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Summary

T. Kaffanke Consulting Ltd. was contracted in 2@dbindertake a reconnaissance of several
stream systems tributary to the Nechako Riveh@Stuart Nechako Resource District, that
have a history of beaver colonization. The pringogl was to identify areas where vegetation
in the adjacent upland areas no longer supportgebealonies, and where appropriate, develop
prescriptions to promote restoration of suitablgetation (mainly aspen). A secondary
consideration was current management practicapanian areas and whether harvest and
silviculture could be used to manage for beavérshort, by explicitly reserving certain
streamside stands from disturbance, and by remaspgn from plantations within a critical
distance of those streams, current practices t® tiit promote the habitat needs of this keystone
species. Fortunately, effective changes in prastreeed not be expensive or in complete
opposition to the concept of streamside reserves.

This report briefly describes the type of streastem of interest, reviews ecosystem services
provided by beavers, their habitat requirementsirsarizes some observations from the
reconnaissance, considers the apparent effectgm@int management practices, and offers
thoughts on alternative practices that more closetyic the natural cycle of vegetation
development crucial to their presence in the laapgsc Without resorting to a deep or extensive
literature review, it is meant to foster a discassamongst managers towards practices that will
help assure the long term benefits of having besaaetive in the landscape.

Streams of Interest

The Stuart Nechako Resource District, like mucthefcentral interior of British Columbia, has
numerous low gradient streams with a long histdyeaver activity. These streams often occur
in basins with a broad, relatively flat bottom, garg from tens to several hundred metres wide,
and a distinct margin between the bottom (whethewob flooded) and the adjacent upland
which is not subject to flooding. Evidence of beaactivity is in numerous dams that span the
bottom, and their associated ponds. The pondsbmalyained or “brimful” with the top of the
dam, or at any level between depending on the tondif the dams. These features are easily
identified in the 50 cm/pixel orthophotography, andre subtle remains are also identifiable in
stereo examinations of the original 30 cm/pixelagrhotos. Streams of interest were selected
for field reconnaissance based on these featuitsiive further condition that they flow directly
into the Nechako River upstream of Vanderhoof, tiedreaches occur on Crown land. The
following figures illustrate the ease with whicleie systems can be identified.

Figure 1 shows a stream reach with four long-abaedpdeeply breached dams with only
remnants of the ponds remaining. Often, these aatponds are a linear feature on the
upstream side of the dam and persist only becéieyenere excavated by beavers to provide
earth to seal the dam. In this example, the drdewan ponds, referred to as “beaver meadows”,
are about 50 m wide.
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Figure 1. Four abandoned and breached dams (Westkduk Creek), highlighted with yellow lines, appgathis image.
Three of the dams have remnants of their formedpammediately upstream.

In Figure 2, the solid yellow lines indicate confed dam locations, and the dashed lines are
inferred. The left half of the image shows pondkibd actively maintained dams, while the
right half shows where abandoned, breached daneslbesered pond levels.
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Figure 2. Both active and abandoned dams appeérigimage (Nine Mile Creek). Solid lines are foaned dam locations,
dashed are inferred. Pond width is about 50 m gifRnhost dam restored since the image was madelia. PO



Figure 3 shows three old abandoned and breaches dai@utoff Creek. The longest of these is
approximately 200 m long.

Figure 3. Three old abandoned and breached dam#fCCreek). The longest is about 200 m longe dtortest is across a
tributary of the larger channel.

Ecosystem Services Provided by Beaver Dams — Why they are an
important feature of the landscape

The literature regarding beavers is rich and exdératk over 100 years. No attempt to review
this literature is made here, as this has beemtigagone in a comprehensive, freely available,
downloadable document by Polloekal,2015 entitled “The Beaver Restoration Guidebook”
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The guidebook was written for an audience includivey“restoration practitioner, land manager,
landowner, restoration funder, project developegutator, or other interested cooperator”.
Many of the publications it cites can be obtaine@DF format, and it also includes a list of
website URLs as further resources. (see link uniiations.)

Beaver dams perform a range of ecosystem sernvieesodhe effects they have on physical and
biological processes. They are described in tlowalkdescribed Polloost al, 2015, from which

the following greatly condensed points are extictidote that these effects are very much inter-
related, and that one positive effect is oftendéwese of another.

Increased Water Retention and Base Flows

By impounding water in ponds, beavers increaseegiglence period in a watershed.
Coupled with a change in the timing of its reledBis can increase base flows. The
decline or destruction of beaver dams has beemadaséo change some perennial
streams to intermittent ones, and the restorati@ams has been observed to change
some intermittent streams to perennial flow.

Slightly losing streams (those where water entettregsubsurface does not return to the
channel) have been changed to gaining streamselngstoration of beaver dams.
Slower stream velocities, lateral spreading ancemeed areas of saturation increase the
total amount of water, including subsurface, inatesshed.

The negative effects of increased drought frequamclreduced snow packs can be
mitigated by the water stored behind beaver dams.

Decreased Peak Flows

Peak flood levels are reduced by beaver dams binneg) water in ponds and in the
subsurface and releasing it over a longer period.

Reduction in peak flows reduces erosive energyethereducing sediment deposition
downstream.

The complicated flow path through multiple smalaohels that typically exist below
beaver dams also dissipates the erosive energgiatssbwith peak flows.

Expansion of Habitat Area and Complexity

Beaver dams convert moving-water environmentsantombination of moving- and
slow-water habitats with a greater amount of rigaiand wetland habitats.
Colonization, abandonment, and recolonizationragirlar intervals leads to
heterogeneity in habitats along the stream witlslamosaic of wetland types of widely
ranging ages and stages of succession.

The resulting complex system is more resilientisbudbance, particularly from the
extremes of flooding and drought.

Increased Wetland Area

By raising the surface water level, beaver pondsefavater flow laterally. Water
spreads over banks, and also around the damsamt@imannels, creating a complex
network of channels and wetlands.



Increased Groundwater Recharge

- Overbank flooding is generally thought to be themiydrologic mechanism for
recharging groundwater in riparian areas. Beawgar obnpoundments flood these areas
for long periods of time, resulting in sustainedharge.

- Hydraulic head due to dam height forces water théostreambed and banks, and can
promote lateral flows of groundwater around the @ent eventually back into the
channel further downstream, and at a later timerélny increasing residence time and
base flow).

- Both groundwater storage and aquifer rechargenareased due to beaver dams, and this
is increasingly important where climate changesducing water availability or where
groundwater is used faster than it is replenished.

- Groundwater is not subject to the evapotranspimdteses of surface water.

Sediment Retention

- By increasing water depth, slowing velocity, andréasing flow energy, beaver dams
promote sediment deposition. The amount of sedimenosited in beaver ponds is
strongly related to the surface area of the pond.

- Beaver dams can affect the transport rate of hagpended and bedload sediments and
act as long term sinks. Even when the dams onl sinehms are breached after
abandonment, most of the sediment can remain ipdhd area (beaver meadow), with
channel avulsion occurring in the immediate aretheforeach.

- The amount of sediment capture can be impressidehas been expressed in various
ways in different studies: 63% of suspended sewdlirng 10 dams during peak flow; 78
tons in a single snowmelt period behind four dab®g7 cubic yards stored behind 22
dams in a 620 m length of stream.

Temperature Moderation

- Maximum summer temperature is often the limitingtda for fish habitat, so riparian
vegetation management practices are often aimpobedcting streamside vegetation to
promote shading and thereby minimize summer stteamperature increases. Although
the surface waters of beaver impoundments receore solar radiation than flowing
stream reaches, and therefore may warm consideddxyps ponds usually remain
stratified, with cool water at depth. Cooler watetow dams has been reported, and the
mechanism for this includes hyporheic (subsurfazame of sediment and porous space
adjacent to a stream through which stream watelilyeaxchanges) upwelling from the
earlier-discussed groundwater recharge.

- Large ponds tend to dampen temperature fluctuations

Nutrient Cycling

- The feeding habits of beavers and their physicatation of the environment affect
biogeochemical cycling and the accumulation ofieats in soils, sediment and water.

- Beaver ponds trap large amounts of organic andyaroc debris that would normally be
transported downstream.



- When dams are abandoned and water levels subsodeciine, exposing these
sediments, the return of aerobic conditions releasgrients in a form available to
vegetation, allowing dense and rapidly growing camites.

Contaminants
- By increasing the residence time of water in aesystand through a variety of
mechanisms including deposition, microbial decontpmrg uptake by plants, chemical
transformation augmented by filtering, and adsorpto trapped clay particles, beaver
ponds and wetlands act as sinks for nutrients @xidg that would otherwise stimulate
the growth of algae, other plants, and bacterign&rrdownstream.

Geomorphology

- Channel incision is a widespread phenomenon thrmutghe world that causes
ecosystem degradation through disconnection oftileam from its floodplain, lower
groundwater tables, loss of wetlands, decreasednsuriow flows, higher stream
temperatures, less overall habitat diversity, twfssparian areas, and population declines
in fish and other aquatic organisms. Beaver daangeduce the rate of channel incision
and even reverse it in degraded streams.

- Sediments trapped behind beaver dams cause stréagbeadation in the affected
reaches; the same sediments are therefore undeditatbownstream locations where
they may be less desirable.

Vegetation

- The obvious effect of beaver dams is that ripaaiat emergent vegetation develop to
dominate where there used to be upland shrubsreesl t This vegetation further reduces
flow velocities and increases rates of sedimemdtigyond what the dam itself causes.

- After abandonment and dam breaching, the newly saghgediments in the beaver
meadow offer rich growing conditions, and the pitegresses through successional
stages from young and wet to old and moist plantroanities.

- Due to varying dates of meadow creation followimgdzhing, and their subsequent
recolonization by beavers, the system of damsstream creates a complex of wetland
communities whose composition and structure vacestributing to landscape level
heterogeneity.

Primary Productivity and Aquatic Invertebrates
- Creation of a beaver pond starts a chain of efféetginning with an increase in organic
nutrients and by allowing more sunlight to reachrergurface water to power
photosynthesis by various primary producers.
- Secondary producers - varied micro- and macro tebeates - flourish with the increase
in primary production. These form the base offtoel web that fish rely on when
rearing or overwintering in beaver ponds.

Fish
- There are commonly held views that beaver pondsbkom interfere with fish habitat,
especially the notion that dams act as barriepagsage. One review of the literature
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showed that positive effects of dams were morendstgoported by data, and that
negative impacts are more often speculative, ahduqported by field data.

Beaver ponds slow the flow of water, reducing thergy expended by foraging fish.
They also increase the amount of aquatic invertebrand provide high edge to area
ratios that increase cover for fish. The resulb& fish found in stream reaches that have
beaver dams are both larger and more numeroudigiefound in streams lacking slow
water habitat.

Overwintering habitat has been identified as tlogpction bottleneck for Coho salmon
in at least one stream system, and that incre&d&ager populations would effectively
mitigate this loss of productivity. Other salmosjaecies have also been identified as
benefitting from beaver dams.

Amphibians

Beaver ponds provide important breeding habitaséone amphibians, for example, the
blue-listed Western ToadBeaver dams increase the amount of surface \aater
retention times within their catchments, and thaésymeduce egg and hatchling larvae’s
susceptibility to desiccation.

Reptiles

Birds

Painted turtles use beaver ponds. As climate éaaogtinues to warm the central
interior of BC, the range of these animals may mowehward, and beaver ponds will
continue to be a feature of their habitat.

Snakes are commonly found near beaver ponds. tBetbtommon garter snake and the
wandering garter snake occur in central BC.

Older ponds tend to attract more reptiles than geuponds do, pointing to the
importance of having a range of seral conditionhenlandscape.

Beaver impoundments create habitat for waterfowll rmany other bird species.

Breeding hens and their broods rely on the praachcalcium rich food supplies
provided by the numerous species of aquatic indeatsd in beaver ponds, as well as the
cover provided by riparian and emergent vegetation.

Drowned trees attract woodpeckers and providemgebtbitat for many bird species.
Beaver ponds offer habitat to a hugely dispropogte number of wildlife species
compared to the area of landscape they occupy.

Habitat Requirements of Dam-building Beaver

Again, the reader is referred to Pollagtkal, 2015 for a thorough review of beaver habitat
requirements.

Although there are beavers that do not build dams,document is concerned with those that
occupy small and medium sized streams, buildingsd@nalter the local environment for their
benefit. Their preferred habitat is low gradieineams (typically less than 6%, but more



commonly only 1-2%) in unconfined valleys, but thveijl build dams almost anywhere that
additional water can be retained. For examplegptliket of a lake may be chosen for a dam site,
thereby deepening the water in any associated meitland improving the access to adjacent
uplands.

The streams must also have riparian areas thaticortgetation for food and construction
material for dams and lodges. Their preferred mat®r building and food, especially for
winter stores, are trees and shrubs of the geopsilusandSalix. Specifically, aspen,
cottonwood, and various willow species are preterre

Beaver are herbivores that consume a wide varighleots. They eat leaves, twigs and bark of
most types of woody plants (generally avoiding &ensi), as well as a wide range of herbaceous
plants, including sedges, grasses and aquaticsaich as water lilies and cattails. In

preparation for winter, when their ponds freeze lamdbaceous species become unavailable, they
store aspen, cottonwood, and willows in cachescadjato their lodges. These caches are often
visible as a raft of woody stems frozen into thes with most of the material accessible from
below. They swim underwater from their lodge to @ad retrieve pieces from which they
consume the bark.

Beaver prefer to cut smaller aspen, generallytlesms 10 cm in diameter, but as the supply of the
preferred size is depleted, they will cut fully gmotrees and use the limbs and smaller diameter
parts of the stem.

Some observations of tree use by beaver in the Stuart Nechako Resource District

- A seeming necessity for aspen within 100 m of thvedomargin, but less if terrain makes
exploitation of it too difficult. Abandoned dam®we almost always associated with a
complete lack of aspen in this zone, but old stuoqudd be found within the remaining
conifer forest or open area. Even when willow@sntiful and large, if no aspen is
present the site is less likely to support an actiwlony than if aspen is present.

- When aspen were absent and willow very sparsea betiver colony persisted in the
basin, there was generally also plentiful cattathe pond.

- Beaver will go to great lengths to cut the lastaernng aspen within 200 m of the pond.
For example, in one generally aspen-depleted basmall group of aspen was found 70
m into the upland, within a dense spruce stance stém was felled and hauled to the
water, whereupon it was conveyed at least anotb@mn? and across five dams to the
presumed lodge location (inaccessible due to thenéwf flooding).

- Beaver recolonized an abandoned stream system \&bhpes had not recovered from the
previous depletion. Instead, they were cuttingeadpom the same cohort that the earlier
colony used, but deeper into the upland than tHeeeaolony was willing to use.

- Almost all caches observed were capped with willpet,the onshore evidence indicated
that aspen had been felled and moved into the ptingl.concluded that the beaver
preferentially place the aspen deeper in the catteze more of it can be recovered
during the winter, with the willow available latem, not consumed.

- There is often a distinct line in the upland nexah abandoned site beyond which large
aspen are plentiful, but only old stumps are preskeser to the pond margin. Suckers
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generally do not occur if the stand is dense cosif&Vhere the stand is open, aspen
suckers have often been browsed concurrently viathisspecies.

- Alder is commonly used to build dams, and most gware found close to dams, but it
does not appear to be a preferred food speciest M@ndoned sites have much alder
present in easily accessible locations.

- Occasionally, small spruce and pine stumps (befalled) were found in abandoned
systems.

- Birch was being felled on the upland of a recerglyolonized site where aspen was
absent and willow was plentiful in the pond, bu fstems were being cut.

- Beaver will explore long distances from their lodgfctive beaver slides, trails, and
evidence of feeding on both herbaceous and finewistems on the crests of old dams
was observed. Often, a few small willows will ha and placed in a breach, raising
water levels enough to improve their safety orcefficy when later passing through the
same area.

- When recolonizing a reach where there were no ldegeduous stems available to repair
dams, beaver used small willows and salvaged ofs Istems from elsewhere (possibly
waterlogged, sunken aspen left by the previousng)as well as root wads, rocks, and
logging debris from nearby cut blocks, to fill theeaches.

- Exploring beavers cut small diameter willows and@y deposited them into the
channel. The next freshet is likely to transpbent downstream to where a breach repair
has been started and they are likely to hang tipermanner of a small log jam.

- Beavers used aspen growing on any site from hygrstibxeric, as long as stems and
branches could be dragged to the water.

- The extent of expected flooding after recolonizai®generally very predictable based
on the height of abandoned dams and the locatitimeainargin of the beaver meadow.
Wherever “nuisance” flooding or felling of plantatis was observed, it coincided with
planting in historically used beaver meadows, dhwiadequately protected culverts at
crossings of streams that beaver would colonize.

Quantifying the Systematic Depletion of Aspen near Beaver Ponds

The depletion and lack of recruitment of asperhaupland areas within approximately 100 m

of beaver ponds and meadows was a recurring oligerhuring the reconnaissance of streams
in the Vanderhoof District. It is clear that in st@ases, long ago, there had been a stand-
replacing fire that had burned to the edge of tedamd and that aspen had been a component of
the initial stand. Beaver exploited the aspenussofor dam building and winter food stores.
Suckering has not replaced these trees. Thisherdiecause the conditions under the remaining
coniferous stand were not conducive, or becaussateg cutting by beaver or browsing so
depleted their reserves that they died. By conttiasre is often a significant component of live,
mature aspen just outside this zone.

Stereo pairs of the 2012 digital aerial photograykeye examined for two stream reaches with a
history of beaver dam building. All interpretegpas crowns, whether single or in clones, that
occurred within 125 m of the wetland margin werdinad. Buffer strips paralleling the margin
were set at distances of 20, 50, 75, 100 and 1#6mthe margin and the intersection of these
buffers with the aspen outlines was determineduré 4 illustrates the concept as applied to a
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portion of one of the reaches. The extent of depias readily apparent along the north margin,
as is the low water level in the abandoned ponds.

The percentage of the area of each buffer occupeaspen crown was then charted (Figures 5
and 6). The aspen component rises continuousty fess than 1% crown cover in the first 20 m
to approximately 9% and 19%, respectively, at 185+ distance.

Figure 4. Aspen clones outlined and colored inupkand areas adjacent to an unnamed tributary o§sback Creek. Buffers
on the wetland margins are at 20, 50, 75, 100, B2l m.

Aspen Content Next to Beaver Wetland Margin Aspen Content Next to Beaver Wetland Margin
of a 4.5 km Reach of Tahultzu Creek of a 5.2 km Reach of an Unnamed Tributary of Hogsback
10 Creak
-
g 9 20
e %15
= B =
8 s g
T4 1
‘5 2 g 5
s . E
&gl mmm g o =
=20 250 SlEZS =0 100:125 2 0-20 20-50 50-75 75-100 100-125
Distance from Margin [m) Distancefrom Margin (m)
Figure 5. This reach of Tahultzu Creek is located Figure 6. This reach of the unnamed tributary istieam of
downstream of the 1100 Road Bridge and upstreawhefe  where it crosses the Blackwater Road, near the I8l&mad
this stream enters private land. junction, and along the north foot of Sinkut Mounta

Recovery from Aspen Depletion

In an unmanaged state, a wildfire would eventualign through all or parts of these upland
areas. Depending on a number of factors, inclutliedength of time since the previous
disturbance and the severity and extent of the tire root systems of the presently live aspen,
which extend towards the wetland margin, would suelnd the cycle of growth and
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exploitation by beaver would repeat. This effeaswbserved along the wetland margins of
Cutoff Creek, where the 2004 Kenney Dam Fire buthedupland to the wetland edge.

Figure 7 illustrates an example from the Kenney Bama where aspen suckers originating from
large dead stems upslope are present about 12fddimthe wetland margin. They are heavily
browsed near the water, but 15 m upslope many éssa@ped browsing. All but one of the large
old stems are near the first slope break. Thisalswauch about the regenerative potential for
many other areas where live large aspen are onlydfa long distance upslope. Figure 8 shows
the downslope density of non-browsed aspen suakéhe vicinity of two large, fire-killed

stems. Elsewhere, dense clones were present witlkarby aspen snags, which may have fallen
since the fire, or may indicate suckering from dmedidual understory stems sometimes found
amongst conifers.

[ P

Figure 7. Aspen sucks occur to within 12-15 mwetland Figure 8. Two large aspen killed in the Kenney Drire
margin, well downslope of the mature stems thaewéled are the source of a large area of suckers, not lsexly and
by the Kenney Dam Fire. within easy distance of water if the adjacent ptaetl is
raised.

By 2015, beavers had begun to recolonize this amdavere exploiting the largest of the suckers
originating from the fire. It should also be notédt this fire was a landscape level event that
abruptly altered the vegetation over a large afeaonsequence of this scale of event is that
while browsing by moose does occur on aspen suckesy stems escape browsing to grow
beyond shrub size, eventually suitable for explmitaby beaver.
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It is clear that the species composition and camdivf the uplands adjacent to streams that
support beavers strongly affects how they in tafluence the wetland ecosystems. Large
landscape level disturbances in the form of figgwenate the vegetation that is necessary for
their survival. This is consistent with the concepecosystems with frequent stand initiating
events, which are the dominant Natural Disturbangee in the Stuart Nechako Resource
District (BC MOF and BC MELP 1995).

Current Timber Harvesting Practices

A common harvesting practice includes the retentiolarge, mature aspen wherever it is safe or
operationally expedient to leave them standingesghprovide the benefit of tall vertical

structure (e.g. roosting or nesting sites) in thiehdock, and also tend to reduce the amount and
vigour of suckering, a concern of silviculturists.

Although large wildfires continue to occur des@tgpression attempts, forest harvesting is the
main agent of stand replacing disturbance on thesieape in the Stuart Nechako Resource
District. Harvested sites are generally replantét native coniferous species, and where there
is significant competition from other species sashaspen, brushing is often undertaken.

The stream and wetland combination that occur wheewers are active are typically classified
as S3 or S2, and W1 or W5 (Forest Planning andiPeadRegulation [FPPR], BC Reg

14/2004), though other classes also apply. Theseever, require retention of a reserve zone,
as well as consideration of windfall potential artder values, so it is common that 25% or more
of the adjacent riparian management zone is atamezl. These reserved areas are considered
part of stand level retention, with the effect ohcentrating retention in areas that wildfires
would not necessarily have skipped over. No caraiibn is given to the fire history of the
reserved areas. Even without considering the FBp&ational constraints imposed by steep
slopes would often result in strips of timber befatained next to these streams. Viewed over
short time spans, these practices are consistémERIPR Section &bjectives set by
government for water, fish, wildlife and biodiveéyswithin riparian areaswhich states:

The objective set by government for water, fistglii@ and biodiversity within riparian
areas is, without unduly reducing the supply ob@mfrom British Columbia's forests, to
conserve, at the landscape level, the water qudigi habitat, wildlife habitat and
biodiversity associated with those riparian areas.

A longer term view of simply excluding disturbarfoem these sites (and including practices
that suppress aspen regeneration) is that it israption of a natural process that is vital to the
health and functioning of the riparian/aquatic egst Current management practices have the
effect of retaining the species composition of kdeal stages in a significant part of the
landscape where such a “locking in” is detrimetdahe long term functioning of the adjacent
aguatic system.
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Alternate Practices to Consider

In many cases, terrain considerations will prevemtesting as the disturbance agent in areas
immediately adjacent to beaver pond systems, régssdf what regulation or other policy
prescribes. Therefore, the retention of ripari@nezvertical structure immediately following
harvest is assured for at least some portion Gktlageas.

Elsewhere, managers have an opportunity to recengidether a blanket retention policy is
appropriate. This is not to suggest that reterglwould not be a part of riparian areas practices,
but rather that activities be guided by a comborabf factors to be considered together.
Managers might ask:

- Is the harvest area adjacent to a stream withricdteaver activity?

- If the above is true, what does field reconnaissariche zone where beavers typically
harvest aspen indicate about the potential forraspekering?

- Are there old beaver-felled aspen stumps in thegsed harvest area, or closer than 20
m to the pond margin?

- Is there a clear line beyond which mature aspepr@sent, but where no difference in
site series or previous stand initiation eventdarp the absence of aspen closer to the
stream?

- Are there stands adjacent to the pond margin tlagtlve fire remnants, with a low aspen
potential, which are wider than the standard raenwtidth, and which could be reserved
in lieu of higher aspen potential sites?

- Could a reserved area be control burned shortty &firvest, with the intent of also
blackening soils in the harvest area within 100frthe margin, prior to reforestation?

- What is the likelihood that suckers will be heawlpwsed by moose and unable to attain
a size that beaver will use? Can scale of dishabde set to reduce this possibility?

The answers to these questions should lead to $targdayout and a site plan that considers
burning of reserved stands and portions of cutihldiscusses brushing restrictions, and thereby
explicitly favors the development of aspen for biemefit of the adjacent aquatic system.
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