sci., 25:1078-1087.

McLennan, D.S. 1991. Site selection for black cottonwood in coastal British Columbia. FRDA Memo No. 183.
Canada-British Columbia Partnership Agreement on Forest Resource Development, B.C. Min. For. - Forestry
Canada, Victoria, B.C.

McLennan, D.W. 1992. Brush hazard ratings, regeneration alternatives, and important management
considerations for high brush hazard ecosystems in the Vancouver Forest Region. Contract rep. to B.C. Min.
Fo r . ,  Burnaby, B . C .

Pojar, J., K. Klinka,  and D.V. Meidinger. 1987. Biogeoclimatic  ecosystem classification in British Columbia.
For. Ecol. Manage. 22:119-154.

Tevershan, J.M. and J. Slaymaker. 1976. Vegetation composition in relation to flood frequency in the Lillooet
River Valley, British Columbia. Catena 3:191-229.

Water Survey of Canada. 1985. Surface water data. Water Resources Branch, Dep. Environ., Vancouver, B.C.

Youngblood, A. P., W. Padgett, and A.H. Winward. 1985. Riparian  community type classification of eastern
Idaho - western Wyoming. U. S.D.A. For. Serv., R4-Eco1-85-01,  Ogden, Utah.

43



,—

—

b

b

k

b

Part III

Riparian wildlife

45



h

p

I

Breeding biology of the Red-naped Sapsucker in south-central
British Columbia

Edward H. Miller

Abstract

The Red-naped Sapsucker Sphyrapicus  nuchalis  has been studied near Cache Creek since 1989.
Many breeding adults and fledglings have been banded. The species is locally abundant, nesting almost
entirely in Trembling Aspen Populus tremuloides  and demonstrating a high fidelity to nesting areas
used in previous years. Particular trees are used “for nesting in successive years, often by the same
individual birds or pairs. Depending upon weather conditions, nest excavation may begin as early as
late March, with the latest fledging occurring in late July. Nesting success is high, though nestlings
and breeding adults fall prey to several species of bird and mammal predators. Fledglings and their
parents associate with one another for a long time after young leave the nest. Most feeding, including
that by fledglings, occurs away from the nest trees.
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Utilization of riparian habitats by terrestrial arthropods

Crispin  Guppy

Abstract

Riparian habitats are critical to many terrestrial arthropods. Many species, such as saldid  bugs
(Saldidae), spend their entire life-cycle within riparian habitat. Other species depend on riparian  areas
for only part of their life-history, although that phase is still critical. Eastern and Western Tiger
Swallowtail butterflies Papilio  canadensis  and P. rufulus,  require the presence of larval food plants
such as willows, Black Cottonwood Populus  balsamifera  and Trembling Aspen P. tremuloides.
Stonefly (Plecoptera) and dragonfly (Odonata)  larvae mature in a variety of water bodies, but they
crawl out of the water into the adjacent riparian areas before emerging as adults. In the otherwise arid
environments which occur in the southern interior, the moist riparian areas supply water (from mud),
as well as summer flowers from which adult insects can obtain nectar and pollen for food. Large
numbers of bees, flies, butterflies, and moths depend on such nectar sources for food, even though they
breed in the surrounding arid habitats. A complete list of “riparian”  terrestrial arthropods is currently
not possible.

—
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Use of riparian and riparian-associated habitats by Fishers

Richard Weir

1. Abstract

Habitat use by Fishers Martes pennanti was studied in the Sub-Boreal Spruce biogeoclimatic  zone
northeast of Williams Lake, British Columbia. Fifteen Fishers were radio-collared and transplanted
into the study area, and seven resident Fishers were fitted with radio-collars. Fishers were relocated
using aerial and ground telemetry from December 1990 to April 1993. Preliminary results indicate that
riparian  (hygric  and sub-hydric)  and riparian-associated  (sub-hygric)  habitats were used by Fishers
more frequently than expected based on habitat availability. Fishers’ resting dens were most frequently
located in large diameter hybrid White Spruce trees Picea  engelmannii x P. glauca  infested with rust
brooms, or in declining Black Cottonwoods Populus  balsamifera These habitat elements occurred
primarily in riparian  and riparian-associated  habitats. Female Fishers’ maternal dens were located
exclusively in large diameter, declining cottonwoods located in sites within or immediately adjacent to
riparian habitat.

2. Introduction

Fishers Martes  pennanti  are often closely associated with riparian and dense wetland forest types
(Coulter 1966; Kelly 1977; Powell 1982). Several reasons have been offered to explain this high use
of riparian habitats by Fishers. Riparian habitats may provide a greater diversity of prey (Kelly 1977),
and may be used for travel and escape (Bucket al. 1979). Kelly (1977) reported that Fishers used
wetland associated habitats for resting more frequently than for hunting. However, none of these
studies have been able to identify the riparian habitat attributes for which Fishers may be selecting.

Very little is known about the biology of Fishers in coniferous forests of western North America.
Although Fisher habitat use has been examined in western United States (California: Schempf and
White 1977; Buck et al. 1979; Oregon: Ingram 1973), most substantial studies of Fisher biology are
biased to forest types in eastern North America (e.g. Kelly 1977; Powell 1977; Arthur 1987).
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Because an ecological study of Fishers has not been conducted in British Columbia, managers have
been cautious about extrapolating results from other forest types. To ensure management prescriptions
were developed within the appropriate ecological context, habitat use by Fishers was examined in the
Sub-Boreal Spruce biogeoclimatic  zone northeast of Williams Lake, British Columbia. Resident and
transplanted Fishers were located throughout the year using aerial and ground radio-telemetry. Both
resting and maternal dens were located, and habitat attributes found at each site were measured.

My objectives are to: 1) describe habitat use by Fishers with regard to different moisture regimes,
2) determine if Fishers exhibit habitat selection, and 3) describe habitat attributes which Fishers maybe
using in selected habitats. Particular emphasis will be placed upon examining habitat variables at both
resting and maternal dens.

3. Study area and methods

3.1 Study area

The study area encompassed approximately 1700 km2 and was located 60 km northeast of Williams
Lake, British Columbia (52°10’N,  122°10’W) (Fig. 1). The study area lies entirely within the Sub-
Boreal Spruce biogeoclimatic  subzones dwl and dw2 (Horsefly and BlackWater dry-warm variants,
respectively). The area is characterized by relatively moist and productive forest types, and is believed
to have the highest capability for supporting Fishers in the Cariboo  Sub-Region (Hebert 1989).

Precipitation in the area ranges from 430 to 580 mm annually, and snow depths can reach 2 m.
Mean monthly temperatures range from 15.4°C in July to -10.3°C  in January. Elevation varies from
750 to 1200 m (Ministry of Forests 1987).

Forest types are dominated by Douglas-fir Pseudotsuga menziesii, Lodgepole Pine Pinus contorts,
and hybrid White Spruce Picea  engehnannii  x P. glauca, with minor deciduous components of
Trembling Aspen Populus tremuloides, Paper Birch Betula  papyrifera, and Black Cottonwood Populus
balsamfera.  The understory consists primarily of Prickly Rose Rosa aciculans, Saskatoon
Amelanchier alnifolia and Falsebox  Pachistima myrsinites
techniques have occurred over the past 40 years, creating a
throughout the study area.

3.2 Methods

Forest harvesting using a variety of
mosaic of seral stages and stand types

Fifteen Fishers were lived-trapped from the eastern Chllcotin(51°45’N, 124°45’W), immobilized,
and radio-collared. These Fishers were transplanted into the study area using soft-release methods
(Davis 1983). A further seven resident Fishers were live-trapped and fitted with radio-transmitters.
Fishers with functional transmitters were located a minimum of twice per week using aerial and ground
telemetry from December 1990 to April 1993.

Use of ecological moisture regime (Luttmerding  et al. 1990) was determined from visual
classification of habitats during telemetry flights, and from locating resting and maternal dens from the
ground. Moisture regime availabilities were estimated from 1:20000 biophysical  maps (Clement 1992),
and from random ground points. Use was compared to availability following Neu et al. (1974), using
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95% Bonferroni con fidence intervals. Riparian habitats were defined as those areas with ecological
moisture regimes that were hygric or wetter. Riparian-associated  areas were those habitats with sub-
hygric moisture regimes.

Figure 1
Fisher research study area. The study area covers approximately 1700 km2
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When possible, resting dens were located when a Fisher’s radio-transmitters emitted a constant
signal, indicating an immobile animal. Maternal dens were located on the third consecutive day of
same den use by females in early April. Sites were classified as either tree, slash, or coarse woody
debris (CWD) dens. Moisture regime, slope, aspect and elevation were recorded at all den locations.
Tree species, class and height, diameter-at-breast-height (dbh), age, canopy class, pathological
remarks, and height of den were recorded for all tree dens.

4. Results

4.1 Habitat and moisture regime use

Fishers were “located  226 times using aerial telemetry, and 36 times from the ground. Although
Fishers were located in moisture regimes ranging from sub-xeric to sub-hydric, they used mesic
habitats more frequently than all other moisture regimes combined (50.4% of all relocations). Fishers
did not use all moisture regimes as expected based upon availabilities (P <0.001, X2=256.9, df =6);
habitats with sub-hygric  and hygric  moisture regimes were used more frequently than expected
(P< O.05),  and sub-mesic  and hydric habitats were used less frequently than expected (P< O.05) (Table
1).

4.2 Location of Dens

Fishers were located in31 resting and 5 maternal dens. Dens were found in areas with moisture
regimes ranging from sub-mesic to sub-hydric.  Most resting dens were in habitats with sub-hygric  to
hygric moisture regime (Fig. 2). Twenty-seven of 36 resting and materml dens were located in these
two habitat types. Twenty-three resting dens were in trees in riparian  habitats. Four of five maternal
dens were found in sub-hygric habitats, and one was in a mesic habitat, immediately adjacent to a
wetland.

Fishers rested in tree dens more frequently than any other den type (26 tree dens, 2 slash dens, 3
CWD dens). Fishers used four species of trees in which to rest: Trembling Aspen (1 den), Douglas-fir
(3 dens), White Spruce (17 dens), and Black Cottonwood (10 dens). Fishers used large diameter trees
for denning  (mean dbh + SD = 70.2 cm + 34.7 cm, range 19.7-154.2 cm). The mean dbh for
Douglas-fir was 111.0 cm, spruce was 46.3 cm, and cottonwoods was 98.7 cm (Fig. 3).

The aspen den was in a declining (dead leader stem, some decay) large tree with many woodpecker
holes. Douglas-fir dens were in large diameter, dead or declining
diameter spruce trees that were heavily infected with rust brooms.
in branch-hole cavities in large-stemmed, declining cottonwoods.

5. Discussion

trees. Fishers selected large
They rested and whelped exclusively

Preliminary results indicated that radio-collared Fishers in the dry-warm portions of the Sub-Boreal
Spruce biogeoclimatic  zone select habitats with some form of moisture present at or near the soil
surface. Fishers used sub-hygric (riparian-associated)  and hygric (riparian) moisture regimes more
frequently than expected, based upon availabilities. Sub-mesic  and hydric habitats were used less
frequently than expected.

—

.-

52



Table 1
Ecological moisture regimes used by Fishers, 1991-1993, n= 252 locations

Moisture Availability Expected Observed Observed Bonferroni
regime use use Proportion 95% confidence

Of u s e  (pi) interval

Xeric/sub-xeric 0.012 3 1 0.004 ‘0.007 <pi S 0.015

Sub-mesic 0.163 41 17 0.067 0.025 s pi < 0.109s

Mesic 0.569 143 127 0.504 0.420 <pi <0.588

Sub-hygric 0.105 26 62 0.246 0.174 <pi< 0.318s

Hygric 0.027 7 42 0.167 0.105 <pi< 0.229s

Sub-hygric 0.074 19 13 0.052 0.015 <pi <0.089

Hydric 0.052 13 0 0 0

s - denotes significant difference between use and availability
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Figure 2
Moisture regimes of Fisher resting dens, 1991-1993. Most resting dens were located in riparian-
associated habitats
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Figure 3
Mean diameter at breast height and range (cm) of Fisher tree dens, 1991-1993
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Fishers rested and whelped offspring primarily in large diameter trees found in riparian and
riparian-associated habitats. Each species of den tree had specific attributes which the Fishers used.
Large rust brooms in spruce trees were the most predominantly used tree attribute. Trees in which rust
brooms occur are located primarily in small stands of large spruce. These are often found only in areas
with sub-hygric and wetter moisture regimes. Tree cavities in cottonwoods were used for both resting
and whelping. Cottonwoods with cavities large enough to accommodate Fishers occurred in areas
closely associated with continuous supplies of free water. Although not as strongly associated with
moist areas as other den tree species, large diameter Douglas-firs provided rotted tops and large
branch-holes in which the Fishers rested.

Attributes of the tree species found in the riparian and riparian-associated habitats appear to fulfil
Fishers’ resting and whelping requirements. Although use of riparian and riparian-associated  habitats
by Fishers for resting and whelping may not account for all habitat use of riparian zones, these areas
may supply important habitat elements for Fishers. Further research is needed to determine whether
these habitats and den tree attributes are required, and to determine if Fishers are able to use other
habitat elements for denning. It is also important to determine if Fishers are using riparian-type
habitats for other purposes, such as foraging and travel.
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Riparian  habitat and its importance for roosting and foraging by
bats

R. Mark Brigham

1. Abstract

Our understanding of many of the most basic facets of bat biology is inadequate. Conservation of
bats, as for any species, is only possible if critical habitats are identified and protected. For many bats,
riparian habitats appear to be essential, but it is not presently possible to say this for certain. With 16
species, eight of which are found nowhere else in Canada, British Columbia has a greater diversity of
bats than any other province. Thus, it maybe even more important to improve our understanding of
these often maligned creatures in British Columbia than elsewhere in Canada,

Two resources that all bats require during the summer active season are foraging areas and roost
sites. Foraging often occurs near or over water courses where insect availability is high. Natural
roosts, when used, also appear to occur close (< 1 km) to water. Further, many species of bats have
adapted to man-made structures, and in British Columbia, these tend to be concentrated in river
valleys. Finally, for some species, the proximity to standing water is also important due to the
requirement for these animals to drink.

All of this implies that riparian habitats should be very important to bats in supporting both
foraging and roosting activities. It is my contention that in many areas of British Columbia, riparian
habitats will support concentrated levels of bat activity during the summer months. There is no a priori
reason why hibernating sites will be likewise concentrated and thus this paper will focus on the summer
activity period.

The purpose of this paper is twofold. First, I will review the data available about the use (foraging,
roosting) of riparian habitats by bats and show that our level of knowledge is inadequate. Second, I
will suggest what I feel are the most fruitful avenues for future research on habitat use by bats.
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2. Introduction

In temperate North America, biologists who set out to investigate insectivorous bats have
concentrated their activities (e.g., netting, direct observations, bat detectors) in riparian habitats.
There are virtually no rigorous data to support the idea that bats concentrate their activity in the same
areas. Lincoln et al. (1982) define riparian as “pertaining to, living or situated on, the banks of rivers
and streams”. For the purposes of this paper, I will extend the definition of riparian to include the
airspace over a water body. I also include the margins and the edges of lakes as riparian habitat. For
bats, riparian habitats maybe important for roosting sites and foraging areas, two resources that all bats
require during the summer active season. Also, for some species, the proximity to standing water is
important in satisfying the need to drink.

—

With 16 species, eight of which are found nowhere else in Canada, British Columbia has a greater
diversity of bats than any other province. Due to the geography of much of the province, stream,
creek, and river valleys may be among the most suitable foraging places. Further, many potential
roosts such as some tree species and human settlements are concentrated in riparian areas.

All of this implies that riparian  habitats should be very important to bats in supporting foraging and
perhaps roosting activities. It is my contention that in many areas ,of British Columbia, riparian habitats
will be found to support concentrated levels of bat activity during the summer months. There is no a
priori reason why hibernating species will be likewise concentrated and thus this paper will focus on the
summer activity period.

The purpose of this paper is twofold. First, I will review the data available about the use of
riparian habitats by bats and show that our level of knowledge is limited. Second, I will suggest what I
feel are the most fruitful avenues for future research on habitat use by bats.

3. Species Accounts

In the following sections, I review aspects of roosting and foraging behaviour relevant to the use of
riparian habitat by the 16 bat species recorded in British Columbia. In some cases, for reasons outlined
at the beginning of a species account, 1 have grouped species together for discussion purposes. Table 1
summarizes the natural history of British Columbia bats. For a detailed description of each species,
their distributions, and an identification key, see Nagorsen and Brigham (1993).

3.1 California Bat - Myotis californicus

With a mean mass of 4.4 g, Myotis californicus is one of the smallest bats found in British
Columbia (Nagorsen and Brigham 1993) and is typically found in arid grasslands, humid coastal forests
and montane forests. The only work on this species in British Columbia took place in the southern
Okanagan Valley. Woodsworth (1981) found that the diet comprised principally of aquatic caddisflies
(Trichoptera),  suggesting that the bats foraged over calm water surfaces. Foraging also occurs in the
tree canopy, especially in groves of Black Cottonwood Populus balsamifera,  which are typically found
in riparian  habitats.
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The roosting requirements for this species appear to be quite flexible, although most records are
anecdotal. This species can use rock crevices, tree cavities, spaces under bark, mine tunnels buildings
and bridges. Many of these sites are associated with riparian areas.

Table 1
Summary of natural history data for the 16 species of bats in British Columbia

Species Hibernation colonial Mass Litter Summer roosts Diet Reference
/migration /solitary (g) size

Myotis californicus

M. ciliolabrum

M. evotis

M. keenii

M. septensrionalis

M. [uclJi/gus

M. yunranensis

M. thysonodes

M. volans

Lusiurus  blossevilli

L. cinereus

Lusionycteris  noctivagarss

Eptesicus fuscus

Euderma maculatum

Plecotus  townsendii

Antrozous pallidus

hibernates
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3.2 Western Small-footed Bat - Myotis  ciliolabrum

This is currently a Blue listed species in British Columbia, but recent surveys suggest it is relatively
widespread and more common than previously thought (Holroyd et al. 1993).  Very little has been
published on the natural history of this species, although there is a reasonable amount of data on M.
leibii, a morphologically similar species from eastern North America. Similarity in wing morphology
and echolocation call structure suggests that similar habitat use may occur. Holroyd et al. (1993) found
this species in the South Thompson River Valley and the Fraser River Valley. This extends the known
range, which was previously restricted to the Okanagan and Similkameen river valleys (van Zyll de
Jong 1985; Nagorsen and Brigham 1993).

Western Small-footed Bats are typically found foraging near cliffs and rocky outcrops in arid
valleys and badlands and occasionally over open water (Schowalter  and Allen 1981; Woodsworth 1981;
Nagorsen and Brigham 1993). The diet of Small-footed Bats near Vaseux  Lake consisted primarily of
caddisflies,  suggesting that at this location foraging near water is common (Woodsworth 198 1).
Holroyd  et al. (1993) caught M. ciliolabrum predominantly over dry bunchgrass  areas that were in the
vicinity of water (less than 500 m). This suggests that riparian habitats may not be critical. However,
one bat was caught in a wet swampy area supporting a dense stand of mature cottonwoods.

Western Small-footed Bats usually roost in cliffs, vertical banks, talus slopes, under boulders, and
in buildings (Holroyd et al. 1993; Nagorsen and Brigham 1993); although there are records of these
bats being found under bark (van Zyll de Jong 1985). Night roosts include small caves, mines, and
buildings (Nagorsen and Brigham 1993). Again, the implication is that riparian habitats are not of
critical importance.

3.3 Western Long-eared Bat - Myotis evotis;  Keen’s Long-eared Bat -M. keenii;  and Northern
Long-eared Bat - M. septentrionalis

I treat the Long-eared Bats together for a number of reasons. Taxonomically,  M. septentrionalis
and M. keenii are closely related (keenii  was formerly applied over the whole range but is now
restricted to the west coast and associated islands) (van Zyll  de Jong 1985). Further, Firman  et al.
(1992) and Nagorsen and Brigham (1993) conclude that at present it is difficult if not impossible to
distinguish between the three species in the field. Finally, there are only three records for
septentrionalis  in British Columbia (Fenton et al. 1983; Nagorsen and Brigham 1993) and its foraging
and roosting behaviour  apparently resemble that of evotis, although the data are limited. I will not
discuss the foraging or roosting behaviour  of keenii  due to its very specific range (apparently old
growth forest; Firman et al. 1992). Myotis keenii  and M. septentnonalis  are Red listed species in
British Columbia, while M. evotis  is considered common.

The Northern Long-eared Bat has been found foraging in forest habitats (e.g., Western Hemlock
Tsuga heterophylla  and Western Redcedar Thuja plicata)  in Mount Revelstoke National Park (Fenton et
al. 1983). These bats were caught over small ponds in forest clearings under the tree canopy, mostly
1-3 m above the ground just above the understory. This species appears to be associated with
“cluttered” habitats and probably gleans insects off vegetation (Faure et al. 1993) as MYOtiS  evotis  does
(Faure  et al. 1990; Faure and Barclay 1992). It is unknown how much of the Northern Long-eared
Bat’s foraging activity occurs in riparian  habitats.

.
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In eastern North America, Northern Long-eared Bats roost in buildings and under tree bark (Caire
et al. 1979; Fitch and Shump 1979), but there are no data for British Columbia. Night roosts seem to
be separate from day roosts and include caves and buildings.

The Western Long-eared Bat has been found foraging in a wide range of habitats including
Ponderosa Pine Pinus ponderosa forests, and around rocky outcrops in coniferous forests in the Pacific
coastal and western mountain regions (Manning and Jones 1989). In Alberta and Saskatchewan,
limited data suggest that it forages in riparian areas within arid zones (van Zyll  de Jong 1985), although
Barclay (1991) caught 98% of bats in mist nets set over land (albeit in an alpine region). These bats
forage in clutter (in the foliage of trees and bushes) and over woodland ponds using slow manoeuvrable
flight, They glean insects from the surface of vegetation or the ground as well as catch flying insects
(Faure and Barclay 1992). All Myotis evotis  caught by Holroyd et al. (1993) were within areas of
heavy vegetation less than 500 m from water.

Day roosts used by the Western Long-eared Bat occur under loose bark, in hollow trees, sink holes
(Manning and Jones 1989) and rock crevices (van Zyll de Jong 1985). Due to the association with
forested habitats while feeding, the use of trees as roosts cannot be equated with a use of riparian
habitats. Known maternity colonies only occur in buildings (Nagorsen and Brigham 1993), but this
most likely is a sampling artifact as natural sites must occur.

Before further data on roosting and foraging habitat use by these species can be collected, a system
of field identification or a revision of the systematic of the keenii,  septentrionalis, evotis  group is
essential (see also Firman  et al. 1992; Holroyd et al. 1993; Nagorsen and Brigham 1993).

3.4 Little Brown Bat - Myotis Iucifigus and Yuma Bat M. yumanensis

These two species are treated together because they are the most common species encountered
during surveys of the province (e.g., Grindal et al. 1992; Holroyd et al. 1993; Nagorsen  and Brigham
1993) and their behaviour  and morphology overlap to a significant degree. It was even been suggested
that these species hybridize (Herd and Fenton 1983). These two species are those for which we have
the most information and the clearest indication of the importance of riparian habitats.

Both Little Brown and Yuma Bats spend considerable time foraging over calm or slow flowing
water (Herd and Fenton 1983; Aldridge 1986; von Frenckell and Barclay 1987; Mackey and Barclay
1989; Brigham et al. 1992). In a detailed study of foraging activity in the south Okanagan, Little
Brown Bats were flexible in the habitats they used, while Yuma Bats seemed to be almost exclusively
over-water foragers (Herd and Fenton 1983). In addition to riparian  zones, M. lucifigus foraged in the
valley, over nearby hills, in Ponderosa  pine forest clearings, and over rocky bluffs. Data on the diet of
these bats in western Canada support this suggestion that both these bats regularly forage over water
(Barclay 1991; Brigham et al. 1992; Saunders and Barclay 1992). The seasonal shifts in diet by Little
Brown Bats in the Okanagan  further supports the idea of flexibility in the use of hunting areas (Herd
and Fenton 1983; Brigham et aL 1992). Therefore, the available data strongly supports the suggestion
that both of these species, but especially Yuma bats, are dependent to a large degree on riparian
habitats. However, as for all bats, there has been virtually no sampling done in areas away from water
to determine the levels of activity at those sites.
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Female Little Brown Bats appear to be restricted to low altitude sites while males are more
common at higher altitudes (Thomas 1988; Barclay 1991). In both Thomas’ and Barclay’s studies, the
differences with altitude were attributed to the increased energetic requirements of reproductive
activities by females. It suggests that males maybe less dependent on riparian habitats and their high
insect concentrations. Yuma Bats of both sexes appear to be restricted to low elevations.

Both Little Brown and Yuma Bats are frequently found roosting in association with humans and
usually near water (Nagorsen and Brigham 1993). Natural roost sites include rock crevices and hollow
trees (Herd and Fenton 1983; Barclay and Cash 1985). How commonly natural sites are used is
unknown but tree roosts are rare enough to merit published reports (e.g., Barclay and Cash 1985).

3.5 Fringed Bat - Myotis  thysanodes .

This is a Red listed species known from the Okanagan  and Shuswap Lake area (Nagorsen and
Brigham 1993) and recently from near Alkali Lake in the Fraser River Valley  (Holroyd et al. 1993).

Fringed Bats forage primarily at middle elevations (1200-2100 m) in arid grassland and woodland
habitats (0’Farrell  and Studier 1980). In southern parts of their range, they forage in coniferous
forests and oak-pinyon  woodlands while in Oregon, coastal coniferous forests appear to be used.
O’Farrell and Studier (1980) report that all desert and steppe areas used by Fringed Bats were within a
one hour flight of riparian areas. Fenton et al. (1980) found this species in semi-arid open areas and
dry ponderosa  pine forest in the Okanagan between 300-760 m. Collard et al. (1990) caught several
individuals along the valley bottom of the Okanagan, presumably foraging.

Fringed Bats day and night roost colonially during the summer in caves, rock crevices, mines and
buildings (0’Farrell  and Studier 1980). With the exception of a nursery colony found in 1937 in the
attic of a house,. virtually nothing is known about the day roosting behaviour  of this species in British
Columbia. There is no evidence of their using tree hollows in riparian habitats.

3.6 Long-legged bat - Myotis volans

Long-legged Bats are one of the most widespread in British Columbia yet very little is known about
their basic biology anywhere in the range (Nagorsen and Brigham 1993). They inhabit arid areas of
the interior and humid coastal and montane forests from sea level to above 1000 m.

The Long-legged Bat remains active all night and on cool nights as well. It is thought to be an
opportunistic hunter that takes aerial prey over water, grassy areas, and forested habitats. In a detailed
study of its foraging ecology in an arid area of southern Alberta, Saunders and Barclay (1992) found
that this species foraged high in the air above terrestrial habitats and cliffs associated with river valleys.
Its diet is primarily ( >75 %) moths, suggesting that prey from aquatic systems are not particularly

important.

Day roosts have been found in buildings, rock cliffs and crevices, ground fissures, and under the
bark of trees (Saunders and Barclay 1992; Nagorsen and Brigham 1993). This suggests a high degree
of flexibility in roost site selection. Both known maternity colonies in British Columbia were found in
buildings and the only other known summer roost was in a crack in a poplar Populu.s spp. tree. The
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indication is that although Long-1 egged Bats can and do use riparian  habitats, these are not essential for
feeding or roosting.

3.7 Southern Red Bat - Lusiurus blossevilli

Southern Red Bats are classified as a Blue listed species in British Columbia and taxonomically
have only recently been separated from Lasiurus  borealis, the Eastern Red Bat (Baker et al. 1988).
Virtually nothing is known about the biology of this species, especially in British Columbia. They have
been recorded from the Skagit and Okanagan  valleys but never captured (Nagorsen and Brigham 1993).

The following biological information is derived from work on Eastern Red Bats, but it must be
emphasized that the similarity in foraging and roosting behaviour  between the two species is unknown.
L. borealis are typically associated with forested habitats along rivers (Shump and Shump 1982a;
Nagorsen and Brigham 1993), although this may not hold true in all parts of the range. Red Bats are
known to forage opportunistically around street lights, taking advantage of concentrated patches of
insects (Hickey and Fenton 1990) and appear to return predictably to the same foraging sites. Under
natural conditions, Southern Red Bats likely forage very high at or above the tree canopy, which will
make capturing these bats difficult.

The Southern Red Bat is presumably a solitary foliage roosting species that uses large shrubs and
both coniferous and deciduous trees in edge habitats bordering forests, rivers, cultivated fields and
urban areas (Constantine 1966; Shump and Shump 1982a; Barclay 1984; Hickey and Fenton 1990).
Fenton et al. (1980) speculated that cottonwood trees in riparian habitats maybe commonly used in
British Columbia, but acknowledged that no definitive statements could be made due to the lack of
data.

3.8 Hoary Bat - Lusiurus  cinereus

Hoary Bats are undoubtedly the strongest fliers of all bats found in British Columbia and commonly
fly great distances to feed (Barclay 1989). Holroyd et al. (1993) heard Hoary Bats on bat detectors at
four sites which were all classified as Interior Douglas Fir biogeoclimatic zone. All four sites were
riparian and bordered areas with mature cottonwood, Douglas-fir Pseudotsuga  menziesii or Western
Redcedar. Feeding can occur over water, but these bats do not appear to be dependent on riparian
habitats for feeding areas.

Hoary Bats are well known for being dependent on trees for roost sites (Shump and Shump 1982b;
Barclay et al. 1988). Tree roosts tend to be high, wide open from below, and along edge habitats
(Shump and Shump 1982b), and they maybe in deciduous or coniferous trees (Barclay 1989; M.B.C.
Hickey pers. comm.).  In some instances roost trees occur in riparian habitats but this probably
depends on the availability of trees. Adult females roost singly with their (l-2) offspring (Barclay
1989). Males may use entirely different habitats and thus maybe spatially segregated from breeding
females and young during the breeding season.
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3.9 Silver-haired Bat - L.usionycteris  noctivagans

Like Hoary Bats, Silver-haired Bats are well known for being dependent on trees for roost sites
(Barclay 1984). Adult females roost singly or with family groups although there are reports of small
colonies under the sloughing bark of trees (Kunz 1982, Barclay et al. 1988). Roost height can be as
low as 1 m. In some instances tree roosts occur in riparian habitats, but this probably depends on the
availability of trees. Like Hoary Bats, male Silver-haired Bats may use entirely different foraging
habitats from females.

3.10 Big Brown Bat - Eptesicus fuscus

Big Brown Bats are widespread and common in British Columbia (Holroyd  et al. 1993; Nagorsen
and Brigham 1993) and occur in a wide variety of habitats. In the south Okanagan, Big Brown Bats
forage almost exclusively over water (Brigham 1990, Aldridge and Brigham 1991). However, this
species is also known for its’ flexible roosting and foraging behaviour  (Brigham 1991). In contrast to
the Okanagan population where bats regularly move between natural tree cavity roosts but always
forage at the same site, bats in Ontario are exceptionally loyal to roosts in man-made structures but are
not at all predictable in where they forage each night. Therefore, to conclude from studies just at the
Okanagan site that it is absolutely dependent on riparian habitats in British Columbia would be
premature.

This species has been extensively studied in the south Okanagan where maternity colonies occur in
Ponderosa Pine snags and rock crevices (Brigham 1991; Brigham and Fenton 1991). Some of these
sites occur close to water but there is no evidence that individuals preferentially roost in these sites to
minimize the distance from water (Brigham 1991). This species is also commonly associated with
man-made structures. As these structures tend to be concentrated in or near riparian habitats, the bats
often appear to be associated with such habitats (Brigham and Fenton 1985; Brigham and Fenton 1986).

3.11 Spotted Bat - Eudenna maculatum

Spotted Bats are Red listed in British Columbia, but recent surveys suggest that it is more
widespread in its distribution than previously thought (Holroyd  et al. 1993). This species was only first
“discovered” in the province in 1979 (Woodsworth et al. 1981) and is one of the easier to survey for
due to its audible (to most humans) echolocation  calls (Leonard and Fenton 1983).

More than any other species in British Columbia, the Spotted Bat is catholic in its choice of
foraging habitat. In the southern Okanagan it has been recorded feeding over open areas dominated by
sagebrush Artemisia spp., over grasslands in low areas, and over open Ponderosa Pine forest
(Woodsworth et al 1981; Leonard and Fenton 1983; Wai-Ping  and Fenton 1989; Navo et al 1992).
Like Eptesicus, the Spotted Bat appears to be flexible in the habitats it can exploit for foraging. For
example, Wai-Ping and Fenton (1989) radio-tracked foraging individuals to marshy areas. Navo et al.
(1992) noted that riparian areas were among a diverse range of foraging habitats. Holroyd et al.
(1993) found that although foraging usually occurred near some form of water, it was normally over
dry areas adjacent to riparian habitats.

—
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All documented Spotted Bat summer roosts in British Columbia (Wai-Ping and Fenton 1989;
Nagorsen and Brigham 1993) and elsewhere (Watkins 1977; Navo et af. 1992) are in high, steep cliff
faces.

In the broad sense, therefore, although riparian habitats can be important foraging areas for Spotted
Bats in some areas, these bats do not appear to depend on riparian or for that matter any one type of
habitat for foraging. Cliff roosting sites appear more likely to be a limiting factor.

3.12 Townsend’s Big-eared Bat - Plecotus townsendii

Townsend’s Big-eared Bat is classified as a Red listed species in British Columbia. Throughout its
range, foraging by Townsend’s Bat is generally associated with mesic habitats, characterized by
coniferous and deciduous forests (Kunz and Martin 1982). Holroyd  et al. (1993) caught this species in
areas of the interior of British Columbia classified as Bunchgrass  and Interior Douglas-fir
biogeoclimatic  zones. Within these zones, the majority of bats were caught in small areas of wet
habitat associated with streams, lakes and small marshes dominated by willow Salix spp., poplar, and
birch Betula  spp.

During the summer, this species is typically found roosting in caves, mines or buildings. There is
no evidence for tree cavity roosting although maternity colonies have been found in buildings,
suggesting that under more natural situations, tree cavities may be used (Kunz and Martin 1982).

3.13 Pallid Bat - Antrozous  pallidus

The Pallid Bat is classified as a Red listed species in British Columbia and only in the last three
years have any number of this species been found in the province (Grindal  et al 1991; Chapman and
McGuinness 1991). These bats are known only from the Osoyoos  arid biotic zone at the south end of
the Okanagan Valley (Chapman and McGuinness  1991). Pallid Bats are common throughout the
deserts and arid grasslands of the southwestern United States (Bell 1982; HermanSon and O’Shea
1983).

In British Columbia, seven radio tagged individuals foraged over exposed sandy soil with sparse
vegetation (primarily sagebrush Artemesia  spp., Purshia  Purshia  tndentata  spp., rabbit-brush
Chrysothamnus  spp., wheatgrass Agropyron  spp., and prickly-pear cactus Opuntia  spp.). Most of these
areas bordered on Ponderosa Pine forest, the trees of which were used by the bats as night roosts while
consuming prey. Occasionally individuals are caught near lakes or ponds (0’ Farrell and Bradley 1970;
Collard et al. 1990), but tracking suggests that bats travel to water to drink and do not commonly
forage in riparian  habitats (Chapman and McGuinness  1991). Holroyd et al. (1993) recommend that
any future work with Pallid Bats in British Columbia must focus on them alone since “it is unrealistic to
catch this species foraging with other aerial insectivores as their foraging areas are so distinct”. Of the
16 species of bats in British Columbia, Pallid Bats appear to be the least dependent on riparian foraging
habitats.

The day roosts of Pallid Bats are primarily in rock crevices (Orr 1954; Vaughan and O’Shea 1976;
Chapman and McGuinness  1991; Lewis 1993), although there are records of individuals using hollows
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in trees. Night roosts include rock crevices, mines, buildings, bridges, and trees, none necessarily
associated with riparian habitats.

4. Conclusions and Recommendations

Bat foraging habitats appear to be so diverse that discussing them in general terms is difficult.
Further, the foraging flexibility exhibited by some species, which I expect to be the rule for most
species, suggests that identifying specific sites will continue to prove to be difficult (e.g., Brigham
1991; Brigham 1993). For example, in a recent extensive survey of the British Columbia interior
(Holroyd et al. 1993), the indication was that many species of bats rely on riparian  habitats. However,
in all cases netting and trapping was conducted close (c 500 m) to water making conclusions about
reliance on riparian  habitats difficult. Finally, Holroyd et al. make it clear that the large survey area
meant little time was spent in each location, and thus interpreting the nature of critical habitat use is
difficult. Obviously a number of further surveys covering smaller areas as well as non-riparian  habitats
are needed to assess habitat use from both a roosting and foraging perspective.

Current methods of censusing bat populations also make it difficult to infer species abundance and
habitat use because to increase capture success, nets are typically set in areas of high bat activity.
Therefore, it is essential to collect comparative data (netting or detectors) from sites that are not
riparian to allow us to systematically evaluate the importance of water.

Captures of bats at sites in riparian habitats may only reflect bats coming to drink as opposed to
using the area for roosting and feeding activities. This may be especially likely in the arid interior of
British Columbia, where bats are presumably more water stressed than in other locations. In captivity,
it appears that some bats can persist for long periods of time without access to drinking water but for
many species it is unknown if water requirements can be met by eating alone (Happhold  and Happhold
1988, Findley  1993). Geluso (1978) demonstrated a relationship between urine concentrating ability
and kidney structure and proposed that this was correlated with the habitat in which the bat species
occurred. However, Happhold and Happhold (1988) showed that efficient kidneys are not essential for
the occupancy of arid habitats. In situations where surface water occurs in limited amounts, large
numbers of bats may appear simultaneously at dusk. This has been observed on numerous occasions,
especially in the southwestern United States (Findley  1993). Thus from a habitat perspective we have
to separate between bats coming to water simply to drink and those dependent on riparian areas for
foraging and or roosting.

From a foraging perspective, insect abundance needs to be measured in both riparian and
non-riparian sites to precisely determine if there is always a selective advantage for bats to feed near
water. Caution must be exercised here however, to make sure that insect abundance measures are
translated into those insects actually available for consumption. Detection constraints due to
echolocation  and for reasons of optimal foraging must be taken into account (Barclay 1985; Barclay
1986; Barclay and Brigham 1991).

Virtually nothing is known about the natural roost sites of most species. It is sometimes assumed
that tree roosting species, especially those that use cavities in trees, will be found preferentially in
riparian areas. This connection is not been conclusively demonstrated, especially in British Columbia,

—
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which is largely (or once was) forested. We need to determine roost structure preferences (e.g., tree
species, cavity type etc.) and then determine the distribution and abundance of potential sites.

Bats have been documented to use every conceivable type of shelter including: trees (hollows,
under bark, in foliage), rock crevices, animal burrows, abandoned mines, and buildings (Kunz 1982).
Bats are most often found roosting in hollows (trees, buildings; Schowalter  and Gunson 1979; Barclay
and Cash 1985) or the foliage of trees (Barclay 1984). Summer roosts are essential to provide shelter
from predators and inclement weather but, most importantly, to provide the appropriate environmental
conditions for raising young. Hollows tend to be exploited by female Myotis and Eptesicus,  species
that congregate in large maternity colonies to bear and raise young. Roost temperatures tend to be
extremely high (often > 35°C in the daytime), a characteristic that promotes the rapid growth of baby
bats. For most species, we have little knowledge of the summer roosting activities of male bats, but
they likely roost solitarily or in small groups. Foliage roosting species such as Hoary and Red Bats are
solitary, roosting singly or in small family groups comprised of a female and her young (van Zyll  de
Jong 1985; Nagorsen and Brigham 1993).

Unless disturbed, there appears to be strong loyalty to roosting sites (both summer and winter) with
individuals exploiting the same sites for many years (Brigham and Fenton 1986). This should further
increase our incentive to protect tree hollows and cavities known to be used by bats.

From a bat conservation standpoint, roost sites are vulnerable in that director indirect action by
people can represent a major threat. If closeness to water is important, these sites maybe limiting and
could be especially vulnerable to human disturbance. Thus, independent of habitat use and protection,
education is required to improve the protection of and increase the probabilitv of the long term survival. .
of bats (Tuttle i988).  The-use of buildings as roosts, especially by Little Brown and Big-Brown Bats,
often brings bats into direct conflict with people. Large numbers living in the attic of a house can be a
nuisance that many people will not tolerate, even though most colonies are small, and particularly in
well insulated buildings, may remain undetected for years.

Eptesicus fuscus is worth focusing on since detailed information about their biology at one location
in British Columbia exists that may help us to understand how bats, in general, use habitats. Eptesicus
is also useful as it clearly illustrates the pitfalls of making assumptions and management strategies based
on limited information. In the south Okanagan,  Big Brown Bats rely extensively on cavities in dead
Ponderosa Pines for maternity roost sites. Since these are found at low elevations in the arid interior,
the assumption would be that the bats are roosting in trees in riparian zones. However, tracking data
clearly show that the bats do not roost to minimize the distance from water sources (Brigham 1991;
Aldridge and Brigham 1991; Brigham and Fenton 1991;) as they commute to these areas over
considerable distance (up to 6 km). The radio-transmitters do tell us, however, that foraging habitat in
the Okanagan is almost exclusively riparian and bats do more in these areas than just drink. Although
this species (as I expect will be the case for many bats) is extremely flexible in its foraging and roosting
behaviour (Brigham 1991), we can unequivocally say that riparian habitats are critical for foraging in
the south Okanagan. Thus, at other sites in British Columbia, riparian foraging areas may not be that
important, but roosting sites might conceivably be more restricted to riparian areas.

In future, two strategies need to be employed  if we are going to learn more about the critical
habitats that bats require. First, as suggested by Hol royd et al. (1993), surveys need to take place in
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relatively small areas so that a significant amount of time can be spent at each site. I recommend that
the dry interior, other than the south Okanagan,  could be divided into 5 zones (central Okanagan, north
Okanagan, William’s Lake, Kamloops/Nicola  Valley, Thompson/Shuswap) with a field team profitably
surveying each area for a summer. Once preliminary surveys are conducted, more effort must be made
to evaluate habitat use with active (radio-telemetry, light-tagging) as opposed to passive (mist netting,
bat detectors) data collection methods. Unfortunately, in the foreseeable future, technology and load
restriction (Aldridge  and Brigham 1988; Barclay and Bell 1988) will restrict telemetry to those species
>12-14 g which excludes all of the Myotis spp. Light-tagging, although useful (Bell and Barclay
1988) is limbed in its scope, but it does provide tine grained details of habitat use (Aldridge  and
Rautenbach  1987; Brigham et af. 1992; Saunders and Barclay 1992). Light-tagging is not likely to be
that useful in forested habitats and is also very labour  intensive.

Finally, it is very important that future surveys which do involve netting, trapping, or bat detectors,
evaluate activity in riparian and non-riparian  sites simultaneously. The clear impression is that riparian
areas are important to bats, but before this is accepted dogmatically and management decisions are
made using this paradigm, we need to collect solid evidence in support of it.
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Patterns of small mammal communities in riparian habitats of
wet coniferous forests

Carlos  Galindo-Leal,  J. Bruce Runciman,  and Gustavo A. Zuleta

1. Abstract

We analyzed eight studies of small mammal communities in riparian  habitats of wet coniferous
forests in western North America, from northern California to British Columbia. In this paper, we
compare small mammal community structure and composition between streamside  and upland forest
habitats. We also review study questions and methods, and recommend future directions for riparian
research.

Very few studies have examined patterns of small mammal communities in riparian habitats of wet
coniferous forests. Most existing studies indicate that a significantly higher number of small mammal
species occur in streamside forests than in associated upland forests. Rlparian systems also appear to
support a greater number of rare and unique species than adjacent upland habitats. The abundance of
several species declines at 50 to 100 m away from streams. The diversity and abundance of species
may increase or decrease with forest management since different species are affected according to their
particular requirements. However, a large variety of experimental designs have been applied in
existing riparian research, making comparisons between studies difficult  and potentially misleading.
This paper recommends that future studies of small mammals in riparian  habitats investigate the
landscape functions of local riparian systems. Intensive live-trapping for more than a single year on
replicated streamside,  upland, and trans-riparian  transects of greater than 400 m in length will provide
a dynamic and accurate view of the relative importance of riparian systems and adjacent upland
habitats. This standard methodology can be applied to study both pristine and managed riparian  areas
and will provide transferable information of immediate importance to landscape and forest mamgers.

2. Introduction

Riparian ecosystems are widely recognized as being important, or even essential, to many wildlife
populations (Thomas et al. 1979; Oakley et al. 1985; Cross 1988; Rautio  and Bunnell 1994). The
close proximity of unbound surface water to food and cover within an often highly productive and
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complex vegetative structure suggests that riparian systems may support an abundant and diverse
community of vertebrate species (Thomas et al. 1979; Oakley et al. 1985). However, very few studies
have quantitatively assessed the riparian-wildlife  habitat relationship in wet coniferous forests (Rautio
and Bunnell 1994). Even fewer studies have examined patterns of small mammal communities in these
habitats. To our knowledge, no published research has specifically investigated the ecology of small
mammal communities in riparian habitats of British Columbia. .

The small mammals of wet coniferous forests are an ecologically diverse group of species. The
term small mammals has been limited by convention to those species that can be captured in a small
pitfall, snap, or box trap (Cross 1988). However, this classification includes more than 10 species of
insectivores and more than 40 rodent species (Hall 1981; Nagorsen 1990). Small mammals are present
in virtually all terrestrial habitats of western North America and show great variation in both form and
habit (Hall 1981). Some examples of this diversity are the semi-aquatic and insectivorous Pacific
Water Shrews Sorex bendiri  (Whitaker and Maser 1976), California Red-backed Voles Clethrionomys
californicus which feed primarily on mycorhizal  fungi (Maser et al. 1978), and the predominantly
seed-eating Yellow-pine Chipmunk Tamias amoenus  (Hall 1981). Of further importance is the role of
small mammals as a primary prey item in the diets of many small carnivores and raptors (Cross 1988).

We analyzed information collected in eight studies of small mammal communities in riparian
habitats of western North America. The location of these studies ranges from northern California to
British Columbia. The objectives are twofold. First, small mammal community structure and
composition between streamside and upland habitats in wet coniferous forests are compared. Second,
study questions and methods are reviewed and future directions for riparian research are suggested.

3. Study Areas

Despite an extensive literature search, only nine studies examining patterns of small mammal
communities in riparian habitats of wet coniferous forests were found. Seven studies were conducted
in Oregon, one in California, and one in British Columbia. Of these, only six have been published, all
within the last 10 years, and three remain unpublished as graduate theses or governmental reports. We
obtained all but one of these studies (Hirschberger 1978) for our analysis.

Simons (1985) studied two riparian sites, an old growth stand and an adjacent 15-year-old clear-cut,
in northern California. In southwestern Oregon, Cross (1985) studied four sites in the mixed-conifer
vegetation zone. In every site a different experimental design was employed. Anthony et al. (1987)
investigated twelve riparian sites in the Douglas-fir Pseudotsuga  menziesii/Westem Hemlock Tsuga
heterophylla zone on the western slopes of the Oregon Cascade Range. These sites represented each of
the young (25-50 years old), mature (130-200 years old), and old growth (400-450 years old) forest
seral stages. Doyle (1990) also studied riparian Douglas-fir/Western Hemlock forests in the Cascade
Range of Oregon. Two sites were in old growth forest ( -250 years old) and two more were located in
mature forest (- 100 years old). McComb et al. (1993a) studied six mature riparian forest stands
larger than 80 ha in the central Oregon Coast Range. McComb et al. (1993b) studied three managed
and unmanaged 40- to 50- year old Red Alder Alnus  rubra stands adjacent to streams in the central
Coast Range of Oregon. In the same area, Gomez (1992) examined fifteen riparian areas in five
different aged forest types.

—
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Zuleta  and Galindo-Leal  (1993) conducted an extensive survey of the distribution and abundance of
four small mammal species at risk within the Coastal Western Hemlock biogeoclimatic  zone of
southwestern British Columbia (Meidinger and Pojar 1991). Twelve of their study sites were located in
forested riparian  areas within the lower Fraser River basin, where rapid urban growth, intensive
agriculture, and associated land uses have produced a heterogeneous landscape in which many riparian
forests are now fragmented and isolated.

4. Methods

To date, most studies of. small  mammal communities in riparian  habitats have dealt with three
central questions. However, the sampling methods applied in these studies have been so diverse that no
two have shared the same experimental design. The central questions and sampling methods used to
investigate them are as follows.

4.1 Are there differences in small mammal community structure between streamside  and upslope  areas?

Two methods have been used to assess differences in small mammal community structure between
streamside and upslope  areas. The most common method has been the placement of traps on transects
parallel to a stream in the riparian and upland habitats (Fig. lb and lc) (Anthony et al. 1987; Gomez
1992; McComb  et al. 1993a; Zuleta and Galindo-Leal 1993). However, the distance between these
transects has varied widely between studies ranging from 15 to 400 m and in one study a third transect
was located in the intermediate transition zone (Cross 1985).

The second technique used to compare riparian  and upland small mammal communities has been
the use of trapping grids. These grids have either begun at the stream edge and extended into upslope
habitats (McComb  et al. 1993b) or have been placed separately in riparian and upland forests (Fig. ld
and le) (Doyle 1990).

The specifics of experimental design and sampling effort have varied greatly among studies of
riparian small mammal communities. Detailed descriptions for the individual studies are provided in
Table 1.

4.2 How far from the streamside  do differences in small mammal community composition occur?

In examining this question, two studies have used parallel transects in riparian  and upland habitats
with additional trans-riparian  transects connecting them at each end (Fig. lc) (Gomez 1992; McComb
et al. 1993a) . This technique provides information on gradual changes in relative abundance of small
mammal species from the stream edge into the upland forest. Grids have been used in a similar manner
to trans-riparian  transects by basing them along the stream edge and extending them into the forested
upland (Fig. le) (McComb et al. 1993b).
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Figure 1
Schematic representation of sampling designs used to study riparian small mammal communities in wet
coniferous forests
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Table 1
Comparison of sampling designs used indifferent studies of small mammal communities in riparian
habitats of wet coniferous forests. Distances in metres. Trap types are pitfall traps (PT), live-traps
(LT), and snap-traps (ST)

Study reference’

A B c D E F G H

Total no. sites 2 4 12 4 15 6 3 12

No. replicates o 0 2-5 4 3 6 3 12

No. transects (t) or It 2-5t 2t 2g 2t 2t 3g 2t
grids (g) per site

Transect length (m) 225 190-285 360 no trans. 350 700 no rans. 210

Distance between riparian no upland not stated 15-25 not stated 200 400 no upland 50
and upland transects or trans. grid
grids (m)

Trans-riparian no no no no yes (200) yes (400) no no
transect (m)

Distance between 9 10-15 15 10 25-50 1O-100 15 15
traps (m)

Total number of traps 26 120-240 75 56-70 60 30-190 648 30
per site

Trsp typesLT PT,ST,LT ST LT PT PT,ST LT,FT PT

a Studies referred to (and duration): A = Simons  1985 (2 days times 4 samples in 3 months), B = Cross 1985 (10 days [15 at
1 site]; 1 sample only), C = Anthony et al. 1987 (4 days times 4 samples in 3 months), D = Doyle 1990(6 months in each
of 3 years), E = Gomez 1992 (28 days in each of 2 seasons of 1 year), F = McComb  et al. 1993a (30 days in each of
2 seasons of 1 year), G = McComb et al. 1993b (2 months in each site over 2 years), H = Zuleta  and Galindo-Leal 1993
(3 months only)

4.3 Are riparian communities affected by forest management?

Four of the eight studies we reviewed examined the effects of forest management practices on
riparian small mammal communities. Comparisons were made between communities in different
age-classes of forest (Anthony et al. 1987; Gomez 1992), uncut forest stands and clear-cuts (Cross
1985; Simons 1985), and uncut forest versus harvested areas with riparian leave-strips (Cross 1985).
In all four studies, sampling was based on transect lines which were placed either in streamside habitat
only (Simons 1985), in both streamside and upland areas (Cross 1985; Anthony et al. 1987; Gomez
1992), or in each of the riparian,  transition, and upland  zones (Cross 1985) (Fig. la and lb).
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5. Results

5.1 Are there differences in small mammal community structure between streamside and upslope areas?

Several of the studies indicated that a significantly higher number of small mammal species
occurred in streamside forest than in associated upland forests. In addition, many rare species were
captured in riparian habitats only. However, individual species associations with habitats varied
greatly between studies (Table 2).

In old growth Douglas-fir forests in southwestern Oregon, both small mammal abundance and
species richness was significantly greater in streamside zones than in upland or transition habitats
(Cross 1985). In addition, five of eight small mammal species captured on riparian transects were
absent in one or both of the transition and upland zones. In the Cascade Mountains of Oregon, small
mammal species richness, but not total abundance, was higher in streamside habitats of young, mature,
and old growth forests than in riparian fringe habitat located 15-25 metres upslope (Anthony et al.
1987). In the same area, Doyle (1990) reported higher total abundance of small mammals in
streamside  zones than in adjacent old-growth and mature upland forests. Small mammal species
richness was also greater in strearnside versus upland habitats for two of three years of study (Doyle
1990).

In the central Oregon Coast Range, McComb  et al. (1993a) found similar total abundance and
species richness of small mammals in riparian and upland mature Douglas-fir forests. However,
individual species were strongly associated with either riparian  or upland habitats. Long-tailed Voles
Microtus longicaudus, Pacific Jumping Mice Zupus trinotatus,  and Pacific Water Shrews were most
abundant in riparian habitats while Trowbridge’s Shrews Sorex  trowbridgii,  Townsend’s Chipmunks
Tamias townsendii,  Western Red-backed Voles Clethrionomys occidentals, and Creeping Voles
Microtus oregoni were more common in upland forests. Interestingly, McComb et al. (1993b) also
found no significant differences in the capture rates of common small mammal species between
riparian  and upland habitats in 40- to 50- year old Red Alder stands. However, the power of their tests
to detect a statistically significant difference was low due to small sample sizes.

Gomez (1992) studied five forest types in the Oregon Coast Ranges. He found no difference in
richness between riparian  and upslope areas. However, Pacific Water Shrews, Pacific Shrews Sorex
pacificus Long-tailed Voles, White-footed Voles Phenacomys  albipes,  and Pacific Jumping Mice were
significantly more abundant in the riparian transect than in the upland transect. Only the California
Red-backed Vole was more abundant in the upland transect.
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Table 2
Species recorded in riparian studies and their  associations as indicated by relative abundance

Species Habitat Association

OR MR B Mu Ou
Insectivores
Sorex bendirii 2 1
S. cinereus 1
S. monticolus 1 1
S. pacificus 3 1
S. palustris
S. trowbridgii 1 3 2
S. vagrans 1 1
Neurotnchus gibbsii 4 1

1

Scapanus townsendii 2
S. orarius 1 1 1 1
Rodentia
Aplodontia  rufa
Tamias townsendii
T. Spll.

Tamiasciums dougkmii
Glaucomys  sabrinus
Thomomys  mamma
Peromyscus  maniculatus
Neotoma  cinerea
N. fiscipes
Clethrionomys  califomicus
C. gapperi
C. occidentals
Microtus  Iongicaudus
M. oregoni
M. townsendii
Phenacomys  albipes
P. longicaudus

1 1 1
1 2

1
1
1 1

1
4
1

1
2
1

2

5
1 2

3
2

2 1

2

1

2

Z .  tri;tatus 2 3
Mustelids
Mustela ermines 1 1
Spilogale putorius 1
Procyonids
Procyon  lotor 1
Exotics
Didelphis  virginiana 1
Mus c u l u s  1

Rattus rattus 1
sylvilaguflondanus 1

19 26 26 14 1

Totals for each habitat

ml

‘OR = Only riparian; MR = Mostly riparian; B = Borh Rlparian and Upslope;  MU = Mostly upslope;  OU = Only upslope Totals for
each habitat association are provided for comparison.
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In British Columbia, Zuleta and Galindo-Leal  (unpubl.  data) found a greater richness of small
mammal species in riparian habitats with a total of 13 species recorded versus 8 in upland forests.
However, total small mammal abundance tended to be higher, but not significantly different, in upland
habitats. Among more common species (> 2 captures per 1000 trap nights), only the Vagrant Shrew
Sorex vagrans was more abundant in riparian  versus upland habitats (Fig. 2). Deer Mice Peromyscus
maniculatus,  Common Shrews Sorex cinereus,  and Trowbridge’s Shrews were most abundant in upland
areas while the Dusky Shrew Sorex monticolus had similar abundance in riparian and upland forests.
Among rare species (< 2 captures per 1000 trap nights), only the Southern Red-backed Vole
Clethrionomys gapperi was similarly abundant in riparian  and upland habitats. Two species,
Shrew-moles Neurotrichus gibbsii  and Creeping Voles were more abundant in riparian areas while five
species including Water Shrews Sorex palustris, Coast Moles Scapanus  orarius,  Long-tailed Voles,
Townsend’s Voles Microtus townsendii,  and Pacific Jumping Mice, were captured only in riparian
habitats.

The results of these studies also suggest that the presence of particular small mammal species in
riparian or upland forest habitats may be correlated with the distinct structural characteristics of these
habitats. In both the Oregon Cascades and Coast Range, Western and California Red-backed Voles
were strongly associated with upland habitats dominated by conifers with fewer deciduous trees and
having less forb cover (Doyle 1990; McComb et al. 1993a). In contrast, Pacific Jumping Mice were
captured most frequently in early successional streamside habitats with less coverage by low shrubs
(Doyle 1990; McComb et al. 1993a). These associations between individual small mammal species
and habitat structure underline the importance of the broad structural differences recorded in these
studies and suggest future lines of research.

5.2 How far from the streamside do differences in small mammal community composition occur?

McComb et al. (1993a) found that capture rates of Pacific Water Shrews, Shrew-moles, Deer
Mice, and Pacific Jumping Mice decreased with distance from the stream along a trans-riparian
gradient. Deer Mice and Pacific Jumping Mice were particularly affected as capture rates dropped
markedly between 50 and 100 metres from the creek. In contrast, capture rates of Western Red-backed
Voles were found to increase sharply at distances greater than 200 metres from the stream edge. As
described above, changes in rate of capture for Western Red-backed Voles and Pacific Jumping Mice
were strongly associated with changes in vegetation between riparian and upslope habitats. Gomez
(1992) also found a significant decline of captures of Pacific Water Shrews, Pacific Shrews and Pacific
Jumping Mice at 50 to 100 m away from the streams.

5.3 Are riparian communities affected by forest management?

Simons (1985) found no difference in small mammal diversity or equitability between clear-cut and
old growth habitats in northern California. Six species were common to both habitats while the
California Red-backed Vole was found only in the old growth site. These similarities between sites
were attributed to similar total understory cover and the possible exchange of animals between areas.

In the first of two experiments, Cross (1985) found that small mammal species richness and total
abundance were greater in riparian versus upland habitits  in both uncut and clear-cut mixed-conifer
forests. However, species richness in the uncut forest was always equal to or greater than that in the

—.
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clear-cut forest irrespective of transect location. In contrast, total abundance of small mammals was
greatest in the clear-cut habitat. Habitat associations of individual species varied considerably.

Figure 2
Relative abundance of rare (<2 per 1000 trap nights) and common ( >2 captures per 1000 trap nights)
small mammal species in streamside (riparian) and upland forest (upland) habitats of southwestern
British Columbia

Rare species

Pacfic Jumping mouse
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Water shrew
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Whereas several forest-associated species, including California Red-backed Voles and Northern
Flying Squirrels Glaucomys sabrinus, were not present in the clear-cut, others such as the Pacific
Jumping Mice and Pacific Shrews persisted in the riparian zone of the clear-cut habitat.

In a second experiment, Cross (1985) found a high degree of similarity in the small mammal
communities of uncut and partially cut (riparian  leave strip) forests. Neither species richness nor total
abundance of small mammals differed significantly between habitats. Moreover, cut-over forest
habitats with riparian  leave-strips were found to support several species thought to be riparian  or forest
obligates. These species included Pacific Shrews, Shrew-moles, and California Red-backed Voles.

In the Oregon Cascades, Anthony et al, (1987) found that no species were wholly dependent on the
riparian habitat of old growth Douglas-fir/Western Hemlock forests. However, four species, including
Creeping Voles, White-footed Voles, Water Shrews, and Shrew-moles, were captured only in riparian
habitats of mature and old growth forests. Species richness did not differ significantly with forest age
but total abundance of small mammals was significantly greater in old growth versus young and mature
forests due to high numbers of Deer Mice in the oldest age class. The chronosequence that Gomez
(1992) studied provides some suggestions as to how riparian communities of small mammals may
change with forest management. Townsend’s Moles Scapanus townsendii, Vagrant Shrews, Creeping
Voles, Deer Mice and Pacific Jumping Mice were most abundant in shrub-conifer forests (5 to 10 years
old), Trowbridge’s  Shrews were most numerous in the open sapling-pole conifer forests (20 to 35
years old). The California Red-backed Vole was most abundant in large saw timber and old growth
conifer forests. Red Tree Voles Phenacomys  longicaudus were most abundant in old growth forest,
while Shrew-moles, Trowbridge’s Shrews and Deer Mice were also highly abundant in deciduous
forest. These results suggest that the response to forest management is species-specific. However, the
patterns of relative abundance documented in this study do not provide an indication of the population
dynamics of different species in different seral stages.

6. Discussion

The majority of the studies reviewed in this paper revealed that riparian habitats of wet coniferous
forests contain a higher number of species and a higher abundance of small mammals than upland
areas. A number of species are restricted to riparian  habitat. The distinctive habitat structures of
riparian  and upland sites seem to account for the difference in distribution and abundance of these
species. These results underline the importance of riparian  habitat and the need to understand the
effects of forest management on maintenance of riparian  habitat. However, in spite of the great
importance conceded to riparian  forests (Cross 1988; McComb and Hagar 1993), very few studies have
documented patterns of small mammal communities in these habitats. Furthermore, many of the
studies that have been carried out offer only meagre guidance to managers because of limitations in
their experimental design. We will discuss some of these limitations now and recommend some
measures to help future researchers avoid them.

Differences in small mammal community structure observed in several studies are difficult to
interpret because of small sample sizes and a lack of sufficient replication (Cross 1985; Simons 1985).
This lack of replication allows only incidental information to be collected on the subject under study
and can result in the acceptance of an exceptional occurrence as the norm. Although it is often difficult
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to obtain or sample a large number of replicate study sites, at least three sampling areas would provide
an idea of natural variability and some degree of statistical confidence.

Trapping methods are of great importance when studying small mammal community processes.
The majority of studies we reviewed have used removal methods with either pitfall traps or Museum
Special snap-traps. Very few studies have used live-traps (Cross 1985; Simons 1985; Doyle 1990;
McComb et al. 1993b), and in at least two of those where live-traps were used, trap deaths were high
and many individuals were permanently removed at first capture (Simons 1985; McComb  et al.
1993b).  Only one study has marked and released individuals (Doyle 1990). Removal methods may
provide information on community composition, relative abundance, and population trends
(Galindo-bal  1990). However, they preclude obtaining reliable information on reproduction, survival,
demographic structure, and movements which are necessary to understand differences in community
patterns. Furthermore, removal of individuals may strongly influence community patterns. We
suggest that studies using live-trapping would provide a greater understanding of population processes
and other important questions related to small mammal communities in riparian  habitats.

Basic sampling design is also important for comparing results among different studies and to ensure
that the intended population is really being sampled. For example, most studies, to date, have used two
parallel transects to assess differences in riparian  and upland small mammal communities. The distance
between these transects has varied widely between studies from less than 20 m to 400 m and no two
studies have used the same distance. Most studies have applied some subjective judgment to place the
upslope  transect and in some cases this distance has been small (Anthony et al. 1987). In other cases,
researchers did not report the distance between riparian and upland sampling units (Cross 1985; Doyle
1990). These differences make comparisons between studies difficult.

Another example of potentially flawed sampling design is provided by transect length. Among
studies using transects, transect length has ranged from 190 to 700 m. However, four of five studies
have used transects shorter than 400 m (Cross 1985; Simons 1985). These transect lengths seem very
short if we consider than many riparian small  mammal species may have elongated home ranges
parallel to the watercourse. For example, a single animal with a one hectare home range that is 25 m
wide would range at least 400 m parallel to the stream. As a result, the very low abundance recorded
for some riparian species might be a consequence of using small transects relative to home range size.
If riparian habitats are long and narrow, then the use of several transects of live traps parallel to the
stream might better answer questions about the importance of riparian  systems to individual small
mammal species or their role as movement corridors.

Finally, the duration of most of the studies reviewed was very short. Studies ranged from ten days
(Cross 1985) to three years (Doyle 1990) in length. However, most studies have lasted only three to
four months and only two studies have lasted more than one year (Doyle 1990; Gomez 1992). In order
to effectively manage riparian habitats for small mammal species, it is very important to document
seasonal and year to year variability in community patterns. Populations of small mammals are highly
variable in time and sensitive to conditions that may change from one year to the next (Galindo  and
Krebs 1985).

The potential for riparian areas to support a diverse and abundant wildlife community, including
often rare small mammal species, suggests that they may  play an important role at a landscape level.
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For example, several authors have proposed that riparian habitats may function as migration corridors
for wildlife (Thomas et al. 1979; Harris 1984; oakley et al. 1985). Also, information from Oregon
indicates that riparian areas may function as source habitats for small mammals dispersing into less
productive upland areas (Doyle 1990). To our knowledge, none of these important landscape function
issues has been quantitatively studied for small  mammal communities in riparian habitats of wet
coniferous forests in British Columbia.

Current riparian management initiatives in British Columbia are directed largely at protecting
anadromous fish spawning habitat and may provide insufficient protection for terrestrial wildlife
species. Ongoing activities such as grazing, logging, road-building, recreation, urbanization, and
industrialization are all likely to result in some alteration of riparian habitats. If the impacts of these
activities on small mammal communities are to be considered in habitat management plans, then a more
thorough understanding of riparian wildlife ecology in British Columbia is critical. We recommend
that future studies of small mammals in riparian habitats investigate the landscape functions of local
riparian systems. Intensive live-trapping for more than a single year on replicated strearnside, upland,
and trans-riparian  transects of greater than 400 m in length will provide a dynamic and accurate view
of the relative importance of riparian systems and adjacent upland habitats. This standard methodology
can be applied to study both pristine and managed riparian areas and will provide transferable
information of considerable importance to landscape and forest managers.
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Livestock impacts on grassland riparian ecosystems: a study
proposal

Astrid M. van Woudenberg

1. Abstract

Riparian  habitats in dry grassland ecosystems are critical to both livestock and many species of
wildlife. Conventional range management guidelines for uplands are unsuitable for mesic  to hygric
areas. Riparian borders surrounding ponds are used disproportionately by cattle and horses and may
also be more sensitive to disturbance. Livestock can reduce the integrity of riparian habitats by
overgrazing, trampling, and waste production. The combination of soil compaction, decreased
vegetation structure and changes in vegetation species composition can reduce habitat suitability for
indigenous wildlife species. The objective of this study is to derive sustainable management strategies
for grassland riparian ecosystems. Fence enclosures will allow comparative analyses of grazed and
ungrazed  riparian  ecosystems. Use of a baseline inventory of wildlife and vegetation communities is
recommended to derive suitable pond pairs based on criteria of similar species and biophysical  features.
Long-term monitoring of paired fenced and unfenced ponds should include sampling of bird, small

mammal, herpetofauna and vegetation communities as well as soils and water quality. When species
abundance and evenness in enclosures exhibit little or no further change over time, grazing treatments
should be tested for impact. From these results, management strategies specific to riparian habitats can
be developed.

2. Introduction

Riparian  habitats in dry grassland ecosystems are critical to both livestock and many wildlife
species (Thomas et al. 1979). Riparian ecosystems provide shade, a variety of quality forage, and
drinking water in arid or semi-arid environments (Cross 1985; Bunnell  et al. 1992). The gentle
topography offers easy access and a combination of habitat characteristics often result in cattle
remaining in riparian  areas even after sufficient forage is depleted (Roath and Krueger 1982; Gillen  et
al. 1985). Consequently, grazing impact by domestic livestock can reduce grarninoid, forb, and shrub
cover significantly (Szaro and Pase 1983; Clary  and Medin 1990) such that habitat suitability for
specific wildlife species is lost (Medin and Clary 1989, 1990; Bunnell et al. 1992). The objective of
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this proposed study is to derive suitable management strategies by evaluating the effects of livestock
grazing on the biological diversity of grassland riparian  habitats in the interior of British Columbia.

2.1 Definition

Several definitions and broad classification systems have been used to describe the ecological
characteristics comprising riparian habitat (e.g.
Johnson et al. 1984; Bunnell et al. 1992). The British Columbia Ministry of Environment, Lands and
Parks has adopted a preliminary classification system based on an interim, nonspecific definition. The
shrub carr and marsh classes best describe the broad vegetation types of the grassland riparian habitats
proposed for this study.

Since there is no widely accepted definition of riparian  ecosystems, the grassland riparian habitats
proposed for use in this grazing impact study will be defined by the following:

Within a subxeric  to xeric grassland environment, riparian habitats are geographically distinct,
characterized by a level of moisture that exceeds annual precipitation such that the riparian
environment is hydric to aquatic at the lowest topographic depression. The riparian
environment is delineated by vegetation species which require saturated to mesic soils. The
riparian  environment and drier adjacent upland influence each other biophysically  and an
ecological transition zone exists at their common boundary.

2.2 Rationale

Few studies have documented the effects of livestock grazing on biological diversity in riparian
habitats (Bunnell et al. 1992). A recent comparative study of similar grazed and ungrazed habitats in
Idaho (Medin and Clary 1990) showed specific bird and small mammal species could be found only in
the ungrazed grassland riparian enclosures. These species included Red-winged Blackbirds Agelaius
phoeniceus, Great Basin Pocket Mice Perognathus  parvus,  Northern Pocket Gophers Thomomys
talpoides,  Water Shrews Sorex palustris, and Vagrant Shrews S. vagrans.  A similar study conducted in
Nevada (Medin and Clary 1989) examining only small mammals, indicated that Golden-mantled
Ground Squirrels Spermophilus Iateralis,  Bushy-tailed Woodrats Neotoma cinerea, Montane Voles
Microtus montanus,  Long-tailed Voles M. longicaudus,  and Northern Pocket Gophers were found only
in ungrazed grassland riparian habitats. All small mammal species found in grazed habitats were also
present in ungrazed habitats, although a few species occurred in higher numbers in the grazed habitat,
specifically Deer Mice Peromyscus maniculatus.

Crouch (1982) reported significantly more species of terrestrial nongame  birds in ungrazed riparian
grassland habitats (with scattered deciduous trees) in Northeastern Colorado. Crouch also found more
game species in ungrazed rather than grazed habitats-including several species of waterfowl,
Mourning Doves Zenaida macroura,  Northern Bobwhite Colinus virginianus, Ring-necked Pheasants
Phasianus  colchicus,  deer Odocoileus  spp., rabbits Sylvilagus  spp., and Fox Squirrels Sciurus niger.

Both the Colorado and Idaho studies reported a greater number of aquatic bird species in the grazed
riparian habitats. The authors of both reports attributed this to the shorter vegetation, more bare
ground adjacent to shallower water, and more open habitats in grazed riparian areas.

.
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Information regarding grazing impacts  on herpetofauna is minimal (Bunnell et al. 1992). Without
proven sampling protocols for measuring species abundance and evenness (P. Gregory, pers. comm.),
few, if any studies, have been undertaken to estimate amphibian and reptile diversity associated with
riparian habitats. A few studies have examined lizard demography in riparian ecosystems and one
indicated a higher use of riparian  habitats along rivers compared with adjacent upland areas in the
Grand Canyon (Warren and Schwalbe  1985). Lowe (1985) investigated local population extinctions of
obligate riparian amphibian and reptile species in the U.S. Southwest. These extinctions, however,
were due to a variety of human disturbances, only one of which was grazing. Similar studies for
British Columbia are unknown (Bunnell et al. 1992).

The impacts of livestock grazing on grassland riparian  habitats, including the effects on associated
wildlife species, in the Thompson-Nicola  Region of British Columbia are poorly understood. The
region has a large livestock industry which has been growing since the late nineteenth century (D. J.
Low and B.M. Wikeem, pers. comm.).  Field surveys and interviews revealed that there was no
grassland unimpacted by grazing available for a comparative study in the Thompson-Nicola  Region
(1.M.M.  Bamett, B.M. Wikeem, L. Leach, J. Lauder, L. Guichon, pers. comm.).

Two broad grassland types have been proposed for study. Hamilton Commonage  is a grassland
phase of the dry, cool Interior Douglas-fir zone (IDFdkla) and Lac du Bois is a ‘true grassland’ in the
Bunchgrass biogeoclimatic  zone (BGxwl  variant proposed). The two study areas are shown in Figure
1. By creating enclosures around selected grassland riparian habitats and comparing these with similar
areas which are grazed, impact from domestic livestock on wildlife habitat can be assessed for the two
types of grassland. Species richness and evenness of small mammals and birds will provide
biodiversity indices for these habitats (Cross 1988; F.L. Bunnell and T. Sullivan, pers. comm.).  The
presence or absence of herpetofauna  species will indicate the impacts of grazing on this poorly
understood group of wildlife species. Habitat sampling will identify qualitative and structural changes
in the habitats. The following summarizes the objectives of the study.

2.3 Objectives

1) Monitor changes in riparian and upland vegetation communities.
* Identify and quantify vegetation species changes.
* Quantify changes in vegetation structure in both riparian and upland habitats.

2) Compare bird communities in grazed and ungrazed riparian areas.
* Determine bird species richness and evenness.
* Determine seasonal use of riparian habitats.

3) Compare small mammal communities in grazed and ungrazed riparian areas.
* Determine small mammal species richness and evenness, their reproductive state, and cohort

(juvenile vs. mature adult).
* Monitor population cycling.

4) Compare herpetofauna  species found in grazed versus ungrazed habitats.
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5) Compare soil and water quality characteristics between grazed and ungrazed riparian and upland
habitats.

The long-term goal of this study will be to derive alternative management strategies to fencelines
surrounding riparian habitats. This will eventually require testing the effects of different management
scenarios on riparian biodiversity.

Figure 1
Proposed study sites to investigate the impacts of livestock grazing on riparian  grassland habitats
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3. Proposed Study Sites

3.1 Hamilton Commonage

The Hamilton Commonage (Fig. 1) is provincial Crown land, that was set aside as a government
reserve in 1887 to ensure that grazing land remained available (G. Hayes and D. Jury, pers. comm.).
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The grassland ecosystem proposed for study in the Commonage ranges in elevation from 1,150 to
1,250 m. The area is within the IDFdkla biogeoclimatic  site unit, known as the Thompson Dry Cool
Interior Douglas-fir Variant Grassland Phase. Mean annual precipitation for the IDFdk site unit is 438
mm (range 376-512 mm) (Lloyd et al. 1990).

Typically referred to as the ‘upper grasslands’, 16Fdkla grassland ecosystems are distinguished
from those of the Bunchgrass  zone by the lack of a distinct shrub layer (Lloyd et al. 1990). Vegetation
sampling in 1992 showed that the drier habitats of the Hamilton Commonnage (upland communities), are
dominated by Stiff Needlegrass  Stipa occidentals with a Kentucky Bluegrass Poa pratensis
subcomponent;  and a sparse shrub layer comprised of Pasture Sage Artemisia frigida and Common
Rabbit-brush Chrysothamnus nauseosus. Yarrow Achilles millefolium,  Cut-leaved Fleabane Erigeron
composites, Low Pussytoes Antennaria dimorpha, and lichens are found in lesser amounts. In riparian
communities, Creeping Bentgrass Agrostis stolonifera  and Foxtail Barley Hordeum jubatum  are
typically the dominant graminoids. Baltic Rush Juncus balticus  was also observed closer to the water’s
edge. Beaked Sedge Carex rostrata  and American Bulrush Scirpus  americanus comprised the emergent
vegetation. Trembling Aspen Populus tremuloides  riparian  communities typically have Nootka Rose
Rosa nutkana and Common Snowberry Symphoricapos albus  present in the shmb layer. At the
riparian-upland  ecotone  (mesic  to sub-mesic  sites), the Kentucky Bluegrass community evolves into co-
dominance with Stiff Needlegrass  and eventually Bluebunch  Wheatgrass (where mesic changes to sub-
xeric). Graminoid  species which indicate higher alkalinity in moister habitats include Nuttall’s  Alkali ‘
Grass Puccinellia nuttalliana  and Alkali Saltgrass Distichlis  stricta. Appendix 1 lists all plant species
identified from both study sites.

The Hamilton Commonage  has been grazed since the 1870’s (G. Hayes, pers. comm.). In addition
to cattle grazing, the area was heavily impacted by horse grazing during the first half of this century.
According to the Merritt District office of the Ministry of Forests, winter horse grazing during the
1930’s and 1940’s was particularly damaging to the upper grasslands. Relatively uncontrolled grazing
continued until the 1950’s and 1960’s when management became somewhat stricter under the Grazing
Act of 1917. Today, the Hamilton Commonage  is grazed by permit holders from the surrounding area.
The number of animals or the duration of grazing is regulated by the permit, which specifies the

maximum number of Animal-Use-Months (AUM).

The ponds proposed in this study fall within the pastures used for livestock grazing by the Douglas
Lake and the Gerard Guichon  Ranches. Douglas Lake Ranch occupies the southern half of the
grassland area, whereas the Gerard Guichon  Ranch occupies the northern half.

Approximately 55% of Hamilton Commonage is used annually between spring and fall. The
Douglas Lake Reserve is used for horse (184 AUM/pasture)  and cattle grazing (6,258 AUM total) and
the regime is equal utilization of all pastures through even distribution. The Gerard Guichon  Ranch
allotment comprises cattle use only (3,038 AUM) with a short, repetitive rotation of pastures.
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3.2 Lac du Bois

The Lac du Bois grasslands extend north from the northern boundary of Kamloops  for
approximately 14 km and westward from the North Thompson River to the bases of Mt. Wheeler and
Mara Hill. Elevation ranges from approximately 350 to 750 m. Three types of grasslands have been
recognized based on community changes with elevation and are commonly referred to as the lower,
middle, and upper grasslands (Lac du Bois Planning Committee, pers. comm.).  The Lac du Bois
grasslands are characterized by the biogeoclimatic  zone site units BGxh2 and BGxw1, described as the
Thompson Very Dry Hot Bunchgrass Variant and Nicola  Very Dry Warm Bunchgrass Variant,
respectively. Mean annual  precipitation for the BGxh2 and BGxw1 variants are 242 mm (range 193-
281) and 328 (range 160-458), respectively (Lloyd et al. 1990).

All ponds proposed for study in the Lac du Bois grasslands are within the BGxw1 variant.
Vegetation in the upland habitats of the Lac du Bois grasslands in both biogeoclimatic  variants is
dominated by Bluebunch  Wheatgrass with lesser amounts of Needle-and-thread Grass Stipa comata
(Lloyd et al. 1990). In areas of rock outcropping, Compact Selaginella Selaginella densa is also
found. The distinguishing feature between the two variants is the codominance of Big Sagebrush
Artemisia tridentata  and Bluebunch  Wheatgrass in the upland communities of the BGxh2 variant and
the single domimnce of Bluebunch  Wheatgrass in the BGxw1 variant. Riparian ecosystems in the
BGxw1  variant are characterized by Kentucky Bluegrass. Foxtail dominates communities on moister
soils with Baltic Rush occurring here in lesser amounts. Vegetation zones codomimted  by Perennial
Sow-thistle Sonchus arvensis, Prickly Lettuce Lactuca serriola, Lamb’s-quarters Chenopodium album
and Red Glasswort  Salicornia  rubra  were also found closer to the water’s edge, respectively. Bulrush
comprised the emergent vegetation. The shrub layer is dominated by Saskatoon  Amelanchier  alnifolia
and typically includes Common Snowberry, Red-osier Dogwood Cornus  stolonifera  and Nootka Rose.
Aspen comprises any overstory component.

—

The Lac du Bois grasslands have been used for livestock grazing since the late 1880’s (B.M. .
Wikeem, pers. comm.).  They were originally heavily overgrazed by Hudson’s Bay Company horses.
By the 1940’s, the severe deterioration of the grasslands prompted Agriculture Canada to establish the
Agriculture Canada Research Station in the Tranquilly area. Within the last twenty years the condition m
of the grasslands has recovered dramatically with improved management of cattle grazing only (A.
McLean and B.M. Wikeem, pers. comm.; K.A. Enns and J.M. Ryder, unpubl. data).

The present grazing regimes include a three year cycle in which pastures are rested in the third
year (J.W. White, pers. comm.).  Cattle grazing comprises 60% utilization during fall and 40% in
spring.

4. Proposed Study Methods

4.1 Vegetation Sampling

A sampling method similar to the multi-plot sampling technique is recommended to monitor
vegetation changes (Daubenmire  1959; Habitat Monitoring Committee 1990).

-.
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The sampling method initially involves mapping each pond using the existing 20 m by 20 m grid.
Each distinct vegetation zone is to be mapped within the grid, providing a rough estimate of each
riparian zone width. The primary, secondary, and tertiary vegetation species should be recorded.
Detailed sampling within each of the vegetation zones will be facilitated by establishing transects
parallel to the shoreline, that run through the centres  of the riparian and the riparian-upland transition
borders. One metre diameter circular plots should be positioned at 15 m intervals along each transect.
It is also recommended that the upland be sampled by running transects perpendicular to the riparian

transects. Upland transects should alternate between intensive vegetation sampling and broader habitat
descriptions. Intensive vegetation measurements should be sampled using 1 m diameter plots placed at
5 m intervals along 30 m transects. Broad habitat features could be surveyed by alternating 120 m long
transects with 4 plots placed at 30 m intervals.

The data to be collected at each vegetation plot should comprise horizontal and vertical species
composition and structure. Suggestions for height strata are: 0-10 cm, 10-30 cm, 30-60 cm, 60-100
cm and greater than 100 cm. Vegetation species within each strata should be identified and quantified
according to percent cover comprising each layer. This would provide a volume estimate of vegetation
biomass. Percent of bare ground must also be recorded.

Permanent transects have been established during pre-treatment  sampling and will need to be
relocated for all post-treatment sampling. Initial plot location should be random each year. The
dynamic nature of the vegetation zones within the riparian  border may require additional sampling of
individual zones to generate sufficient data necessary for computerized mapping.

Emergent vegetation beyond the riparian border should be identified and the ratio of their relative
abundance noted. The width of the emergent border and height of the vegetation should be recorded,
as should the pH of the surface water.

4.2 Bird Sampling

Twenty by twenty metre bird grids have been placed around ponds to include both riparian and
upland habitats in a 10:1 ratio. Those areas should be censused  for bird species abundance and their
use of specific habitat features. Most riparian borders in both Hamilton Commonage and Lac du Bois
are approximately 10 m wide or less. Waterfowl, shorebirds, and birds within the riparian  border as
well as within 50 m of upland should be recorded and mapped by walking along the shoreline. A
second walk through the grid 50 m from the shoreline would provide a detailed upland census, and
increase the detection of waterfowl on the pond. Transects through grids should be traversed at a rate
of 1 km per hour (100 m per 6 minutes) (Manuwal  and Carey 1991), recording all birds observed and
noting their location on maps. This sampling method could be adapted to calculate the density estimate
of birds based on the formula described by Manuwal  and Clary (1991). Controlling for marked
differences in detectability, the density forumula is: D = n/(2LW),  where n = number of observations
within the strip, L = the length of the strip/transect, and W = width of the strip.

4.3 Small Mammal Sampling

Small mammals should be sampled using a 6 m x 8 m rectangular grid with live-traps placed at
each intersection of the grid (T. Sullivan, pers. comm.).  A rectangular grid oriented lengthwise along
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the shoreline would provide greater sampling  effort along the longer dimension of the riparian  border
and ecotone.  Sampling schedule should include at least one week of spring, summer, and fall trapping
per pond. Where snow-free conditions permit, eight trapping sessions between May and October
would be ideal. Exclosure size will determine the sampling area for grazed and ungrazed habitats
pairs. Captured animals should be individually marked. Standard data to be recorded from captured
animals includes sex, weight, and reproductive status. Also,  primary, secondary, and tertiary
vegetation species, condition (live or dead), and mean height should be recorded at capture sites.

4.4 Herpetofauna  Sampling .

A combination of pit-fall traps and time-constrained searches are recommended as the best
combination of sampling methods to adequately inventory herpetofauna.  Variability in the sampling
success of each technique to detect different groups of herpetofauna species is reduced when both are
applied in combination (Bury and Raphael 1983). A 6 m by 8 m grid of 36, 6.9 Iitre traps should be
placed at each pond within the riparian  zone and adjacent upland (Corn and Bury 1990). Once pits are
dug and traps are set in place, monitoring can be carried out easily for a number of years by setting and
checking traps periodically (Bury and Raphael 1983; Corn and Bury 1990). Species, age (juvenile or
adult), sex, length, and weight should be documented.

4.5 Soil Sampling

Soil characteristics, such as compaction, composition, alkalinity, pH, moisture, and texture, must
be measured in order to:

1) compare ponds for grazed and ungrazed  treatment assignments, and
2) monitor changes resulting from the absence of grazing; and to test management strategies.

Riparian  and upland soils should be sampled from a minimum of three transects running upland,
perpendicular to the water’s edge. It is recommended that an auger be used to extract soil core samples
along transects from each vegetation zone at each pond. Soils should be sampled twice annually. The
first samples of the year should be taken in late February or early March when conditions are the
wettest and the salt profile is the lowest (A.L. van Ryswyk, pers. comm.).  The second sampling
should occur taken during late August or early September when the salts have moved up and the
moisture regime is driest.

4.6 Water Sampling

Water in each pond should be tested for pH, turbidity, and oxygen content. It is suggested that
samples be collected at the same time soils are sampled and also monthly during small mammal, bird,
and herpetofauna  surveys.

4.7 Fencing

Enclosures should include upland and riparian  habitat in a ratio based on mean home range size
(where available) of riparian associated species observed during pre-treatment inventory (prior to fence
installation). This ratio should be applied for both narrow, distinct riparian borders adjacent to steep

—

—
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upland slopes as well as large drainage areas typically found at the ends of larger ponds in both Lac du
Bois and Hamilton Commonage study areas.

Fence dimensiorn  should include posts approximately 2.1 m long spaced every 8 m, with three 115
cm droppers per 8 m section. In straight line fencing, posts should be sunk 75-90 cm into the ground,
whereas at comers they should be set 1 m into the ground.

4.8 Experimental and Statistical Design

The two types of grasslands must be treated as separate experiments since they are fundamentally
different ecosystems and therefore will likely respond to the same grazing regime differently. Within
the two grassland types, sample ponds are distributed among two or more pastures. Replicate ponds
within each pasture have received the same management over time. Within each pasture, ponds should
be paired for fenced (ungrazed) and unfenced (grazed) treatments according to similar plant and animal
communities, soil and water quality, and topography, recorded during pre-treatment inventory.

For both study sites the following variables should be determined in order to compare the grazing
impacts upon paired ponds:

* small mammal, bird, and herpetofauna species abundance and evenness
* vegetation species abundance and relative evenness
* stratified vegetation structure
* area of bare ground
* soil pH, alkalinity, moisture, and compaction
* water pH, alkalinity, and turbidity

The recommended experimental design is a block pattern allowing a two-way analysis of variance
with non-interacting blocks. Grazed and ungrazed  treatment pairs should be blocked by pastures and
hence grazing regimes; blocks are therefore non-interacting. Where there is no significant difference,
paired t-tests could be applied to pond pairs (V. Lemay, pers. comm.). Alternatively, a principle
components analysis could be applied to delineate differences between grazed and ungrazed ponds
(Sokal and Rohlf 1981). Comparative analysis should include the following:

Years 1 to 10 of the study:

* pre- (grazed) and post-treatment (ungrazed)  effects for fenced ponds.
* grazed and ungrazed pond pairs within each pasture

Post-10 years into the study:

* pre- (ungrazed) and post-treatment (experimental grazing strategies) effects for fenced ponds

If a test for normality results in a non-parametric distribution, then a Wilcoxon’s  Signed-ranks Test
could be applied (Sokal and Rohlf 1981).
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4.9 Work Schedule

Bird and small mammal sampling should begin in the first week of May (D.J. Low and T.
Dickenson,  pers. comm.).  Bird sampling must be completed by the end of June when nesting activity
has declined (D.J. Low, pers. comm). Small mammal trapping could correspond with bird sampling
in the spring and then resume in August, September, and October to monitor dispersal (T. Dickenson,
pers. comm.).

Preliminary results of herpetofauna  sampling indicated that the greatest activity was during late
April, May, and June. Permanent pit-fall traps should be left open during March and first half of April
so that local herpetofauna become acquainted with their presence (Block et al. 1988). Sampling should
begin near the middle of April and continue until the end of June. It is recommended that vegetation be
sampled during June and July.

.-

Bird sampling should be conducted between sunrise and 8:00 or 9:00 A. M., before increasing
daytime temperatures reduce avian activity (Reynolds et al. 1980; Hamel  1984). Small mammal
aluminum Longworth traps should be checked once per day before noon in spring and fall. Traps
should be set between 4:00 and 5:00 P.M. and remain open during the day to avoid trapping animals
when temperatures are highest. Herpetofauna pit-fall traps should be checked every other day during
periods of precipitation (Bury and Raphael 1983) and every third or fourth day during dry periods
(Corn and Bury 1990). Timed-constrained searches should take place during and/or after rainfalls
when herpetofauna activity is greatest (Bury and Raphael 1983). During times of heavier precipitation, .

sampling effort should be switched from birds to herpetofauna.

4.10 Fencing Schedule

Fencing should take place between February and March, 1994, and they must be maintained for the
duration of the study. When cattle are grazing a study pasture, fences should be checked three times
each week (J. Steeves, pers. comm.).

5. Discussion and recommendations —

Riparian habitats degraded by livestock use have often been reported to rebound quickly after
release from grazing (Rickard and Cushing  1982; Stuber 1985; Schulz and Leininger  1990). Platts and
Nelson (1985) found significant improvements in streambanks  and riparian vegetation in Utah after
eleven years of protection from livestock grazing. Few long-term studies of grazing impacts on
riparian areas with sufficient numbers of replicates have been done in North America (Schulz and
Leininger 1990; Bunnell et aL 1992). Therefore, there are few reliable results upon which reasonable
riparian management decisions can be based with confidence (L. Guichon,  pers. comm.) and applied to
British Columbia.

It is critical that a long-term study include sufficient replicates of paired similar riparian habitats for
comparison. Fencing all replicates within the same pasture must occur within the same year to provide
the most statistically reliable results with the least amount of variation and potential confounding
effects. Consequently, initial costs will be high (> $100,000 within the first year).
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Although vegetation communities of different ponds have similar  species assemblages, preliminary
sampling in 1992 indicated that the dominance of vegetation species varied between ponds. This may
suggest variable grazing impact between ponds (McLean 1979) and frequently between shorelines of
the same ponds. Variability in amounts of preferred vegetation species tends to concentrate cattle at
particular ponds (B.M. Wikeem, pers. comm.). Consequently, the differences between paired ponds
must be taken into account when interpreting the study results.

In situations of. larger ponds ( >3 ha) where the combination of vegetation zone patterns and
topography result in a relatively unique habitat, it is recommended that grazed/ungrazed pairs be
formed on the same pond. Factors that may reduce the independence of the grazed and ungrazed
habitats of these pairs also reduce the variability. The paired habitats each have similar grazing
histories, similar vegetation communities and microhabitats, and are influenced by similar soil and
water alkalinity as well as similar water quality, and the same upland community. In short, paired
habitats within the same ponds are influenced by the same factors, reducing the chance of confounding
results and increased error due to uncontrolled, independent factors.

Once the rate of change among plant and animal communities in ungrazed treatment areas has
declined, alternative grazing strategies should be tested for their ability to sustain the diversity and
evenness of the ungrazed communities.

Exclosure  size should be based on home range requirements of small mammal, bird, and
herpetofauna  species inventoried in riparian habitats during the 1993 spring and summer field season.
Home range criteria for riparian-dependent species is likely the most accurate in estimating the upland
component to be included in enclosures (D. Eastman, pers. comm.).  Adequate recovery of riparian
plant and animal species requires the influence of a healthy, contiguous upland component at the
transition zone (D.J. Low and M.D. Pitt, pers, comm.).  Alternatively, enclosures must not include too
much upland habitat such that effects of protecting upland from grazing cannot be ruled out when
riparian management strategies are being developed. Enclosures must also be large enough so that
sampling is not impaired; this is particularly critical in situations where steep shorelines have riparian
borders less than 6 m wide while drainage areas of the same ponds can often have riparian habitats
larger than 20 m.

Relatively small enclosures (l-5 ha) within large grassland areas (> 50 ha), will provide local
habitats of varying successional stages which will likely contrast with those of the surrounding grazed
landscape. Predator-prey relationships may behave atypically in these smaller habitats if more cover is
provided for small mammals, birds, amphibians, and reptiles. Enclosures may serve as a source of
dispersal for prey species and as a source of higher prey density for predators (A. Bawtree, pers.
comm.).  Consequently, population cycles of some prey species may also be atypical. Therefore, it is
strongly recommended that larger ponds be chosen for experimentation and exclosure  sizes be as large
as possible (> 5 ha).

The data collected for this study should be applied to grazing models that incorporate a
Geographical Information System (GIS). After 15 or 20 years of data collection, sufficient information
should be available to generate successional forecasts within riparian  vegetation polygons in a GIS.
Computer models that provide species trajectories through time based on management scenarios, will
allow management planning of riparian  areas at the landscape level.
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The advantage of using two different types of grasslands will provide an opportunity to make broad
management recommendations for protecting grassland riparian habitats. Preliminary results from
1992 and 1993 sampling indicated that the Lac du Bois grasslands tended to have higher vegetation
species diversity than the grasslands of Hamilton Commonage. This difference is attributed to variation
in elevation and grazing intensity. Although, it may be necessary to develop separate management
prescriptions for the two types of grasslands, relationships between grazing impact and the biological
diversity of grassland riparian ecosystems will be better understood for the Thompson-Nicola Region.

The following is a summary of recommendations including requests by ranchers and the Lac du
Bois Planning Committee:

a)

b)
c)

d)

e)

f)

Rlparian habitats chosen for study must be sampled prior to fence installation in order to pair
similar habitats and to provide a pre-treatment database.

Experienced field personnel must conduct all habitat sampling.
Fence the minimum number of replicates required for the experimental design for one study

area in the same year, at the same time.
Before installing any fencelines,  confirm their locations with all parties concerned (ie ranchers,

licensees, fencing contractors, and project leader).
Provide a public signage system in the Lac du Bois study area briefly explaining the Riparian

Enhancement project to visitors.
Apply the data to a GIS model to produce a management product.
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Appendix 1

Riparian and upland phnt species documented in Lac du MS and Hamilton Commonage in 1992 and 1993.
Identification and nomenclature from Hitchcock and Cronquist (1987) and MacKmon et al. (1992)

A. Hamilton Commonage

Trees
Pinus contorts
Pseudotsuga menziesii
Populus tremuloides

Shrubs
Chrysothamnus nauseosus
Salix bebbiana
Salix scouleriana
Rosa acicularis
Rosa nutkana
Rubus idaeus
Ribes cereum

Forbs
Achilea millefolium
Agosens glauca
Allium cemuum
Antennaria dimo@a
Antennaria microphyla
Artemisia figida
Aster pansus
Astragalus miser
Campanula rotundifolia
Capsella bursa-pastoris
Centaurea di@sa
Centaurea jacea
Cerastium arveme
Chumomilla suaveolens
Chenopodium album
Chenopodium capitatum
Cichorium intybus
Cirsium arven.re
Cirsium undulatum
Collomia grandijlora
Delphinium nuttallianum
Descurainia pinnata
Descurainia sophia
Epilobium angust~olium
Erigeron composites
Erigeron corymbosus
Erigeron jilijolius

Erigeronjlagelhmis
Erigeron linearis
Erigeron philadelphicus
Erigeron pumilus
Erigonum heracleoides
Engonum umbellatum
Galium boreale
Gaillardia aristata
Geranium viscosissimum
Geum triflorum
Grindelia squarrosa
Luctuca sem”ola
Lepidium densijlorum
Lithospennum ruderale
Lotus denticulatis
Lupinus laxipoms
Lupinus senceus
A4edicago lupulina
Medicago sativa
Melilotus alba
Melilotus oficinalis
Mentha arvensis
Microsteris gracilis
Myosotis kzra
Orthocarpus barbatus
O~tropis campestris
Phacelia hostata
Phacelia Iinearis
Plantago major
Polygonum amphibium
Polygonum douglasii
PotentiUa anserina
Potentilla gracilis
Ranunculus cymbahria
Ranunculus sceleratus
Rhinanthus minor
Rumm occidentals
Salicomia rubra
Silene douglasii
Smilacina stellata
Sonchus arvensis
Taraxacum oficinale

Tragopogon dubius
Trifolium repew
Qpha kxjlolia
Verbascum thapsus
Vicia americana
Viola adunca
Zigadenus venenosus

Graminoids
Agropyron repens
Agropyron spicatum
Agrostis stolonifera
Bechwumnia qzigachne
Bromus inermis
Bromus japonicus
Bromus tectorum
Calamagrostis canadensis
Calamagrostis rubescens
Danthonia intermedia
Festuca scabrella
Hordeum jubatum
Koeleria macrantha
Muhlenbergia asperifolia
Phleum pratense
Poa pratensis
Poa sandbergii
Puccinellia nuttalliana
Setaria viridis
Spartina gracilis
Stipa comata
Stipa occidentals
Stipa richarakonii
Stipa spartea

Sedges and others
Juncus balticus
Curex aquatilis
Carex rostrata
Sciqws americanus
Triglochin maritimum
Equisetum fluviatile
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Trees
Pseudotsuga menziesii
Populus tremuloides

Shrubs
Amelanchier aln~olia
Artemisia tndentata
Chrysothamnus nauseosus
Junipems communis
Junipems horizontals
Rhus glabra
Ribes cereum
Rosa acicularis
Rosa nutkana

Forbs
Achilles millefolium
Agoseris glauca
Allium cemuum
Antennana dimopha
Artemisiaflgida
Asclepias speciosa
Astragalus miser
Balsamorhiza sagittata
Calochortus macrocarpw
Campanula rotund~olia
Capsella bursa-pastoris
Castilleja thompsonii
Centaurea di~a
Centaurea maculosa
Cerastium arveue
Chamomilla suaveolens
Chenopodium album
Chenopodium botrys
Chenopodium capitatum
Cichorium intybus
Cirsium arvense
Cirsium undulatum
Collomia grandijlora
Delphinium nuttallianum
Descurainia pinnata
Descurainia sophia
Epilobium angust~olium
Erigeron composites
Engeron co~mbosus
Erigeron jil~olius
Erigeron Jlagellaris

Erigeron linearis
Erigeron pumilus
Erigonum heracleoides
Erigonum umbellatum
Gaillardia aristata
Gklium boreale
Geranium viscosissimum
Geum tnj?orum
Grindelia squarrosa
Lactuca serriola
Lepidium densijlomm
Lithospennum ruderale
htus denticulatis
Lupinus argenteus
Lupinus sericeus
Medicago lupulina
Medicago satira
Melilotw alba
Melilotus oflcinalis
Mentha arvensis
Microstens gracilis
Myosotis kzra
Opuntia fiagilis
Orthoca~us barbatus
Oxytropis campestris
Phacelia hastata
Phacelia linearis
Plantago major
Plantago patagonica
Polygonum aviculare
Polygonum douglassii
Potentilla amerina
Potentilla gracilis
Ranunculus cymbalana
Rhinanthus minor
Rumtzx occidentals
Salicomia rubra
Salsola kali
Silene douglasii
Smilacina stellata
Solidago canadensis
Solidago spathukzta
Soncti arvensis
Taraxacum ojjlcinale
Tragopogon dubiw
Tnfolium pratense
Tnfolium repens

‘Qpha lat~o[ia
Verbascum thapsus
Vicia amencana
Viola adunca
Zgadenus venenosus

Graminoids
Agropyron cnstatum
Agropyron repen.s
Agropyron spicatum
Agropyron trachycaulum
Agrostis stolonfera
Beckmannia syzigachne
Bromus inermis
Bromus japonicus
Bromus tectorum
Calamagrostis rubescens
Distichlis stricta
Elymus cinereus
Festuca scabrella
Hordeum jubatum
Koelena macrantha
Muhlenbergia asperifolia
Phleum pratense
Poa pratensis
Poa sandbergii
Puccinellia nuttalliana
Setaria vindis
Spartina gracilis
Stipa comata
Stipa occidentals
Stipa nchara30nii
Stipa spartea

Sedges and others
C22rtzxaquatilis
Chrex rostrata
Juncus balticus
Triglochin maritimum

105



L

L

Development and preliminary results of partial-cut timber
harvesting in a riparian area to maintain Grizzly Bear spring
habitat values

Bruce N. McLellan and Fred W. Hovey.

1. Abstract

L

i

Between 1979 and 1991, 77 individual Grizzly Bears Ursus arctos were radio-collared and
relocated 2412 times during the spring season (May 15 to July 22). Although riparian habitat covered
only 8.5 % of the study area, average use per individual bear was 40% during spring. wi th in  riparian
areas, habitat characteristics were recorded at 68 bedding, 165 feeding, and 59 randomly located sites.
Bedding sites were similar to random sites, but feeding sites were more open, further from visual

cover, and had a higher coverage of Cow-parsnip Heracleum lanatum than random sites.

These results led us to hypothesize that partial cutting in selected riparian areas may maintain or
even improve spring bear habitat. In 1983, a small partial cutting experiment was initiated in riparian
habitat. Treatments were: 1) one third removal; 2) 0.03 ha patches, and 3) 0.125 ha patches. Eight
years after logging, no significant change in the number or coverage of major bear foods was noted.
Grizzly Bear habitat values were maintained but not improved with the partial cutting treatments.

2. Introduction

History has demonstrated that as human settlement and development increases in an area, the first
species to be extirpated were usually large carnivores, and in particular, Grizzly Bears Ursus   arctos
(Harris 1984; Belovsky 1987; Harris and Kangas 1988; Hummel  and Pettigrew  1991). Due to the
concern over Grizzly Bear conservation, a long term research project focusing on the relationship
between bears and industrial development was initiated in the Flathead  River drainage in 1978.

Radio-telemetry data indicated that riparian  habitat was frequently used by Grizzly Bears during the
spring but traditional clear-cuts in riparian  areas were rarely used. Observations made while collecting
micro-habitat use data led us to the hypothesis that selective removal of some trees might improve
Grizzly Bear spring feeding habitat.
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To investigate the effect of various alternate silvicultural  systems on Grizzly Bear spring habitat in
riparian areas, a small experiment was initiated in 1983. In this paper we will first describe the use of
riparian habitat by Grizzly Bears during the spring and then report preliminary results from the partial
cutting experiment.

3. Study Area

The study area was in the North Fork of the Flathead  River drainage in southeastern British
Columbia and adjacent portions of Montana and covered approximately 3000 km2. In the study area,
the river flows from 1340 to 1220 m through a wide, flat bottomed valley with rolling hills in the
Montane Spruce (MSdk)  biogeoclimatic zone. On either side of the valley, sub-ranges of the Rocky
Mountains rise through the Engelmann Spruce - Subalpine Fir (ESSFdk)  zone into the Alpine Tundra
(AT) of the Rocky Mountains. Details of the general area have been provided elsewhere (eg. McLellan
1989a).

Riparian habitat in the study area can be found at many elevations but most is in the valley between
1220 and 1400 m. The low riparian  areas area mosaic of timbered sites, open meadows, lush forb
fields, willow flats and gravel bars. Spruce Picea  engehnannii  x P. glauca is the most common tree
species in riparian  habitats but Lodgepole  Pine Pinus contorra, Black Cottonwood Populus balsamifera,
and Trembling Aspen P. tremuloides  are also abundant. Most of the riparian  habitat was in a pristine
state although some had been clear-cut and some was crossed by roads and seismic lines. The
experimental timber harvest occurred along the Flathead  River at an elevation of 1300 m in the
MSdk/05,  06, and 07 site series. It has been mapped by Lea et al. (1988) as Spruce-Horsetail  (SH3).

4. Methods

Between 1978 and 1991, 77 individual Grizzly Bears were radio-collared in the study area and
relocated using aerial and ground based telemetry methods. At each radio-location site, the habitat type
was recorded. In addition, the proportion of the study area covered by various habitat units was
estimated with a sample of 2028 randomly located points. A comparison between bear locations and
random locations gave an index of habitat preference. Because some bears were relocated more
frequently than others, bear use was weighted by individual bear, not location. Although riparian
habitat is used by grizzly bears during all seasons, most frequent use is during spring and early summer
(McLellan  1989b)  and consequently, this paper is limited to information collected between May 10 and
July 22.

A sample of radio-location sites in riparian  habitat was examined on the ground, usually the day
after the focal bear left the area. Three factors were used to select which radio location sites were
visited on the ground: 1) legal and physical access to the radio location sites resulted in almost all sites
being in Canada, 2) priority was given to sites where the focal bear was located on two or more
consecutive days, and 3) priority was given to the most accurate locations such as those when the
tracker to bear distance was within 150 m or when the bear was pinpointed from the air.

—
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Because signs of bear activity were often abundant in the vicinity of location sites but some types of
sign such as digging for roots or tearing logs in search of ants are much more obvious than other
activities such as grazing, criteria were established to reduce the subjectivity of locating bear use plots.

Feeding site plots were located where a scat plus evidence of feeding was found. The assumption
here was that while feeding, defecation by bears was a random event and thus, scats would be
deposited by foraging bears in proportion to their use of various vegetative types. If, after a prolonged
search, no evidence of feeding was found, the plot was recorded either as a traveling site or, if a bed
was found, a bedding site. Because beds were more similar in their observability than feeding sites, a
scat did not have to be found at a bedding site before it was recorded.

In addition to bear use plots, 59 randomly located plots were visited in riparian habitat. At each
bear use site and random site that was visited, a 0.03 ha circular plot was established. Within this area,
the number of trees of each species in three diameter-at-breast height (dbh) categories (10 and 30 cm
cutpoints),  tree canopy coverage, distance to cover, and an ocular coverage estimate of all major
shrubs and forbs were recorded on a six point scale. Use sites were compared to random using log-
Iinear models. Comparisons were limited to six variables: canopy coverage of conifers, tall shrubs,
Common Horsetail Equisetum arvemse, Cow-parsnip Heracleum lanatum, grasses, and distance to
cover that would hide a bear from view. An overall alpha level of 0.05 was thus reduced to 0.008 for
individual tests.

A small ex eriment directed at monitoring the effects of partial cutting in riparian habitat began in
!1983 in a 6 km area along the Flathead River. This area was divided into 12,0.5 ha experimental

units (71 m x 71 m squares). Due to a perceived moisture gradient, three blocks of four units each
were delineated. Four treatments were randomly prescribed to each of the units in each block. The
four treatments included: 1) a control where no logging but some skid trails occurred, 2) an even
spatial removal of every third stem that was greater than 20 cm dbh, 3) conifer removal of two 0.03 ha
(10 m radius) openings, and 4) conifer removal of one 0.125 ha (20 m radius) opening.

Within each of the 12 units, four permanent plots were established systematically to facilitate
relocation in the future. At each permanently located site, all forbs of each species were counted
within a 1 m2 plot, all shrubs within a 4 m2 plot, and trees within a 225 m2 plot. Coverage estimates
were made within the 225 m2 plot for all shrubs and forbs. Data were recorded in July and August of
1983. Trees to be removed were marked in November 1983 and hand felled and skidded with a low
surface pressure tracked skidder in February 1984. Vegetation data were again recorded in August
1984, and in August 1991.

Two methods of analyses were conducted depending on response variable measurement. For
species that had adequate individuals counted in the plots, a blocked repeated measures (treatment and
year) ANOVA was used. For species without sufficient numbers counted, coverage classes were used
in a contingency table.
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5. Results

Between 1979 and 1990, Grizzly Bears were relocated 2412 times during the spring season (May
15 to July 22) and 46 individual bears were relocated at least 10 times each. Although riparian habitat
covers only 8.5 % of the study area, use of that area by each of these 46 bears ranged from O to 85%
and averaged 40% (Fig. 1). The average proportion of use of riparian habitat by the sampled bears
was higher than other habitats at this time of year.

Within riparian areas, habitat characteristics were recorded at 68 bedding, 165 feeding, and 59
random sites. Only the coverage of grasses differed significantly between random and bedding

—

Figure 1
Bubble chart demonstrating habitats used by individual Grizzly Bears in spring. The area of each
bubble is proportional to the number of different bears with the corresponding percentage of spring
radio-locations in each habitat. The position of solid squares indicates the percentage of the study area ,
covered by that habitat. Habitat are: CF = closed forest, OF = open forest, BU = bum, HA =
harvested, RI = riparian, RO = rocky, SN = snowchute
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Figure 2
The proportion of feeding, bedding and random plots in riparian areas relative to distances from visual
cover
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Figure 3
The proportion of feeding, bedding and random plots in riparian  areas relative to conifer canopy cover
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Figure 4
The proportion of feeding, bedding and random plots in riparian areas relative to percent cover of
Cow-parsnip
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sites with bedding areas having less grass. Feeding sites differed significantly (all P < 0.005) from
random and bedding sites by being: 1) more often O to 25 m from cover, 2) in more open conifer
canopy cover, and 3) in areas of higher Cow-parsnip coverage (Figs. 2, 3, and 4). Coverage of

Common Horsetail did not differ significantly between feeding sites and random or bedding sites.

Spruce and Black Cottonwood were the dominant tree species in the experimental logging site. As
expected with spruce, there was a significant YEAR effect but surprisingly, not a significant
TREATMENT or YEAR * TREATMENT interaction. The number of spruce in the controls dropped
21% between pre-logging  and one year post logging. After 8 years the control, 0.03 ha cuts, 0.125 ha
cut, and one-third removal, had an average of 300, 296, 185, and 214 spruce stems > 10 cm dbh per
ha and 207, 151, 448, and 163 stems of conifers < 10 cm dbh respectively.

There was not a significant YEAR or YEAR * TREATMENT interaction for Black Cottonwood or
Common Horsetail. Coverage of Cow-parsnip did not change significantly from pre- to eight years
post timber harvest in any single treatment (P all >0. 15) or all nine treated units combined (P =
0.67). Coverage of horsetail was generally higher throughout the area in which the experiment was
performed both before and 8 years after cutting than in the bear feeding sites (Table 1). Coverage of
Cow-parsnip was generally less both before and after the experimental logging than in the bear feeding
areas (Table 2).

Table 1
Estimated coverage of Common Horsetail in the control, experimental units, and bear feeding sites

Treatment and Year

C o v e r a g e  Co@ 0.03 ha IL.M_haxuLEmwd Bear Feeding Sites

(%) 83 91 83 91 83 91 83 91

0 17 17 8 0 0 0 8 17 38
0 17 17 25 33 8 25 0 25 15
1-58 25 17 17 25 58 17 0 21
5-25 8 33 0 25 42 17 42 17 18
25-50 42 8 42 25 25 0 25 33 5
50-75 8 0 8 0 0 0 8 8 3

n 12 12 12 12 ‘ 12 12 12 12 166

.

—

—
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Table 2
Estimated coverage of Cow-parsnip in the control, experimental units, and bear feeding sites

Treatment and Year

C o v e r a g e  ~ _0.03 ha 33% removal Bear Feeding Sites

(%) 83 91 83 91 83 91 83 91

0 17 25 33 17 17 25 8 17 15
0 - 1 58 67 58 58 58 50 42 42 5
1 - 5 17 8 8 17 25 25 33 33 19
5 - 2 5 8 0 0 8 0 0 17 8 21
2 5 - 5 0 0 0 0 0 0 0 0 0 26
50-75 0 0 0 0 0 0 0 0 10
75-95 0 0 0 0 0 0 0 0 4

n 12 12 12 12 12 12 12 12 166

In the nine partially cut experimental units, an average of seven cottonwood and 41 spruce/ha have “
become snags in the eight years after logging. In these units, 27 spruce and 13 cottonwood per ha have
fallen to the ground.

6. Discussion

Some studies of Grizzly Bear habitat use in the interior of North America did not report bear use of
riparian areas during spring (Hamer  et al. 1991; Wielgus  1986) or found less use than expected based
on the area covered by this habitat (Almack 1986). In contrast, other studies reported greater use of
riparian during spring than expected (Servheen 1983; Zager et al. 1983; Simpson 1987; Aune and
Kasworm  1989) but none have encountered the amount of use demonstrated in this study.

There are likely two reasons why bears in the Flathead drainage made relatively greater use of
riparian  areas. First, low elevation sites in some other study areas were flooded by hydro reservoirs
(Zager et al. 1983; Simpson 1987) or more heavily settled by people (Servheen  1983; Almack 1986).
Second, the riparian areas in the relatively wide Flathead valley maybe more extensive and produce
more wet-site bear foods than riparian areas in other study areas. Vandehey (1991) found riparian
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areas to have a higher biomass of digestible energy and protein in bear foods than other habitats in the
Flathead study area. The relative abundance of wet-site bear foods in the study area is also reflected in
the diet of Flathead bears. Spring foods of Grizzly Bears in the Flathead consists of more wet-site
plants such as Cow-parsnip, Common Horsetail, and Sharptooth Angelica  Angelica arguta  than other
study areas (McLellan and Hovey 1993).

Of the variables compared, only grass cover at riparian bedding sites differed significantly from
random riparian sites. The similarity between bedding sites and random sites, however, does not
suggest that bears are indiscriminate when it comes to bedding. If this was the case, we would expect
to find beds in habitats frequently used by bears for other activities such as feeding. Because there
were significant differences between sites used for bedding and those used for feeding, but little
difference between random and bedding sites, it appears that bears may avoid sleeping in good feeding
sites. Sleeping away from feeding sites would reduce the chance of a sleeping individual being
confronted by another bear.

Significant differences between feeding and random and between feeding and bedding sites within
riparian habitats suggest strong selection of specific communities for feeding. The conifer canopy at
feeding sites was more open, feeding sites were slightly farther from visual cover and had more Cow-
parsnip than random or bedding sites. At about 36% of the mean scat volume during June and July,
Cow-parsnip was the dominant single species in the diet of Flathead Grizzly Bears at this time of year
(McLellan  and Hovey 1993). The relationship between canopy cover, distance to visual cover, and
Cow-parsnip production led us to hypothesize that partial cut logging, and in particular, patch cutting
may produce potential Grizzly Bear feeding areas and led to the experimental test described in this
paper.

The decrease in the number of spruce trees in the controls between 1983 and 1984 resulted largely
from skid trails from other treatments crossing some plots in the controls. Even with the modified
controls, it can be concluded that after eight years none of the partial cutting treatments resulted in a
significant improvement in bear habitat but pre-harvest values appeared to be maintained. Observations
of animals and their sign indicated that bears and many other species still use the experimental area
eight years after partial cutting.

It is clearly realized that Grizzly Bears are not the only organisms found in riparian areas and what
happens in a 6 km2 area of the Flathead drainage may not represent riparian habitat elsewhere. The
enormous complexity of riparian habitat is a major reason why it is used by so many terrestrial and
aquatic species. This complexity and variability, however, makes experimental research difficult.
There are many variables worth measuring in an experiment such as this and preferably, there would
have been enough resources to quantify more than plant responses. Measuring population responses of
animals, particularly survival-fecundity rate of increase which is the appropriate variable, would have
required greater resources and much larger experimental units. Even though Grizzly Bear feeding
habitat was not created by partial cutting in our experiment, results were not entirely negative; some
timber was extracted, the remaining trees have not blown over, and important forest attributes to other
species such as snags, coarse woody debris, and a multi-layered canopy, still remain. Because the
experiment reported here was only a small pilot study, additional research into partial cutting of
riparian habitat and partial cutting buffer areas adjacent to riparian areas is needed.
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. Silvicultural  options on alluvial floodplains in coastal British
Columbia

Donald S. McLeman

1. Abstract

Due to unpredictable flooding and to the vigorous post-logging growth of deciduous trees and
shrubs which occurs after logging, alluvial sites are among the most difficult to regenerate to conifers.
The most effective method of controlling competing vegetation on alluvial plantations is by applying
ground-based herbicides, but their use is affected by such factors as nearness to fish-bearing streams,
reduced forage values, and the need for repeated applications. In addition, in many Forest Districts in
coastal British Columbia, applying herbicide has been seriously curtailed by public concerns.
Therefore, alternatives to traditional silvicultural  practices on alluvial floodplains are needed.

This paper outlines the reliability of hardwood management, mixed hardwood-conifer systems
(nurse tree shelterwoods), and clumped spacing approaches. The advantages of using these silvicultural
alternatives are evaluated in the context of silvicultural,  integrated resource management, and
biodiversity objectives.

2. Forest management on alluvial floodplains in coastal British Columbia

Alluvialj Zoodplains are defined as the complex of level, bench-like landforms within a river’s
watershed that have formed and are still being influenced by that river’s erosion and aggravation
processes. In many coastal valleys, alluvial floodplains forma ribbon of deep, loamy, moist soils along
the valley bottom, and provide the most productive forest sites in the watershed. Floodplain formation
is complex and in most valleys results in a mosaic of relatively well-drained, forested benches
interspersed with swamps, shrub carrs,  fens, bogs and semi-aquatic and aquatic ecosystems. These
ecosystems in turn provide unique habitat for a great variety of organisms. Floodplains also form the
interface between forestry and fisheries resources, are important in maintaining a watershed’s
hydrological integrity and are important recreation sites.

Alluvial floodplains support some of the largest conifer forests in coastal British Columbia, and in
many valleys those stands are often the first to be harvested. Old growth alluvial forests are typically
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very open, with relatively low conifer stocking interspersed with dense shrub communities. After
harvesting, alluvial sites are rapidly domimted by explosive growth of the existing shrub complex, and
by rapidly growing deciduous trees such as Black Cottonwood Populus  balsamifera, Red Alder Alnus
rubra, and Bigleaf Maple Acer macrophyllum.  Without stand treatments, planted conifers occupy
subcanopy positions, growing slowly in the reduced light. As a result, most alluvial stands logged in
the early part of the century are now dominated by hardwoods with variable conifer stocking beneath.

More recently, foresters have attempted intensive silviculture  to regenerate conifers directly after
harvesting on alluvial sites (see Fig. 1). Large stock types are planted immediately after harvesting
with brush control treatment planned for the first or second year after  conifers become established
(McLennan  1992). Brush control treatments are repeated until the plantations are free growing.

Intensive methods have also been used to convert existing hardwood stands to conifer plantations
on alluvial and other sites. Generally, sites are prepared by either blade scarification, slash burning,
herbicide applications, or combinations of these procedures. These treatments set back the shrub and
deciduous tree complexes that naturally invade the sites so that the planted conifers can be established.
After harvesting, conifer seedlings are brushed using chemical or mechanical methods until the
plantations are free growing.

In most cases, these intensive methods for regenerating conifers after harvesting result in high
seedling mortality and repeated herbicide applications are needed to control competing vegetation.
Relying on herbicides to regenerate conifers, however, presents other problems. Firstly, herbicide use
has been seriously restricted in many Forest Districts due to public concern. Also, fish-bearing streams
in backwater and main channels near or within cut blocks may dictate the use of pesticide-free zones or
more expensive backpack applications (Anon 1993). Furthermore, competing shrubs may include
important forage species for bear (Hamilton et al. 1991, McLellan and Hovey, this volume) and other
species, and herbicide application has been shown to negatively affect their forage value.

Replacing hardwood with conifer stands on alluvial areas has also proved difficult. One study
compared intensive approaches for converting Red Alder stands to conifer plantations on an active
alluvial floodplain. The results showed that establishing coniferous plantations directly on alluvial sites
significantly lowers soil nutrients, introduces new competing vegetation and does not guarantee that
conifers will be established (Feller and Blackwell  1989; MacAdam and Trowbridge 1990).

If foresters are successful in regenerating well-stocked coniferous stands on alluvial floodplains, it
is expected that they will develop into closed-canopy, pole-sapling stands after about 20-40 years, and
reach merchantable size by year 80 (Fig. 1). However, these closed canopies may shade out important
subcanopy forage species (Alaback 1984; Alaback and Herman 1988). Hamilton et al. 1991 showed
that if the present practice of entering a watershed and cutting alluvial and other low elevation stands
over a short period continues, a serious forage deficit will result within 40-50 years after first pass
harvesting.

Clearly, alternative approaches are required for managing alluvial sites. This paper presents
stand-level regeneration alternatives for managing alluvial floodplains that are reliable, feasible, and
that maintain site productivity without impacting non-timber values negatively. The report provides
general descriptions of the regeneration strategies, and refers to other reports for specific details.

—
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Figure 1
Stand development and structural changes in a conifer plantation established through the intensive
approach, from just after planting to about year 80
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3. Forest regeneration alternatives on alluvial floodplains

Three approaches to managing high productivity, high brush hazard alluvial sites are discussed.

1) cluster-planted conifer plantations with reduced stocking;
2) establishment of conifers under a canopy of rapidly growing hardwoods; and,
3) planted or naturally regenerated hardwood stands.

All of the alternatives are designed to regenerate sites after clearcut  harvesting. Klinka and Carter
(1991), in a guide to selecting forest reproduction methods, identified clearcutting as the only feasible
option for very high brush hazard sites. This is because partial canopy openings permit rapid brush
growth while limiting sub-canopy crop tree growth. Therefore, all regeneration alternatives described
in this report include clearcutting  of all trees during harvesting. Small opening size, irregular block
boundaries, retention of wind firm snags and no-work patches should be integrated into cutting plans to
maximize the structural diversity of regenerated stands.

The species selected for each regeneration method will vary as the regional climate changes across
the different ecological subzones (Banner et al. (1993); Green and Klinka 1994). Table 1 lists the
major tree species suitable for high, medium, and low bench site associations (Banner et al. 1990).

The Ss-Salmonberry Rubus spectabilis site association occurs across a wide range of coastal
subzones, and supports many coniferous and deciduous species. As regional climatic gradients vary
over a site association’s range, the dominating conifers will also vary. For instance, in the more
maritime CWHxm, dm, vm, mm, and wm subzones, Western Redcedar Thuja plicata, Grand Fir Abies
grandis, Douglas-fir Pseudotsuga  menziesii  and Sitka Spruce Picea sitchensis  are the principle conifers.
However, as the climate becomes more continental in the CWHds, ms, and ws subzones, Amabilis  Fir
Abies amabilis  and Engelmann Spruce Picea engelmannii become more common, and Grand Fir and
Sitka Spruce decrease. In hypermaritime climates, Sitka Spruce and Western Redcedar dominate on
high benches. In these subzones, Black Cottonwood does not occur and Red Alder is the dominant
deciduous species. Deciduous species dominate on middle and low bench sites throughout coastal
British Columbia, although conifers occur on elevated microsites where the effects of persistent
flooding are reduced.

—

.
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3.1 Cluster planting of conifers at reduced stocking levels E

This approach has two objectives—producing high-value conifer timber products on high
productivity-high brush hazard alluvial sites, and maintaining site forage values over the entire rotation ,n
(Fig. 2).

The potential of the tree cluster planting method has been reported by a number of workers who 9D
used a variety of trees per cluster and cluster density combinations (Anderson 1951; Vlaheli and
Enescu 1974; Naumenko  and Smogunova 1975; Gan 1987; Antonov 1988; Pukkala 1988; Terlesk  and
McConchie  1988). Cluster-grown trees resulted both in higher early survival (Antonov 1988) and
fewer bole branches where self pruning was used (Anderson 195 1). Pukkala (1988) showed that
volume per hectare could be reduced 10-20% in plantations with high numbers of trees per cluster.
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Table 1
Site associations, subzones, and a list of species ecologically suited to alluvial floodplain site
associations in coastal British Columbia

Bench Site association Subzones Conifer/Hardwood Species

High Ss-Salmonberry CWHxm, CWHdm, CWHwm, Cw, Bg (Ba), Fd, (Ss,
CWHvm, CWHds, CWHms, Se).Ac, Dr, Mb
CWHWS

Cw-Snowberry CDFrnrn Ss, Cw/Dr

Ss-False  Lily-of-the- CWHwh, CWHvh Bg, Fd, Cw/Ac, Dr, Mb
Valley

Medium Ac-Red-osier  Dogwood CWHxm, CWHdm, CWHwm, Ac, Dr
CWHvm, CWHds, CWHms,
CWHWS

Ss-Trisetum CWHwh, CWHvh Dr

Low At-Willow CDFmrn, CWHxm, CWHdm, (At’)
CWHwm, CWHvm, CWHds,
CWHms, CWHWS

Dr-False Llly-of-the- CWHwh, vh (Dr’)
Vallev

Zone and Subzone codes: ,CDF - Coastal Douglas-fir; mm=moist maritime, CWH - Coastal Western Hemlock; xm=very dry
maritime, dm = dry maritime, mm =moist maritime, vm=very moist maritime, wh= wet hypermaritime, vh =very wet
hypermaritime, ds=dry submaritime, ms=moist submaritime,  ws=wet submaritime.

Tree species codes: Ss=Sitka Spruce; Cw= Western Redcedar;  Ac=Black Cottonwood; Dr=Red Alder; Mb= Bigleaf Maple;
Ba=Amabilis  Fir; Bg=Grand Fir; Se= EngelmaM Spruce; Fd=Douglas-fir

False Lily-of-the-Valley Maianthemum dilatatum; Red-osier Dogwood Cornus stolonifera; Trisetum Trisetum  c e r n u m  willow
Salix  spp.

a Dr and Ac are ecologically suited to low bench site units, but are not economically viable. These species would be suitable
for site rehabilitation purposes.
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Figure 2
Stand-development and structural changes in a cluster planted conifer plantation, from just after
planting to about year 80
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Volume loss was greatest in trees in the centres  of larger clusters. Anderson (195 1) concluded that
volume loss was balanced by an increase in timber product value where clumped spacing was used.
Anderson (195 1) also pointed out that brushing and other treatments were cheaper when trees were
arranged in clusters. Vlaheli  and Enescu  (1974) calculated that planting in clusters reduced the costs of
establishing plantations (i.e. through site preparation, planting, and stand tending) by 40-45%
compared to square spacing. Anderson (1951) also stated that trees in clusters were more windfirm
than those planted wide apart. Thus, although reduced stocking and cluster planting can reduce total
timber volumes from a stand, this loss maybe offset by lower establishment costs, and by higher
timber value if trees are pruned and spaced. Although these studies used different species than those in
coastal British Columbia, the results suggest that cluster planting is feasible.

Plantations stocked at lower levels will need increased incremental silvicultural  treatments to ensure
that forage and timber quality objectives are met. Naturally regenerated conifers and hardwoods which
can become established between clusters or widely spaced trees must be controlled so that the original
crop tree configurations are maintained. Although trees planted in clusters are self-pruning, those at
the cluster’s edge will need to be pruned, both to ensure wood quality and to increase light levels in
inter-cluster gaps. Widely spaced trees may need one or two primary lifts to ensure that clear wood is
produced. If these measures are followed, clear wood of relatively large piece size can be produced.

Cluster planting produces lower stocking levels than those normally required by the Ministry of
Forests (MOF). Following an initiative by the British Columbia Ministry of Environment, Lands and
Parks (MOELP), these lower stocking levels have recently been approved for alluvial site associations
in both the Vancouver and Prince Rupert Forest Regions. The MOF will accept lower stocking levels
requested by the MOELP in drainages designated as critical Grizzly Bear Ursus  arctos  habitat. A
project to establish clustered plantations in a variety of configurations, and on a range of sites, is
presently being carried out under the auspices of the MOELP. McLennan  and Johnson (1993) describe
details for establishing cluster plantations.

A principle objective of cluster planting is to maintain gaps in the canopy so that bear forage values
will be maintained throughout the rotation in important areas (Fig. 2). Although cluster planting has
been developed to increase Grizzly Bear forage values, the gaps will also provide forage for Black
Bears Ursus americanus,  ungulates, berry-eating birds and other mammals. The gaps will also create
structural diversity and increase species diversity within stands.

3.2 Regeneration of shade-tolerant conifers under a hardwood canopy (nurse tree shelterwood)

A second regeneration alternative mimics the natural succession of shade-tolerant conifers
regenerating under fast-growing deciduous species on alluvial floodplains (Fig. 3). The hardwoods act
as a nurse crop, decreasing the growth and vigour  of shade intolerant shrub species, and permitting
acceptable growth in shade tolerant conifers (McLennan  and Klinka  1990). Nurse tree shelterwoods
can be composed of a range of species combinations depending on the regional climate (Table 1) and
the shade-tolerance characteristics of the species selected.

Two major approaches are: (1) an intensive option where the site is prepared and both coniferous
and deciduous species are planted; and (2) a more extensive approach where only conifers are planted

h
125



I
-i

and deciduous species are allowed to generate naturally. The crop trees are then freed up primarily by
manually brushing encroaching and overtopping vegetation within 1.5 m of the tree.

Figure 3
Stand development and structural changes in a nurse tree shelterwood plantation, from just after
planting to about years 100 or 130. The two frames on the bottom left represent well stocked conifer
plantations where hardwoods have been removed, while those on the right show a plantation where
conifers have been left to grow up ‘naturally’ through the decadent hardwood overstory
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Both options will normally require fill planting of both conifers and deciduous trees to establish well-
stocked plantations. Based on observations in one operational nurse tree shelterwood,  an interlocking,
2.5 m square spacing of crop and shelter trees would optimize growth of shade tolerant conifers and
suppress intolerant deciduous brush (McLennan  and Klinka 1990).

Using a nurse tree shelterwood approach, conifers can be established on high brush hazard sites
economically and with minimal environmental cost compared to traditional approaches that control
competing vegetation directly. Herbicides are not required and, once the plantation is stocked at the
appropriate level, little stand tending is necessary. Furthermore, the stands are brushy for at least the
first 20 years of the rotation and will provide forage with good cover characteristics. Besides providing
good wildlife habitat, the mixed stands created have higher species diversity than other options.

Once conifers are growing under the canopy, three options exist for the nurse tree plantation
depending on site objectives:

1) Where the main goal is to establish and produce a conifer crop quickly, the hardwood canopy can be
removed as soon as conifer heights exceed the height of the brush that will re-establish after canopy
removal. In the nurse tree plantation studied by McLennan and Klinka  (1990), sub-canopy conifers
could be released after about 12 years. Time to release cutting will vary with different sites and
different climates.

2) If the objective is to recover both hardwood and conifer crops, hardwoods should be carefully
harvested at about 20 years when they have reached minimum specifications for pulp. This strategy
can increase the conifer rotation and must be carefully planned so that the hardwoods can be removed
without damaging an unacceptable number of conifers.

3) As a third option, the nurse tree shelterwood approach can be used tore-establish natural
successional patterns and species mixtures on alluvial sites. In this case, the cottonwood overstory is
left to breakup naturally, so that sub-canopy conifers are released slowly and irregularly (see Fig. 3).
This option would permit the cottonwood to become decadent and die out naturally, and to provide
habitat for cavity nesters and other snag dependent species, and abundant downed woody material.
This option would also re-establish  conifers that might otherwise be lost. The method would, over the
long term, be particularly suitable for managing streamside buffer strips, and would contribute
coniferous, large organic debris.

Since successful conifer plantations grown under hardwood canopies require relatively dense
stocking ( >1500 stems/ha), once conifers are established, forage values will ultimately be low. For
this reason, nurse tree shelterwoods will have the same negative effect on forage values as conifer
plantations established by intensive methods that attempt to control competing vegetation (see Fig. 1).
Therefore, watershed level considerations of adjacency, and stand development over time should be
carefully considered when regenerating fully stocked conifer stands. Nurse tree shelterwood and
cluster planting can also be combined such that conifer clusters are regenerated under hardwood
clusters. This approach would reduce the need to control brush manually or chemically within clusters,
and would increase the cluster plantations structural and species diversity.

h
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3.3 Hardwood management

A third approach to managing alluvial sites is to take advantage of the rapid deciduous growth that
occurs naturally after being disturbed to establish commercially viable stands of usable hardwood fibre.
To date, the only species of deciduous tree that has been purposefully managed for fibre in coastal

British Columbia is Black Cottonwood and its hybrids. Experience in the Pacific Northwest region of
the United States suggests that there is also commercial potential for hardwood species such as Red
Alder and possibly Bigleaf Maple. Only management of Black Cottonwood, hybrid poplar, and Red
Alder is discussed here, and is summarized from McLennan  (1990) and McLennan  and Mamias  (1992).

3.3.1 Management of Black Cottonwood and hybrid poplar

Black Cottonwood can be managed at a range of levels—from relying primarily on natural
regeneration, through establishing Black Cottonwood and hybrid poplar plantations from planting whips
or cuttings, to agricultural-style, high-productivity hybrid poplar (Fig. 4).

If Black Cottonwood is well represented (> 300 stems/ha) in harvested stands, then natural
regeneration from vegetative sprouting of root, stem and branch fragments will usually meet stocking
requirements. Vegetative sprouting of Black Cottonwood will be more successful if harvesting is
carried out in the winter and early spring when soils are moist and competing vegetation is poorly
developed. Black Cottonwood is the most shade-intolerant tree in coastal British Columbia, so that
even slight shading by competing brush will result in significant mortality. To ensure that regeneration
is well distributed, a fall survival survey after planting is needed. Holes in stocking can then be filled
with Black Cottonwood whips the following spring. In some cases plantations may require a juvenile
spacing to reduce overstocked areas.

When Black Cottonwood is absent or present in only low numbers ( <100  sterms/ha) within the
harvested stand, then whip planting will be necessary to ensure properly stocked plantations. Whip
mortality may be high during dry springs on sandy alluvial soils, or when whips are desiccated before
planting. Either native Black Cottonwood or hybrid poplar stock maybe used for whips. The more
rapid growth of the hybrids may encourage whips to be planted even on those sites where plantations
will reach target stocking levels naturally. If hybrid whips are planted immediately, then natural Black
Cottonwood regeneration will be shaded out.

Major site preparation and considerable stand tending is required to achieve fully the growth
potential of hybrid poplars in high productivity, agricultural-style plantations. Yields in excess of 30
m3/ha/yr  can produce useable  fibre very quickly if sites are stumped, Ievelled, and all slash is removed
before planting. This creates a plantation where small tractors can be used to control competing
vegetation and to apply site-specific fertilizers as needed. For planting stock, hybrid whips are divided
into shorter sections or cuttings, which allow variable hybrid stock to regenerate more area. The
shorter cutting lengths underscore the importance of controlling competing brush for the plantation’s
first four years before canopy closure occurs. Such control also makes all nutrients available to the
fast-growing hybrids. In many cases, especially in Elk Cervus  elaphus areas, fencing of plantations is
needed because the cuttings are highly susceptible to even low browsing levels.
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Figure 4
Stand development and structural changes in a Black Cottonwood plantation, from just after planting to
about year 30
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3.3.2 Management of Red Alder

Red Alder is a common tree in many alluvial forests in coastal British Columbia, and, ‘while not as
productive as Black Cottonwood, it can also grow rapidly and produce wood products over a short
rotation. In many cases, naturally regenerated stands will contain both Black Cottonwood and Red
Alder. Where sufficient seed source is available, naturally regenerated Red Alder stands can usually be
established with minimum effort and expense. The proximity of Red Alder seed trees to the site should
be assessed at the pre-harvest assessment stage (Lousier 1990). Seedlings need to be exposed to moist
mineral soil to develop optimally, and this can in most cases be brought about by lightly scarifying the
soil humus during harvesting, especially with ground-based skidding systems. Where soil organic
layers are very deep, or where stands are harvested with overhead yarding systems, some form of
scarification may be needed to expose a sufficient area of suitable seedbed. As with all other
regeneration alternatives, scarification should be carried out only after carefully considering its impacts
and at the minimum level sufficient to meet the objectives of the treatment. Where natural regeneration
of Red Alder is not feasible, scarification is not advised. Regenerating Red Alder by planting creates
optimal spacing from the onset of plantation establishment.

. .

Where the management goal is to produce Red Alder pulp or firewood, natural thinning will
probably be sufficient to ensure suitable final stocking, and stand tending is not necessary. However,

--

Red Alder saw log prices are often triple that of pulp so that producing a high percentage of saw log
quality pieces is often a desirable management objective. Because Red Alder is shade intolerant (even
small changes in the light can cause a tree trunk to bend toward the highest light, reducing saw log
quality), plantation spacing must be maintained to ensure a high volume of older saw logs in a stand.
Trees at the edge of the stand will bend outwards toward the light so saw log production should be
concentrated within the stand. Production of saw log quality trees can be achieved by wide and even
spacing at an early age. For a more complete discussion of Red Alder management see Bormam
(1985) and Tarrant et al. (1983).

3.3.3 Potential impacts of hardwood management on other resources

Hardwood management is rapidly being seen as a desirable silvicultural  alternative on alluvial
floodplains. Herbicides are not usually required and, if stocking is controlled, regenerating stands will
provide good foraging habitat for a considerable period. Due to the deciduous hardwood canopies,
sub-canopy shrub communities such as Devil’s Club Oplopanax horridus can provide nutritious forage
for the entire rotation. Rapid site occupation reduces the possibility that eroded surface materials will
be released into fish-bearing streams, while hardwood canopies provide shade for regulating stream
temperatures and allocthonous nutrients for stream ecosystems. The short rotations used in managing
hardwood are also useful on alluvial floodplains because surfaces are prone to erosion, and the
probability of a silvicultural return decreases with increasing rotation length.

On the negative side, hardwood management may severely affect cavity nesting species on alluvial
floodplains in coastal British Columbia. Clearcut management systems are mandatory for regenerating
cottonwood with short rotations of 25–35 years. However, the incidence of heart rot in cottonwood
under 90 years is less than 10% (McLennan and Mamias 1992), leaving little opportunity for primary
cavity nesters to excavate nests in these stands before they are harvested. Also, regeneration
approaches that include scarification can seriously affect debris-dwelling species such as amphibians

.
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and reptiles. Scarification also exposes mineral soil, increasing the potential for siltation of fish habitat.
Managing hybrid poplars in intensive, agricultural-style plantations has a severe impact on all species

living on the sites, and is generally better suited to abandoned agricultural land, or areas with lower
biologic importance than alluvial floodplains.

4. Summary and Conclusions

Given the uniqueness and importance of alluvial ecosystems for a wide range of consumptive and
non-consumptive uses, any silvicultural  activities that do take place must consider a complex of
interacting factors to truly meet integrated resource management objectives. The traditional method of
establishing fully stocked conifer plantations is costly both ecologically and economically. Three
alternatives to the traditional approach have been described, and an attempt has been made to evaluate
their positive and negative effects on non-timber resources.

All of the alternatives present regeneration systems that follow clearcutting,  a practice which has an
immediate and devastating impact on the stand being harvested. Clearcut  harvesting and short rotations
on alluvial floodplains can reduce availability of sites for cavity nesters and associated species, reduce
availability of foraging areas for bears and ungulates, reduce biodiversity  by altering habitats of small
mammals, reptiles and amphibians, and produce potential impacts on fish habitat and water quality.
The clearcutting  impacts can be reduced if the following general recommendations are followed
(Klenner 1991):

1)

2)

3)

4)
5)

maintain buffers around special wildlife habitat features such as Bald Eagle Haliaeetus
leucocephalus  or Osprey Pandion haliaetus nests;
retain patches of live trees (conifers and hardwoods) both within and along the edge of the
block
retain hard and soft snags on green retention sites and along cutting boundaries
not endanger the work area;
retain single live trees which are windfirm  and may later become sings; and,
leave unmerchantable pieces on the ground to create downed woody debris.

where they do

By carrying out these recommendations it should be possible to maintain habitat values while
growing forest-crops over most of the floodplain being managed.

Management of alluvial sites also differs from other sites because alluvial sites have the potential to
be eroded. If this happens during the projected rotation then silvicultural  investment will be lost.
Beaudry et al. (1990) have developed methods for assessing the risk involved in a given situation.

The regeneration alternatives presented in this paper specifically address stand level impacts and
approaches to forest management on alluvial floodplains. Clearly, proper integrated resource
management must consider the activities on any one site in the context of the entire watershed. As
stated previously, alluvial stands were often the first to be cut in a watershed, and, because of their
high timber value, have in most cases already been heavily logged. This may preclude any further
harvesting of old growth alluvial stands within a given watershed. Most coastal watersheds, however,
will contain a number of harvested alluvial  sites which are dominated by hardwoods or are not
sufficiently restocked. It is on these sites that the alternatives described in this report may be the most
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relevant. Applications may range from commercial objectives such as establishing cottonwood or
coniferous plantations, to re-establishing ‘natural’ ecosystem processes using the nurse tree shelterwood
approach. In all cases, stand regeneration must be considered in the context of the habitat
characteristics of adjacent stands, and in light of how these relationships will change over the rotation.
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-. Riparian habitat problem analysis

Fred Nuszdorfer

(transcription of talk)

1. Introduction

A problem analysis of integrated resource management of riparian areas in British Columbia was
initiated in 1990 because the state of knowledge concerning these systems was unclear. It was apparent
that the existing knowledge was not being adequately disseminated and that gaps in knowledge were not
defined. In dealing with riparian areas, this limited the ability of land managers to make informed
decisions, operators to minimize impacts, scientists to carry out research and educators to provide
extension services to land managers and others.

Since resource ministries’ staff were not available to carry out a comprehensive riparian analysis,
the British Columbia Ministry of Forests and Ministry of Environment, Lands and Parks contracted
ESSA Ltd. to:

1)
2)
3)
4)

define riparian;
summarize laws, policy, regulations, guidelines and management practices;
identify classification and inventory systems; and
describe the status of research.

The project focused on British Columbia, Alaska, Washington and Oregon. Although desirable, a
broader scope was not possible due to limbed time and funds. In addition to specific recommendations
about the subjects listed above, ESSA was also to identify future directions.

2. Process

The contractor collected information in a variety of ways: firstly, documents were obtained from
published sources, individuals and government agencies; secondly, a questionnaire was distributed to
individuals in the Ministry of Forests, Ministry of Environment, Lands and Parks, other government
agencies, non-government agencies and industry who dealt with riparian areas or had an interest in
them; thirdly, individuals known for their management, scientific, or other expertise were interviewed
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by telephone; and finally, a meeting of around 40 riparian experts and managers was held at the
University of British Columbia to review previously obtained information, identify knowledge gaps and
management practices and to make recommendations.

There were four major contributors to report preparation: P. Bunnell, S. Rautio, C. Fletcher, and
A. Van Woudenberg. A summary report of the riparian problem analysis has been published (Rautio
and Bunnell, 1994) and a database is available in COMB . The database provides literature citations,
short abstracts and summaries of information obtained during the telephone interviews.

3 .  Definition

ESSA recommended that riparian  be defined as “the land adjacent to the normal high water line in
a stream, river, lake, or pond and extending to the portion of land that is influenced by the presence of
the adjacent ponded or channelled water. ”

4. Legislation and management

Legislation in British Columbia generally enables activities which have varying levels of impact
upon the riparian  habitat. It also provides for enforcement if the permitted levels are exceeded. ESSA
identified the need for consistency among the acts that potentially impact riparian habitat and values as
well as the need for more specific legislation which deals with activities that are permitted and not
permitted. The legislation’s objective should be to establish sustainable limbs of riparian habitat use. It
was suggested that effective positive incentives for compliance with legislation would be preferable to
penalties.

—

ESSA pointed out that because current analyses do not deal adequately with non-monetary values,
.

they lack the information necessary for evaluating the various options for using or protecting riparian
habitats. New ways are needed for establishing all values in analyses and for evaluating options.
Cumulative effects analysis is a priority. Social research to identify how people perceive and interact

9

with riparian  areas is also needed.

The report noted that riparian habitat management would be substantially improved by initiating
comprehensive land management zoning which balances the increasing and often conflicting resource
demands with the ability of riparian and other habitats to provide them sustainably This zoning would
have to be coupled with adaptive management both because of changing societal values and because of
increasing knowledge about how systems respond to management. Both broad and specific multi-
interest processes were recommended. Such comprehensive approaches are preferable to site-focused
ones because when sites are no longer dealt with individually, there are fewer precluded options caused
by decisions made previously about neighboring sites.

On the subject of integrated ecosystem management, it was recognized that goals and objectives are
required for all resource values within a land unit identified as the riparian management zone. This
zone would include both riparian  and non-riparian  habitats. Non-riparian  habitats would include

1 contact Phil Comeau at Ministry of Forests Research Branch, 1450 Government Street, Victoria, B. C..
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wetlands and buffers that extend into upland areas. Restrictions on activities would increase as one
came closer to the riparian area and to the water body. ESSA proposed that minimum provincial
standards be set but that higher standards should be promoted on a site-specific basis where conditions
require them In some situations, e.g. where there is a substantial wind throw hazard, a buffer beyond
the riparian management zone might be needed.

5. Inventory and classification

ESSA was not able to recommend inventory and classification systems because several of the
agencies involved have their own information needs and data collection history. ESSA did recommend
forming a committee consisting of those lead agencies with riparian  responsibilities and interests to
develop holistic inventory and classification systems. These systems would include values as well as
biological and physical properties. It was proposed that, whenever possible, existing systems should be
used or adapted. In addition, existing information should be collated and published,

6. Research

b.
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Major gaps in our knowledge exist about the effects of management on riparian habitats. There is a
need for baseline, systems-oriented research. Impacts that must be quantified include the effect of
historic forest management and major dams on riparian habitats. The authors recommended that the
research needs identified in the UBC workshop be clarified and priorized and that both regional and
provincial research programs be developed. They recommended that research in riparian areas be done
by a consortium of cooperators from among the numerous agencies that are involved, rather than by
individuals operating in an uncoordinated fashion.

7. Extension

ESSA made three points in relation to extension and education needs. The existing program of
offering courses through continuing education which deal with riparian  habitat management definitely
must be maintained. Field training must be expanded. Public and student education must also be
enhanced so that future operations and decisions about riparian areas are improved.

8. General

ESSA proposed that an individual or group act as “secretariat” to coordinate implementation of
accepted recommendations arising from the riparian habitat problem analysis. An increase in resource
agency staffing was also seen as essential to increasing riparian habitat management. There has already
been a start in the latter direction. Since ESSA completed their report, the Ministry of Environment,
Lands and Parks has hired resource specialists in many areas of the province.

9. Literature Cited
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QUESTIONS AND DISCUSSION

There was a noticeable contrast between what Rob Thornson said and what the ESSA report says
about combining the wetlands and the riparian definitions. I’m concerned about  the section on
page five that talks about forested wetlands and then dumps on swamps and bogs. I thii it’s
another coast-bias that says those guys there with their little swamps aren’t as worthwhile as
our real streams! Actually, what Rob’s group did say was that classical riparian  areas and
wetlands were much the same thing and I think that’s the realistic answer for the interior. I
have no idea about the coast. I’m really worried. I don’t want you to change the definition of
riparian  area but any solution that is proposed for dealing with riparian management should
include the wetland,

A: That’s a good point and I think we need to clarify that concept. What we call these areas is
important. The information in this problem analysis should not be taken to imply that fens,
marshes, bogs and other wetlands are not critical to maintaining biodiversity. But, I think it’s
important that if people already have a sense of what riparian means, that we don’t change the
definition. I know the draft Forest Practices Code has Special Management Areas to deal with
riparian  areas and wetlands.

Q: My point was not that the definition has to be changed, but that the management issues are very
much the same and that separating the problem into two components doesn’t help. This was
demonstrated in the Interior Fish/Wildlife Forestry Guidelines, where they put them together.
I’m concerned that the ESSA draft document adds to the separation problem.

A: That’s something that the groups should discuss. They could propose a way of dealing with this.

Q: I wonder if you’d like to comment on the need for a separate problem analysis for riparian  areas
that are on private as opposed to public land. It seems to me that so many recommendations
and some of the things that we’ve talked about seem much more focused on Crown Land than
on private riparian  areas.

A: ESSA does recognize the role of the private landowner in riparian  management. Although the
problem analysis is fairly general, ESSA tried to review the whole gamut of stakeholders
during their problem analysis.

Q: I was thinking along the lines of the integrated management approach in particular,

A: That’s where you can use things like cooperative management agreements. If you have a number of
these private owners involved in activities like round tables, it can go a long way to protecting
riparian values. It came up yesterday—it’s not that the ranchers are deliberately impacting the
reptiles or the amphibians, it’s that they don’t know that they’re doing it. If we target the
education program to them as well, in many cases they will voluntarily change their practices.

—

.
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Q: I’m quite concerned when I read your opening page one, “Importance of Riparian Ecosystems”, the
fourth paragraph. ESSA has only one other habitat-winter range is referred to as being a key
concern for the province’s wildlife species, when there are actually about 10 or 12 key habitats
listed in the wildlife discussion paper for 2001. Many of these are non-forested habitats. I am
concerned that there was not sufficient review of the problem analysis within BC Environment.

Also, there has been considerable good work on riparian habitat in the South Okanagan, e.g.
fencing around ponds to restrict access by cattle to certain areas. This work was not listed in
ESSA’S bibliography; but it should have been. When is your deadline for comments?

A: ESSA would not have had access to the South Okanagan  information when they did the problem
analysis. The intention is to send the report to the publisher in the next week.

Q: The Wildlife Discussion Paper has been out for quite some time. The South Okanagan strategy is
dated November 1990 but was released in January of 1991.

A: We would not have had access to that. 1’11 talk to you later about it. Any input that you can provide
will be appreciated.
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