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Editorial

Disturbing the ecosystem, albeit in small ways, provides experiment-
al opportunity for ecologists but raises questions about ecological re-
generation.  The paper by Treberg and Turkington in this issue reports 
some simple and hopefully valuable information for those who wish to 
remove individual species from an experimental plot and to germinate 
wild collected seed to study potential for regeneration.  Much is already 
well known among plant growers, but it was apparent during the peer 
review that what some take as common knowledge is not as widely 
known as experts have come to assume.  Choice of  removal method, 
with or without herbicide, must consider long-term impact to ensure 
that the research stays within ethical limits and requires determination 
of  effectiveness.  The paper reminds us of  the need to consider local 
circumstances.

The paper by Waters et al. reports a natural situation that is inherent-
ly less scientifically 'controllable'.  Relatively regular events, such as the 
annual flooding of  the Red River in Manitoba, present real challenges 
for ecological interpretation.  The best laid plans to study 'before and 
after' conditions inevitably miss the demands of  the so-called 'scientific 
method' and the comparative observations are critical.  Even in the con-
trolled world of  botanical gardens, unpredictable natural disasters leave 
us relying on well kept records to understand the consequences of  small 
and massive changes in our biological surroundings.  

Much ecological understanding in both wild and controlled systems 
depends on long-term studies where results are accumulated and in-
terpreted as time passes.  Careful and rigorous recording is essential 
whether by academics and members of  natural history societies who 
describe ecological change, or by horticulturists whose collections have 
thrived as a result of  expertise in growing plants in variously controlled 
gardens.   It is increasingly important for these results to be submit-
ted for peer review and publication, so that we can add to and expand 
the strong observational history upon which our understanding of  bio-
diversity rests. 
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How to grow, propagate and kill  
some of the native plants in the  

Kluane region, southwestern Yukon

Abstract
During over 15 years of  plant ecological research in the 

Kluane region of  southwestern Yukon, our studies required 
us to grow, propagate, and sometimes kill, native plants for 
experimental purposes.  Here we present observations on 
germinating, growing, propagating and transplanting some 
of  the common native plant species in the Kluane region.

Key words: boreal forest, germination, propagation, trans-
plants, understorey.

The plants and the study area
In 1990 the decision was made to concentrate a number of  

plant ecological studies in one relatively small area of  boreal 
forest understorey vegetation in southwestern Yukon.  Since then, 
seven M.Sc. and three Ph.D. programs have been completed.  The 
area, described by Turkington et al. (1998, 2001) and Krebs et al. 
(2001), is near Kluane Lake in the Shakwak Trench, a wide glacial 
valley in the rain shadow of  the St. Elias Mountains (Figure 1).  
The area receives a mean annual precipitation of  ca. 230 mm, 
mostly falling as rain during the summer months, but including 
an average annual snowfall of  about 100 cm.  The region is a 
closed-to-open spruce forest community and the dominant tree 
is Picea glauca (Moench) Voss (white spruce), interspersed with 
stands of  Populus tremuloides Michx. (trembling aspen)  and Populus 
balsamifera L. subsp. balsamifera (balsam poplar).  The understorey 

Im
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is dominated by Salix glauca L.,  S. myrtillifolia Anderss. and S. 
reticulata L. subsp. reticulata (shrub willows) (Figure 2), Betula gland-
ulosa Michx. (dwarf  birch), Shepherdia canadensis (L.) Nutt. (soap-
berry), and a well developed ground layer, chiefly Lupinus arcticus 
Wats. (arctic lupine)(Figure 3), Festuca altaica Trin. (northern rough 
fescue), Linnaea borealis L. subsp. americana (Forbes) Hultén var. 
americana (Forbes) Rehd. (twinflower), Arctostaphylos uva-ursi (L.) 
Spreng. (bearberry), Mertensia paniculata (Ait.) G. Don var. panicu-
lata (bluebell)(Figure 4), Achillea millefolium L. subsp. borealis (Bong.) 
Breitung (yarrow), Epilobium angustifolium L. (fireweed) (Figure 5),  
Senecio lugens Richards. (groundsel), Anemone parviflora Michx. 
(anemone) and Solidago multiradiata Ait. (goldenrod).  Other less 
common species include Agrostis scabra Willd. var. scabra (rough 
hair grass), Anenome multifida Poir. (cut-leaf  anemone), Artemisia 
norvegica Fries subsp. saxatilis (Bess. Ex Hook.) Hall & Clem. 
(wormwood or sage), Carex sp. (sedge), Danthonia intermedia Vasey 
(timber oat grass), Delphinium glaucum S. Wats (tall larkspur), Draba 
spp., Elymus sp. (likely trachycaulus Link) Gould ex Shinners (wild 

Figure 1. The study area, near Kluane Lake in the Shakwak Trench.
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rye), Epilobium latifolium L. (broad-leaved willowherb), Hedysarum 
boreale Nutt. subsp. mackenzii Richards (liquorice-root), Hordeum 
jubatum L. (barley), Linum lewisii Pursh (wild blue flax),  Poa sp. 
(likely arctica R. Br.) (arctic blue grass), Polemonium acutiflorum Willd. 
(Jacob’s-ladder), and Trisetum spicatum (L.) Richt. Nomenclature 
follows Cody (1996).  Hereafter, we will use generic names only. 

Some of  these studies required an ability to grow, propagate, 
and sometimes kill, native plants for experimental purposes, but 
few resources were available except information in the book, Grow-
ing Alaskan Natives (Baldwin, 1997) and in A Manual for Growing 
and Using Seed from Herbaceous Plants Native to the Northern Interior of  
British Columbia (Burton and Burton 2003).  Traditional gardening 
books can help with general plant propagation principles, and for 
specifics on germinating seeds the reader can consult specialized 
texts (Baskin and Baskin, 1998).  Here we present some observa-
tions, primarily from the work of  one of  us (MAT), arising from 
work to grow and propagate some of  the more common native 
plant species in the Kluane region.

Growing from seed 

The germination rates of  seeds collected from the Kluane 
region were quite variable both in terms of  interspecies compari-
sons and interannual variability within a single species (Table 1).  
The interannual variability was likely due to variation in seed qual-
ity due to climatic conditions.

If  we waited for natural seed dispersal, and therefore seed ma-
turity, many of  the species (Achillea, Senecio, and Solidago) needed 
no special treatment to achieve a relatively high percentage ger-
mination success.  Other species had high germination in some 
years and low in others (for example Lupinus, Epilobium and  
Festuca).

The germination of  Lupinus was quite variable from year to 
year.  Typically there was a low germination rate, but an additional 
problem was to collect enough seed before insect larvae ate what 
was often a very large amount of  seed.  The predators were prob-

Figure 2. Salix reticulata L. subsp. reticulata (shrub willows).

Figure 3. Lupinus arcticus Wats. (arctic lupine).
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Figure 5. Epilobium angustifolium L. (fireweed).

Figure 4. Mertensia paniculata (Ait.) G. Don var. paniculata (bluebell).

ably seed beetles (family Bruchidae) that are known to eat peas 
and other legumes.  As is common with hard-coated legume seed, 
treatment in warm water for 24 hours before planting did not 
increase the germination rate (chipping the seed coat manually or 
sandpaper scarification may also be beneficial), but did speed up 
radical emergence of  the radical.  As soon as the radical emerged, 
the young seedlings were removed from the Petri plate before the 
onset of  damping-off, which is the sudden death of  the seedling 
due to the attack of  fungi.  Spraying the seedling with a product 
such as Plant Prod® NoDamp (2.5% oxine benzoate) (Sure-Gro 
Inc., Brantford, ON) helps control damping-off  diseases.

Mertensia also benefited from additional treatment.  Like Lupin-
us, Mertensia has a very tough seed coat that softens when soaked 
in warm water.  It helped to remove the seed coat entirely with 
a pair of  forceps and a scalpel, although this was very time con-
suming and still only increased germination from 4.4% (SE = 
5.1) to 13.3% (SE = 8.8).

We tried to germinate seeds of  other species (Table 2) found 
near the research site.  Many of  these species had quite high ger-
mination rates; however, seeds were collected only in 1999, so 
these results may not be representative given the high between-
year variation seen in other species (Table 1).

Im
age: Roy Turkington
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Table 1. The mean percent germination (± 1 SE) of  the most common 
understorey species at the research site in Kluane. These data are for 
seeds collected from 1999 to 2002. Seeds were sown onto wet sand in 
Petri plates with 50 seeds per Petri plate (n = 3 plates).

Species Mean % germination
Achillea millefolium 63.2 ± 16.9
Anenome parviflora 21.6 ± 8.6
Epilobium angustifolium 23.6 ± 11.3
Festuca altaica 40.2 ± 17.3
Lupinus arcticus 18.7 ± 4.3
Mertensia paniculata 7.2 ± 2.8
Senecio lugens 69.8 ± 12.7
Solidago multiradiata 65.1 ± 5.0
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Some general seed sowing procedures: 
1.	 Wait for seeds to reach maturity before collection.  This 

will ensure higher germination rate, but may not always be pos-
sible.  For instance, Achillea seeds do not mature until late Sep-
tember and most researchers had left the area by this time.  There-
fore, we collected seeds the following spring from intact plants 
surviving from the previous year. 

2.	 Most seeds should be dried before they are placed in stor-
age.  However, some species will not germinate if  they are stored.  
For example, Salix seeds remain viable for only very short per-
iods of  time. 

3.	 Store the seeds under “natural conditions.” This might 
normally be a frozen wet substrate, which is technically ‘dry’, but 
we had reasonable success keeping the air-dried seeds in plastic 
bags in a freezer from November until May.  While storage in 
plastic bags may be convenient, storage in paper bags (usually at 
3°C) may be better.

4.	 Day length may be important for germination success 
(Densmore, 1997).  The germinating success in Vancouver in 

May was lower than it was at Kluane in June, when and where 
daylength is significantly greater.  We always germinated seeds 
in Yukon in early June.  Normally, seedlings are seen in the field 
in late June to early July, so this seemed like a reasonable time to 
begin sowing.  We started the seeds in closed Petri plates on moist 
coarse sand and transplanted them to peat plugs or seedling trays 
once both the shoot and root emerged.  On occasion we also 
germinated seeds directly in peat plugs. 

5.	 Sufficient water is very important to germinate many 
species (Oberbauer and Miller, 1982).  Best results were attained 
when the germinating substrate was constantly moist.  However, 
once a seedling established there may be problems with too much 
moisture and damping-off  fungi can be a problem especially with 
Lupinus and Mertensia.

Growing from cuttings
Woody species such as Linnaea and Arctostaphylos are reason-

ably easy to start from cuttings and after 2 weeks rooting had 
occurred in approximately 50% of  the Linnaea and nearly 90% 
of  the Arctostaphylos.  We usually collected fresh growing tips ap-
proximately 5 cm long and removed the leaves from half  of  the 
length closest to the cut.  The cutting was then dipped in a com-
mercially available rooting compound (Wilson Roots® Liquid 
Root Stimulator, Sure-Gro Inc., Brantford, ON), placed in moist 
sand and kept in a moist environment.  This is a gel formulation 
containing both root-promoting auxin (0.4% IBA) and a fungi-
cide (0.01% etridiazole).  Before dipping the cutting in the root-
ing compound, we sometimes used a clean, sharp razor blade to 
slice the bark of  the cutting 4-6 times in the region where the 
leaves were removed; this increased the rooting response.

Some of  the common non-woody understorey species were 
also propagated from freshly collected cuttings (Table 3).  Though 
rooting success ranged from zero to as high as 22.6%, some indi-
vidual cuttings remained green, but did not develop new rooting 
tissue (ranging from 12% to 96%).

Species Mean %  germination
Agrostis scabra 54.0 ± 4.2
Anenome multifida 63.3 ± 3.5
Elymus sp. (likely trachycaulus) 78.0 ± 7.2
Epilobium latifolium 36.0 ± 6.1
Hedysarum boreale 20.0 ± 1.9
Hordeum jubatum 82.6 ± 2.7
Linum lewisii 65.0 ± 14.4
Poa sp. (likely arctica) 30.0 ± 4.2
Polemonium acutiflorum 28.9 ± 11.3
Trisetum spicatum 83.3 ± 2.7

Table 2. The mean percent germination (± 1 SE) of  some of  the less 
common species collected near the research site in 1999.  Seeds were 
sown onto wet sand in Petri plates with 50 seeds per Petri plate (n = 3 
plates). 
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Transplanting
Transplanting whole plants was successful for all of  the spe-

cies used in our experiments.  The problem with transplanting, 
and the key for success, is that a fairly large clump of  soil must be 
moved with the transplant to avoid disturbing the plant’s roots. 
The most problematic species was Lupinus.  A clump of  soil sur-
rounding a lupine transplant with a diameter at least 2 times the 
height of  the plant was necessary to ensure any chance of  the 
transplant surviving.  The clump also had to be as deep as it was 
wide.  Many times during the transplanting of  lupines, we noticed 
a large and broken tap root coming straight out from the bottom 
of  our transplant sod.  Within hours the entire transplant began 
to wilt.  It is also critical to water transplants liberally during the 
first few weeks after transplanting.  Arctostaphylos, Festuca and Lin-
naea were successfully transplanted as large sods.  Species such 
as Achillea, Epilobium, Festuca, Mertensia, Senecio and Solidago could 
be transplanted as small plugs obtained with 4 cm soil cores, as 
long as they had sufficient roots attached, but the probability of  
survival increased with larger soil cores.  Hicks and Turkington 
(2000) had very high success (>80%) transplanting Festuca, Achil-

Table 3. The mean percentage rooting (± 1SE) of  fresh cuttings after 
30 days.  All cuttings were from new leaves.  The cut end of  the leaf  was 
dipped into a commercially available rooting hormone (Wilson Roots® 
Liquid Root Stimulator) and cuttings were placed in planting trays filled 
with moist sand.  The tray was covered with plastic and the sand kept 
moist.  This experiment ran from July 8 to August 7, 2002.

lea and Mertensia as small soil cores (4.5 cm in diameter and 7 cm 
deep), but all were covered with plastic “tents” and watered twice 
daily during the first week to reduce evapotranspiration and keep 
humidity high. 

Killing with glyphosate
We used the herbicide glyphosate (RoundUp™; Monsanto, 

Winnipeg, Manitoba) to remove plants.  This is a non-selective 
and systemic herbicide that is quickly broken down in the soil. 
It was effective at killing most plants although some were very 

Table 4.  The number of  applications of  a 1:20 (glyphosate to water) 
concentration necessary to see significant die back in the named plant 
species.  Applications were approximately one week apart and were 
applied with a pump sprayer.  This concentration and application rate 
was higher than usual to ensure effectiveness.  The leaves were soaked 
with the solution until dripping wet.  The higher the number beside the 
species, the higher the apparent resistance to the glyphosate. 

Species No. of applications
Achillea millefolium 2-3
Anenome parviflora 2-4
Arctostaphylos uva-ursi 4
Artemisia norvegica >5
Betula sp. 1-2
Carex sp. 3-5
Danthonia intermedia	 2-3
Delphinium glaucum 3
Draba sp. 2-3
Epilobium angustifolium 2-3
Festuca altaica 2
Linnaea borealis 2-3
Lupinus arcticus 1
Picea glauca 3-5
Salix myrtillifolia 5
Salix reticulata 3-5
Senecio lugens 3-4
Solidago multiradiata 3-4

Species Mean %  survival
Achillea millefolium 22.0 ± 2.0
Anenome parviflora 0.0
Epilobium angustifolium 17.3 ± 3.6
Lupinus arcticus 0.0
Mertensia paniculata 3.0 ± 3.0
Senecio lugens 15.2 ± 1.5
Solidago multiradiata 22.6 ± 0.5
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resistant particularly woody shrubs (Table 4); regrowth was not a 
major issue.  Glyphosate can be applied with a pump sprayer for a 
general kill, or can be applied with a paint bush when selectivity is 
required, although clonal plants can be difficult (see below).  For 
example, it is almost impossible to selectively kill a single Achillea 
with glyphosate because many other individuals of  Achillea within 
about 1m will also die because they are connected belowground.  
This applies to most of  the species in the understorey because 
they are almost all clonal.  Most of  the new growth and horizon-
tal spread of  the understorey vegetation is probably due to clonal 
growth; we see relatively few seedlings in the understorey.  When 
using glyphosate to kill unwanted vegetation, great care must be 
exercised to prevent overspray on desirable plants. Glyphosate 
enters the plant via the stomata, travels throughout the plant and 
kills all shoots that are connected underground.  The entire genet 
(group of  connected ramets) will die if  glyphosate is applied to 
one ramet.  The surfactant in many glyphosate preparations in 
polyethoxylated tallow amine (POEA) has been implicated as 
being toxic to amphibians (Govindarajulu 2008).  Summary in-
formation on glyphosate and its toxicity and health impact are 
provided by Giesy et al. (2000) and the US EPA and Oregon State 
University at <npic.orst.edu/factsheets/glyphotech.pdf>.
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Impact of a severe flood on canopy 
composition, tree regeneration, and 

ground flora of the lower floodplain of 
gallery forests along the  

Red River, Canada

Abstract
The 1997 Red River flood afforded a valuable opportunity for 

studying the impact of  an infrequent severe disturbance on gal-
lery forests.  In 1997 and 2002 we sampled two sites protected 
and two sites unprotected by a flood control structure near Win-
nipeg, Manitoba, Canada using three 150 m transects in the lower 
floodplain (n = 45 quadrats per site).  The mature canopy of  
unprotected sites consisted of  Fraxinus pennsylvanica Marsh. and 
Ulmus americana L. at low cover whereas protected sites contained 
five tree species.  Regeneration data suggest F. pennsylvanica will 
continue to dominate in unprotected sites, with treefall providing 
opportunities for pioneer flood specialists like Salix amygdaloides 
Anderss.  Fewer gap openings occurred in protected sites, in which 
Acer negundo L. and F. pennsylvanica will likely become co-dominants.

Understorey taxa normally able to survive the moderate dis-
turbance associated with seasonal inundation of  the lower flood-
plain of  protected sites succumbed to the harsh conditions in the 
unprotected sites.  Many were knocked back or eliminated by 2002, 
with greater reductions in richness and diversity in unprotected 
sites.  Ruderals were promoted in unprotected sites but most 
were less prominent by 2002.  Although several taxa, e.g., Vitis 
riparia Michx. and Bidens frondosa L. had significantly higher cover 
in protected sites by 2002, Xanthium strumarium L. and Polygonum 

Isobel Waters1, Erin Essery, Tracy Ruta, Jennifer Shay 
Dept. of Biological Sciences, University of Manitoba, Winnipeg, Canada R3T 2N2 

1 email - waters@cc.umanitoba.ca

amphibium L. were the only understorey species with significantly 
higher cover in the unprotected sites.  Correspondence analysis 
indicated flood protection generated differing trajectories, with 
site differences contributing to variable successional outcomes.

Introduction
Riverbottom gallery forests are a unique biological commun-

ity within the North American prairie ecoregion (Keammerer 
et al., 1975).  As linear landscape elements occurring on alluvial 
deposits along riverbanks, they are subject to periodic inunda-
tion.  In drier western regions, gallery forests are dominated by 
Salix spp. (willow) and Populus deltoides Bart. ex Marsh. (eastern 
cottonwood) (Kindscher and Holah 1998).  In North Dakota and 
Manitoba, these species are early successional dominants along 
exposed banks and new meanders, but are replaced by hardwoods 
of  differing flood tolerance on upper terraces (Keammerer et al., 
1975), coulees, and ox-bows cut-off  from former channels.  The 
higher precipitation and Riverdale silty clay soils of  eastern prai-
rie sites (Ehrlich et al., 1953) support gallery forests with floristic 
similarities to eastern deciduous forests (Essenberg, 1991). 

The extent of  gallery forests prior to European occupation 
is unclear (Kindscher and Holah, 1998).  Fire suppression likely 
caused expansion in some regions whereas exploitation for fuel 
and construction depleted them in the immediate vicinity of  
human settlements.  Agricultural and urban encroachments fur-
ther threaten their persistence.  The floristic composition of  gal-
lery forests along the Missouri River and its tributaries has been 
studied in North Dakota (Wikum and Wali, 1974; Keammerer 
et al., 1975; Johnson et al., 1976), South Dakota (Wilson, 1970), 
Illinois (Hosner and Minckler, 1963; Bell and del Moral, 1977) 
and Kansas (Abrams, 1986).  Less is known about this ecosystem 
along the Red River in Canada, in spite of  its declining status and 
importance of  the Red River flyway for continental bird migra-
tion.

Floods are an integral part of  the community’s dynamics.  
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cludes physiological factors such as anoxia sensitivity (Bell, 1974; 
Blom, 1999), within-species genetically based ecotypic differ-
ences, and plastic differences during development (Jones et al., 
1989).  Progressively less tolerant woody (Keammerer et al., 1975; 
McLeod et al., 2000) and herbaceous (Menges, 1986) species in-
crease in abundance with distance from the water’s edge.  In-
frequent severe floods stress less tolerant species by inundating 
areas further from the bank and increase the mechanical stress 
and duration of  inundation for more tolerant species.  Reputedly 

tolerant species can thus be vulnerable to damage during severe 
floods.  The fate of  understorey species varies from extirpation 
to opportunistic increases in relative abundance as a result of  re-
duced competition.  Succession models predict that this dynamic 
community response to flooding will have a powerful influence 
on the site’s recovery trajectory (Turner et al., 1998).

Control structures in the United States and Canada have re-
duced flooding incidence, duration, and depth.  Dams and reser-
voirs in the U.S. have permanently flooded many gallery forests 
(Keammerer et al., 1975) while depriving downstream forests of  
the benefits of  periodic inundation (Kozlowski, 2002).  In the 
Canadian portion of  the Red River valley, dikes provide some 
protection around larger towns, and Winnipeg is protected by 
a floodway (48 km long, 210-305 m wide, and 9.1 m deep) that 
diverts excess flows around the eastern side of  the city (Figure 1; 
Burn and Goel, 2001).  Flood flow rates and depths within the 
city have been substantially reduced (Manitoba Water Commis-
sion, 1998). 

The 1997 Red River flood was classified as extreme with an es-
timated return time of  144 y (Burn and Goel, 2001).  This event 
provided a rare opportunity to assess the response of  the gallery 
forest to an infrequent severe disturbance (Turner et al., 1998).  
We compared the flood’s short term impacts on the lower flood-
plain of  unprotected upstream sites with protected sites down-
stream, both in the immediate aftermath of  the flood in the fall 
of  1997, and five years later in 2002.  We hypothesized that dif-
ferences in flooding effects on survival and growth of  woody 
and herbaceous species between protected and unprotected sites 
altered the forest’s post-flooding successional trajectory.

Methods

Site history and description
The Red River (known in the U.S. as the Red River of  the 

North) rises in Minnesota, drains an area of  270,000 km2, and 
flows for 880 km over the relict bed of  glacial Lake Agassiz to 

Their effects result from tem-
poral variation in the flood 
cycle from frequent yearly 
events to 100+ y floods 
(Franceschi et al., 2000; Ward 
et al., 2002) and from vary-
ing flood intensity associ-
ated with depth, duration, 
and flow rate (Casanova and 
Brock, 2000; Kozlowski, 
2002).  Experimental studies 
in natural communities (Ma-
lecki et al., 1983) have docu-
mented long term effects of  
flooding cycles on commun-
ity structure and succession 
(Greenwald and Brubaker, 
2001), but there is less under-
standing of  short term im-
pacts.  These are equally vital, 
particularly given the import-
ance of  post-flooding tree 
regeneration to succession 
(Jones et al., 1989; Turner et 
al., 1998).

Flooding tolerance in-

Figure 1.  Map showing the Red River valley, 
Manitoba, Canada, depicting the limits of  
the 1997 flood and location of  the protected 
(P) and unprotected (U) sites. 

M
ap reprinted w

ith perm
ission from

 Blackw
ell Scientific Publishers.
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Lake Winnipeg (Brooks and Nielsen, 2000).  It frequently over-
flows its banks, fed by snowmelt and spring rains, with inundations 
lasting for several weeks and covering an extensive area (Brooks 
and Nielsen, 2000).  There were extreme floods in 1826 and 1852, 
and the 1997 event (peak flow 4587 m3 s-1) was the largest flood 
since 1852 (Burn and Goel, 2001), inundating 1836 km2 and with 
a maximum width of  40 km (Haque, 2000) (Figure 1).  Flood 
levels peaked at the Winnipeg floodway inlet on May 3-4, but be-
cause of  the low mean valley gradient of  10 cm/km (Brooks and 
Nielsen, 2000), many areas in the basin were under 2-4.5 m of  
water for approximately three weeks (Rasid et al., 2000).  

Southern Manitoba has a continental climate with long cold 
winters and short warm summers.  The Winnipeg region has a 
mean annual temperature of  2.6º C and a mean annual precipita-
tion of  513.7 mm (Environment Canada, 1994).  The vegetation 
of  the Red River forests is designated as “temporarily flooded 
cold-deciduous (alluvial bottomland hardwoods)” (Greenall, 
1996).  Mature forests are dominated by Fraxinus pennsylvanica 
(green ash), Ulmus americana (American elm), and Acer negundo (box 
elder) on lower reaches, with Quercus macrocarpa Michx. (burr oak) 
and Populus tremuloides Michx. (quaking aspen) on higher terraces.  
Tilia americana L. (American basswood) is a common associate in 
mid terrace regions. 

Four sites were chosen: two upstream (U-unprotected) and 
two downstream (P-protected) of  the floodway (Figure 1).  Site 
U1 was on the east bank of  the Red River near St. Adolphe; 
site U2 was on the west bank near the University of  Manitoba’s 
Glenlea Research station.  Although differing in microtopog-
raphy, both unprotected sites had sparse forest canopies and large 
amounts of  coarse woody debris including many dead trees and 
branches (Figure 2).  Some of  this debris was residual from a 
moderate flood (3058 m3 s-1) that occurred in 1996 (Burn and 
Goel, 2001).

The protected sites were on the east bank of  the La Salle 
River, a small tributary flowing into the Red south of  its junction 

with the Assiniboine.  It has no independent control structure, 
but the La Salle’s flow rates within the city are similarly reduced 
by the floodway.  Both sites had closed canopies and little coarse 
woody debris.  Protected sites on the Red River were unsuit-
able because the forest canopy has been substantially altered or 
eliminated within the floodway.  Despite the floodway, the lower 
reaches of  the protected sites experienced minor flooding albeit 
at lower flow rates and depth than the unprotected sites.  At the 
1997 flood peak, flow rates within the floodway were 2265 m3 s-1, 
approximately 50% of  unregulated levels (Haque, 2000).  Depth 
was 752 feet geodetic compared with 773 feet geodetic upstream 
(Manitoba Water Commission, 1998) in the vicinity of  the un-
protected sites.  Water levels also receded faster in protected sites, 
although we could not measure depth on the sites during the 
flood.  Because even the highest terraces of  the protected sites 

Figure 2. Both unprotected sites accumulated large amounts of  woody debris 
(U1 1997).  Photo taken in 1997.

Im
age: Tracy R
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were flooded in 1997, they could not serve as a nonflooded con-
trol.  Thus, our comparison was not between flooded versus non-
flooded sites, but rather between sites protected and unprotected 
from an extreme flooding event. 

Sampling and data analysis
At each site we established three parallel 150 m transects at 

5 m, 15 m and 25 m from the channel.  Along each transect we 
randomly placed fifteen 1 m × 2 m quadrats with their long axis 
perpendicular to the river.  In each quadrat percent cover of  all 
understorey species and bare ground was estimated to the nearest 
5% in 1997 and the nearest 1% in 2002.  Nomenclature follows 
Kartesz (1994).  

In 1997 mature tree cover was estimated on a rank scale of  
0-3 for all species combined; in 2002 cover of  mature trees with 
CBH (circumference at breast height) > 10 cm was estimated 
for each species.  To facilitate comparison, the 1997 ranks were 
transformed by equating a rank of  3 to 100%; 2 to 67% and 1 
to 33%.  Mean cover was calculated for each understorey species 
at each site in both years.  Analysis of  variance (P = 0.05) was 
performed using Data Desk 4.1 (Data Descriptions, 1993) on the 
2002 data.  Protection from severe flooding was designated as 
the main treatment variable.  Differences due to site and distance 
from the river’s edge were also tested.  Although this variable 
reflects elevation differences and hence flooding depth in locales 
with steep valley profiles, the Red River’s shallow valley slope of  
10 cm km-1 (Brooks and Nielsen, 2000) makes distance from the 
river relatively uninformative, as Turner et al. (2004) observed 
along the Wisconsin river.  

Species richness (S) was calculated as the number of  species 
per site.  Shannon’s diversity index (H) (Hill, 1973) was calculated 
using mean relative cover; evenness (J) was derived as H/Hmax 
where Hmax = ln S.  Due to the influence of  trace species on 
diversity measures (Hill, 1973), the proportion of  trace species 
(Ptr) was calculated based on a mean cover < 0.05%.  We used 
correspondence analysis (CA) on species cover values to compare 

Table 1.  Mean cover of  mature canopy trees (CBH > 10 cm) in 
2002 and mean cover of  seedlings and seedlings  (CBH < 10 cm) in 
protected (P) and unprotected (U) sites along the Red River in 1997 
and 2002.

Mature canopy   Seedlings and saplings
2002 1997 2002

Tree species P U P-
value P U P-

value P U P-
value

Acer negundo *3.6b 0a 0.03 1.6a 1.3a 0.82 0.4a 0.03a 0.24
Fraxinus pennsylvanica 2.7a 8.7b 0.03 11a 3.8a 0.59 1.8a 1.8a 0.98
Quercus macrocarpa 7.6b 0a 0.3a 0.01a 0.11 0.1a 0a 0.19
Salix amygdaloides 0.8a 0a 0.25 0 0 - 0a 0.2b 0.02
Ulmus americana 38.7b 6.3a 12.9a 1.1a 0.07 0.9b 0.04a 0.01

**Total tree cover (2002) 53.4 15.1 25.7 6.1 3.9 2
*Results are shown for combined sites; means (n = 90 quadrats) followed by 
the same letter do no differ significantly at the P = 0.05 level (2002).
**Canopy cover of  individual tree species was not recorded in 1997.

overall community response, with chord distance as the associa-
tion measure (Podani, 1995).  Similarity of  understorey species 
composition between sites is indicated by their relative position 
in multivariate space.  Distance between sites between years rep-
resents their successional trajectories.

Results
Canopy cover was substantially greater in the protected sites.  

Five species were present, with Ulmus americana dominant (Table 1).   
Total tree canopy cover was unchanged in protected sites between 
1997 and 2002 (50% vs. 53.4%), but declined in unprotected sites 
from 26.7% to 15.1%.  There were many dead fallen trees in the 
unprotected sites.  Fraxinus pennsylvanica was the sole species in the 
U1 canopy by 2002, and it was the one tree species with signifi-
cantly higher cover (P = 0.03) in unprotected (8.7%) than pro-
tected sites (2.7%) (Table 1).  

In the regenerating tree stratum, Ulmus americana was the only 
species with significantly higher cover (P = 0.01) of  seedlings 
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Table 2. Mean canopy cover (% +/- 1 S.D.) of selected understorey 
species in protected  (P) and unprotected (U) sites in 1997 and 2002. 

Means followed by the same letter did not differ significantly at the 
p=0.001 level in the specified year. 
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Echinocholoa crus-galli (L.) Beauv. (barnyard grass), the only annual 
graminoid with higher cover (3%) in unprotected sites in 1997, 
was absent from all sites in 2002.  

As shown in Table 2, several perennial forbs, e.g., Laportea can-
densis (L.) Weddell (wood nettle) and Artemisia biennis Willd. (bi-
ennial wormwood) were abundant in unprotected sites in 1997.  
However, L. canadensis was absent from all sites in 2002.  Whereas 
several forbs had significantly higher cover in protected sites in 
2002, Polygonum amphibium (water smartweed) was the only forb 
with significantly higher cover in unprotected sites.  Amongst 
annual forbs, Xanthium strumarium (cockleburr) was significantly 
higher in 2002 in unprotected sites, although it had declined from 
13% to 3.9%.  Bidens frondosa cover was similar in all sites in 1997 
but by 2002 it was significantly higher (14%) in protected sites, 
as was cover of  Oxalis stricta L. (yellow wood sorrel) (P = 0.01) 
(Figure 3). 

and saplings in protected sites in 2002 (Table 1).  Fraxinus cover 
declined but by 2002 it was the only tree with regeneration cover 
greater than 1% (Table 1), with no differences between protected 
and unprotected sites.  Acer negundo and Q. macrocarpa seedlings 
and saplings were a minor presence in protected sites.  Salix amyg-
daloides (peach-leaved willow) regeneration was not apparent in 
1997 but by 2002 it had low (0.2%) but significantly higher cover 
(P = 0.02) in unprotected sites (Table 1).

There was significantly more bare ground (P < 0.0001) in un-
protected (78.6%) than protected sites (44.1%).  By 2002, under-
storey cover was greater in protected sites including annual forbs, 
which had higher cover in unprotected sites in 1997 (Table 2).  
The predominance of  bare ground led us to consider a species 
with a mean cover as low as 5-10% as a “high” cover species.  

Shrubs were damaged in all sites but more so in unprotected 
sites.  Several woody species e.g.,  Amelanchier alnifolia (Nutt.) Nutt. 
ex M. Roemer (serviceberry) present in protected sites in 1997 
were either absent or reduced in cover by 2002.  Rosa acicularis 
Lindl. (prickly rose), Crataegus chrysocarpa Ashe (hawthorn) and 
Vitis riparia Michx. (riverbank grape) retained significantly higher 
cover in protected sites (P = 0.01, P = 0.004).  Whereas V. ri-
paria increased in cover in the protected sites in 2002, it declined 
sharply in unprotected sites.  In contrast, several herbaceous per-
ennial vines with moderate cover in 1997 in protected sites, e.g., 
Menispermum canadense L. (Canada moonseed) were reduced or 
eliminated at all sites in 2002.  Only Smilax herbacea L. (carrion 
flower) persisted at low (0.6%) albeit significantly higher cover in 
protected sites (P = 0.002) (Table 2).   

Perennial graminoids had higher cover in protected sites in 
1997, but declined substantially by 2002.  In 2002 cover of  Carex 
spp., largely C. atherodes Spreng. (awned sedge), did not differ be-
tween protected and unprotected sites, whereas Elytrigia repens 
(L.) Desv. ex B. D. Jackson (quackgrass) was higher in protected 
sites (P = 0.05) (Table 2).  Both Elymus virginicus L. (wild rye) and 
Poa spp. (bluegrass) increased in protected sites in 2002 (Table 2).  

1997 1997
Measure P1 P2 Mean U1 U2 Mean
Richness (S) 57.0 49.0 53.0 51.0 49.0 50.0
*Shannon's diversity (H) 3.2 3.0 3.1 3.1 2.9 3.0
Shannon's evenness (J) 0.8 0.8 0.8 0.8 0.8 0.8
**PTr (%) 12.3 12.2 12.3 11.8 22.5 17.1

2002 2002
Measure P1 P2 Mean U1 U2 Mean
Richness (S) 25.0 26.0 25.5 18.0 16.0 17.0
*Shannon's diversity (H) 2.1 2.4 2.3 2.1 1.8 1.9
Shannon's evenness (J) 0.7 0.7 0.7 0.7 0.6 0.7
**PTr (%) 12.0 3.9 7.9 22.2 25.0 23.6
*Calculation based on mean relative cover values of  species (n = 45 quadrats 
per site).  
**Ptr is the number of  species with a mean cover < 0.05% expressed as a 
percentage of  all species found per site.

Table 3.  Community measures of  understorey vegetation in 
protected (P) and unprotected (U) sites in 1997 and 2002.
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Community species richness (S) declined at all sites from 1997 
to 2002.  By 2002, evenness (J) was unchanged for protected and 
unprotected sites, but both richness (S) and diversity (H) were 
higher in protected than unprotected sites (Table 3).  The pro-
portion of  trace species was higher in unprotected sites (23.6% 
vs. 7.9%) (Table 3).  The first two axes of  the correspondence 
analysis accounted for 50.4% of  the variation in the understorey 
data.  Protected and unprotected sites were distinct from each 
other, with minor differences between sister sites (e.g., P1 and P2; 
Figure 4).  The protected sites changed more between years, as 
indicated by their longer trajectories on the bi-plots.  The direc-
tion of  the trajectories suggests that some convergence of  under-
storey composition had occurred by 2002. 

Discussion
As expected, the reduced flooding associated with the flood-

way greatly influenced both the canopy and the understorey of  
the gallery forest along the Red River in the aftermath of  a severe 
flood.  

In the 5 y following the 1997 flood, many mature trees in un-

Figure. 4.  Ordination bi-plots generated by correspondence analysis (Podani, 1995) of  
understorey species cover in protected (P) and unprotected (U) sites in 1997 and 2002

Figure 3.  Top -  An unprotected site (U1) shows strong presence of  Xanthium.  
Below - A protected site (P1) shows high cover of  Laportea.  Photos taken in 1997.
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protected sites died, possibly exacerbated by the earlier, moder-
ately severe flood of  1996.  Mechanical as well as physiological 
impacts of  prolonged submergence (Jones et al., 1989; Kozlow-
ski, 2002) undoubtedly contributed to the low canopy cover in 
unprotected sites.  Similar canopy reduction occurred after flood-
ing along the Mississippi (Yin, 1998), the Paraná in Argentina 
(Franceschi et al., 2000) and the Rhine (Deiller et al., 2001).  Total 
canopy coverage did not decrease in protected sites supporting 
our conclusion that no major alteration in canopy structure oc-
curred in forests inside the floodway. 

Flood tolerance differed between tree species.  The absence 
of  Quercus macrocarpa from unprotected sites reflects its well-
known sensitivity to anoxia (Bell, 1974; Blom, 1999).  Ward et al., 
(2002) suggested Quercus dominance can only occur after flood 
suppression for 200-300 y.  Since even protected sites in the Red 
River valley experience minor seasonal flooding in most years, Q. 
macrocarpa will remain restricted to the upper terraces in all sites.  
This extreme sensitivity, as revealed by tree ring analysis, makes 
Q. macrocarpa a useful indicator of  flooding history in the region 
(St. George and Nielsen, 2000).  Less predictably, the absence 
of  A. negundo from the canopy in unprotected sites suggests that 
although it has sufficient tolerance to cope with short term in-
undation in high water years in protected sites, it lacks the flood 
tolerance accorded it by Bell (1974).  Its sensitivity may reflect 
mechanical rather than anoxic effects; Burns and Honkala (1990) 
report that its thin bark renders it susceptible to ice damage.  Yin 
(1998) also reports high mortality of  A. negundo after a severe 
flood.

Fraxinus pennsylvanica persisted in the canopy at all sites and 
showed extreme flood tolerance in unprotected sites, indicating 
that it may benefit from the absence of  competitors in sites sub-
ject to prolonged submergence (Bell, 1974; Turner et al., 2004).  
However, Blom (1999) and Yin (1998) observed substantial 
Fraxinus mortality after severe flooding.  The dominance of  the 
canopy by Ulmus americana in protected sites suggests that it com-

petes well with F. pennsylvanica only in sites with less severe flood-
ing.  Our findings concur with Bell’s 1974 report that U. americana 
tends to be absent from the lowest floodplain but dominates at 
middle elevations.  Ward et al., (2002) also claim U. americana pre-
fers less frequently inundated sites.  Timing of  inundation may be 
critical; Burns and Honkala (1990) report that U. americana with-
stands flooding while dormant but is damaged when flooding is 
prolonged into the season. 

Future competitive relationships are likely to be more intense in 
protected than unprotected sites, where harsh conditions reduce 
the number of  potential competitors (Casanova and Brock, 2002; 
Ward et al., 2002.)   The complicating factor of  Dutch elm disease 
may not alter these relationships in the short term due to juvenile 
resistance (Smalley and Guries, 1993).  However as adult trees 
continue to succumb, particularly outside the city limits where 
programs designed to slow the spread of  the disease have been 
curtailed, seed sources will inevitably decline.  Thus, the main 
competitor of  F. pennsylvanica in protected sites will become A. 
negundo when Ulmus is no longer being recruited into the canopy.

With the exception of  F. pennsylvanica, seedlings and saplings 
all performed better in protected sites, suggesting that these sites 
will continue to support more canopy regeneration.  Persistence 
of  regenerating F. pennsylvanica in unprotected sites along with 
low amounts of  A. negundo reinforces our view that F. pennsylva-
nica will increase in dominance in unprotected sites.  Although 
Q. macrocarpa seedlings are more flood tolerant than mature trees 
(Burns and Honkala, 1990), their absence suggests that they will 
not be a factor in unprotected sites. 

The presence of  Salix amygdaloides seedlings in unprotected 
sites was notable.  Given its high flood tolerance and ability to 
sprout after incurring mechanical damage (Blom, 1999), this 
riverbank specialist depends upon severe floods to persist in the 
gallery forest as part of  a corridor of  early succession specialists 
(Greenwald and Brubaker, 2001; Ward et al., 2002).  Its flooding 
dependence is enhanced by seed dispersal by water and the ability 
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to germinate in waterlogged soils (Blom, 1999).  We thus expect 
S. amygdaloides to find niche opportunities on the lowest reaches 
of  unprotected sites, where it may provide limited competition 
to F. pennsylvanica.  Despite the presence of  mature specimens 
in the study area, the absence of  regenerating Populus deltoides, 
another flood specialist, contrasted with its resurgence in Missis-
sippi River floodplain forests following levee failure in a severe 
flood (Yin, 1998).  Ironically, the greater success of  diversions 
compared with levees means that sites protected by floodways are 
less likely to provide regeneration sites for flood specialists.  We 
did not see significant P. deltoides regeneration in our unprotected 
sites, but the increased canopy opening from tree fall may provide 
opportunities for future colonization.

Increased bare ground and debris in unprotected sites is at-
tributable to the higher flow rates upstream of  the floodway 
(Haque, 2000).  Greater physical disturbance removed vegetation 
and remaining debris impaired its re-establishment.  Apart from 
such direct mechanical impacts, indirect effects of  flooding on 
abiotic site conditions such as sediment deposition, nutrient load-
ing, reducing levels and soil structure (Kozlowski, 2002) are likely 
to influence both tree and ground flora regeneration.

The vulnerability of  woody taxa (Holmes et al., 2005) was evi-
dent in the damage to shrubs in all sites.  Even minor seasonal 
flooding may harm particularly sensitive species such as Amel-
anchier alnifolia.  Although such species have colonized the lower 
reaches of  protected sites, their low abundance by 2002 indicates 
their susceptibility even when protected by control structures.  
Vitis riparia was a notable exception; although it too had higher 
cover in protected sites, it was more tolerant than other woody 
taxa.  Lower cover of  perennial graminoids in unprotected sites 
suggests they too suffer from prolonged submergence.  The ex-
ception was Carex spp., but given its preference for waterlogged 
soils (Blom, 1999; Menges, 1986) its persistence in all sites is not 
surprising.  The short term promotion of  Xanthium strumarium 
and Echinochloa crus-galli in unprotected sites in 1997 is typical of  

annual ruderals responding to a niche created by the flood, a re-
sponse enhanced by hydrochory and higher light levels near the 
river’s edge (Menges, 1986).  Indeed, Gregory et al., (1991) sug-
gested that floodplains are “one of  the original habitats of  weedy 
plants.”  In particular, because X. strumarium was one of  only two 
understorey species with significantly higher cover in unprotected 
sites by 2002, it clearly possesses high flood tolerance.  How-
ever, its declining abundance by 2002 suggests that it depends on 
frequent flooding.  Bidens frondosa, another flood tolerant annual, 
responds positively to flooding in both artificially flooded forests 
(Malecki et al., 1983) and experimental microcosms (Weiher et 
al., 1996).  In contrast to Xanthium, the higher cover of  B. frondosa 
in protected sites by 2002 suggests it occupies a generalist niche 
with no requirement or preference for severely flooded sites.

Opportunistic responses to flooding were not restricted to an-
nuals.  Herbaceous biennials and/or perennials such as Laportea 
canadensis and Artemisia biennis displayed a similar strategy in un-
protected sites in 1997.  Holmes et al. (2005) consider L. canaden-
sis as characteristic of  floodplain habitats in north central Ohio, 
although Menges (1986) reported that it occupied higher terraces.  
In contrast, the significantly higher cover of  many weedy species 
such as Oxalis stricta, Cirsium arvense  (L.) Scop. (Canada thistle), 
and Arctium lappa L. (greater burdock) in protected sites by 2002 
suggests that extreme flooding in unprotected sites generates 
conditions too harsh for many ruderals.  In particular the large 
amount of  debris resulting from a severe flood–a feature not as-
sociated with other disturbances such as fire–reduces the suit-
ability of  the site for many ruderals.  Menges (1986), Gregory et 
al., (1991) and Blom (1999) suggest that perennials will dominate 
the upper terraces and annuals the lower floodplains.  No such 
distinction was evident in our study.  Even five years after a severe 
flood our unprotected sites were occupied by a limited coterie of  
both annuals and perennials.  Although weedy taxa occurred in all 
sites, protected sites appear more vulnerable to invasion, exacer-
bated by their urban location. 
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For taxa with the requisite tolerance, regeneration opportun-
ities will persist longer in severely flooded sites due to the preva-
lence of  bare ground.  Of  these, Polygonum amphibium, which not 
only had higher cover in unprotected sites and was the only spe-
cies to increase in cover in those sites, was the only perennial with 
indicator potential for severe flooding (Menges, 1986; Carter and 
Grace, 1990).  Its semi-aquatic status suggests it is unlikely to per-
sist unless severe flooding occurs with high frequency.

Lower richness and diversity in unprotected sites by 2002 indi-
cate that the opportunities provided by flooding were offset by 
increased site harshness, a conclusion supported by the greater 
proportion of  trace species in unprotected sites.  Conditions fell 
outside the tolerance limits of  many, leading to reduced diversity.  
Although some semi-aquatic specialists were promoted, this effect 
was counter-balanced by a larger number of  species that were re-
duced or eliminated.  These results concur with lower richness of  
flooded sites in Wisconsin (Menges, 1986) and the upper Rhine 
(Deiller et al., 2001), although in the latter study diversity was 
higher in flooded sites due to increased evenness.  In contrast, 
Franceschi et al. (2000), reported stable levels of  richness and di-
versity after prolonged flooding along the Paraná River.  Ward et 
al. (2002), argue that the beneficial effects of  flooding may skew 
the intermediate disturbance hypothesis (Connell, 1978), which 
predicts lower diversity in areas subject to high disturbance fre-
quency.  Although the lower diversity of  our unprotected sites 
supports Connell’s hypothesis, flooding effects on community 
parameters are complex, reflecting differences in the magnitude 
and extent of  the disturbance and/or confounding factors.  For 
example, many studies calculate diversity across all portions of  
riparian forests; whereas we restricted our analysis to the lower 
reaches. 

The divergence evident in the bi-plots supports the view that 
protection from severe flooding alters understorey species com-
position in gallery forests.  The faster pace of  succession in the 
protected sites reflects their less harsh post-flood conditions.  

Although species composition is converging by 2002, stochastic 
changes in flood regimes and/or confounding site factors could 
disrupt or reinforce these successional trajectories, generating 
a multiplicity of  potential community outcomes (Turner et al., 
1998). 

CONCLUSION
Gallery forests in the Red River valley incurred less damage 

from the extreme flood of  1997 to both their mature canopy 
and understorey strata in sites protected by the floodway.  Tree 
regeneration data indicated that Fraxinus pennslyvanica was likely to 
dominate the canopy in the unprotected sites, whereas a great-
er number of  tree species persisted in the protected sites.  The 
understorey, with its greater variety of  lifeforms, responded in a 
less clear-cut manner.  Overall declines in richness and diversity 
in the unprotected sites were attributable to the harsher site con-
ditions.  Even five years after the event, cover values were lower 
for the majority of  species.  Although several flood specialists 
were promoted in the unprotected sites, it would appear that the 
floodway, which reduces but does not eliminate flooding, sup-
ports a less depauperate flora in gallery forests in the short term.  
However, weedy invasion is of  concern in all sites, and most es-
pecially in the urban protected sites.  Reduced exposure to the 
positive impacts of  flooding, particularly in the event of  lowered 
mid-continental precipitation as a result of  global warming, may 
take its toll in the longer term.  Continued monitoring of  this 
vital ecosystem is essential.
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temp.
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temp.
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air 
temp.

ave. 
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min. 
temp.

rainfall
(mm)

days 
with 
rain

January -6.1 1.2 11.4 5.5 195.2 23
February -1.6 3.6 12.4 8.6 117.4 27
March -2.1 4.7 15.9 10.0 218 23
April 0.7 5.8 16.8 12.1 78.2 18
May 4.3 8.5 23.4 16.3 56 10
June 7.9 11.5 25.3 18.8 78.6 14
July 10.6 15.0 30.8 22.3 58.8 10
August 11.4 13.8 24.8 21.1 4.8 5
September 7.4 11.2 38.8 22.0 32 14
October 2.9 7.6 34.1 13.1 126.2 17
November -1.1 3.7 13.2 9.0 108 22
December -3.0 1.2 13.0 6.0 188.8 23

Climatological data for 2007

Monthly data

Annual data

Maximum temperature (ºC)	 38.8	  (Sept. 11)

Minimum temperature (ºC)	 -6.1  	(Jan. 12)

Days with rainfall	 206

Total annual rainfall (mm)	 1261.4

     		  Location: 49° 15' N, 123° 15' W
		  Elevation: 76 metres
* 1 day missing from data for Aug.		  University of  British Columbia campus
* 3 days missing from data for Oct.		  Vancouver, BC, Canada
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Book reviews

Senescence processes in plants 
edited by Susheng Gan

Annual Plant Reviews 26 (2007) Blackwell Publishing 
Ltd, Oxford, UK; Ames, Iowa: and Carlton, Australia.  

xviii + 322 pages

The 13 chapters in this book cover a broad range of  senes-
cence topics some of  which will be excellent starting points for 
beginning graduate students, but three of  them (Chapters 1, 6 
and 12) should be particular interest to any one teaching begin-
ning plant physiology or to provide a teacher of  general botany 
with a clear sense of  the current state of  the field.  

Much of  the recent, technology-driven research will require 
some catch-up homework, but chapter 1 should be required read-
ing for all plant biologists, many of  whom seem to have become 
determined to find a historically unifying definition.  As with most 
'theme' publications, there are points where the theme gets lost 
in author enthusiasm for a pet approach, but there is consider-
able reward waiting for those who work to grasp the considerable 
achievements of  the last 10-20 years.   

The Physiology of Crop Yield, 2nd Ed. 2006

Robert KM Hay and John R Porter

Blackwell Publishing, Oxford, UK; Ames, IA; Carlton, 
Australia 

The book was first published in 1989 as An Introduction to 
the Physiology of  Crop Yield.  I am mystified why the authors 
and the publisher chose to make it a 2nd edition when neither of  
the original authors contributed and the contents are substantially 
different from the so-called first edition.  The book is indeed an 
introductory text and a well organized presentation.  However, I 
am surprised that it does not point more forcefully to the future 

especially given the authors’ hope that it “will contribute to the 
education, training and perhaps the inspiration of  the new gen-
eration of  crop scientists, who will need to have broad perspec-
tive from the ecosystem through the crop and plant to the gene.”  
Given that the target is advanced undergraduates it is reasonable 
to assume that users of  the book will have a sound understanding 
of  basic ecology and at least know the basics of  modern genetics 
and the techniques that are being considered as steps to engineer-
ing crop plants for increased yield.  If  this is indeed the case then 
it is likely that the reader will find the book useful in spite of  the 
fact that there is little consideration of  potentially new crops.  

This leads me to my only concern with the book.  By 2005, 
when presumably the book was going to press, it was clear that we 
needed to understand native species as crops.  Long term work 
by ecologists such as David Tilman (University of  Minnesota) 
to cite just one example, point to a really important redirection 
for the way of  thinking for crop yield and productivity (for most 
recent work see references cited below).  It seems that the agrol-
ogy community is none too keen on this idea, which makes it es-
sential for other plant biologists to put this book on their shelves 
and on their students’ reading lists.  That way the messages will 
be more widely read and students and colleagues in all areas of  
plant sciences will have some understanding of  the background 
and the opportunities in studying crop biology.  Without such 
broad awareness, I fear that the molecular biologists’ efforts to 
increase yield through gene engineering will remain isolated and 
soon become mired in controversies about ecological and agricul-
tural harms and benefits.
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Gleanings

How green are biofuels
Perspective in Science 319: 43-44, Jan 4th 2008

J.P.W. Scharlemann and W.F. Lawrence

A short and thoughtful assessment of  the dilemma that is appear-
ing to leave us wondering if  lowering greenhouse gases by plant biofuel 
crops may have greater aggregate environmental costs than gasoline.

The Physcomitrella genome reveals evolutionary in-
sights into the conquest of land by plants

Science 319: 64-69 
Stefan Rensing and 69 others.

While the details of  this paper are for the expert, the abstract is 
notable for the clarity with which it points to possible ways that 
plant genomics may actually help us to understand some of  the big-
ger picture about plants, in this case the continuing questions about 
the colonization of  the land.  It is well worth tracking this arti-
cle down to see a readable abstract in a “high impact” journal.
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