Journal of Coastal Research

Summer 1991

| 7 J 3 J 607-615 J Fort Lauderdale, Florida

A Dendrogeomorphic Estimate of Shore Erosion,
Upper St. Lawrence Estuary, Québec

Yves Bégin, Dominique Langlais and Luc Cournoyer

Centre d’Etudes Nordiques and Department of Geography

Université Leval, Sainte-Foy
Québec G1K 7P4, Canada

ABSTRA CT I

BEaIN, Y., LangLals, D., and COURNOYER, L., 1991. A Dendrogeomorphic Estimate of Shore Ero-
sion, Upper St. Lawrence Estuary, Québec. Journal of Coastal Research, 7(3), 607-615. Fort
Lauderdale (Florida). ISSN 0749-0208.

This paper presents an analysis of the distribution of uprooted trees and an estimate of sediment
loss based on dendrogeomorphic evidence. The study was conducted on a recently eroded shore
in the upper St. Lawrence estuary in Québec. Trees showed a significant reaction to uprooting,
making it possible to estimate sediment remobilization since they became established in the
upper shore. Degradation of shoreline forest occurred during extreme flood levels during the
last 35 years and especially in the 1970s. Landward displacement of the shoreline reached 3 to
4 m during extreme flood events, and sediment removal reached an average of 0.15 m?/m?/ year
during major flood years.

ADDITIONAL INDEX WORDS: Floods, dendrogeomorphology, woody population, shore ero-
sion, sediment, water levels.

INTRODUCTION

Displacement of shorelines associated with
long-term, water level fluctuations involves
loss and accumulation of sediment, but quan-
tification is problematic in many instances,
especially without any field markers or long-
term surveys. In some situations, especially in
inlets, estuaries or even along low-wave-energy
seashores, partly uprooted or buried trees
located at the water’s edge represent wide-
spread markers allowing dating of high water
events and a rough estimate of sediment budg-
ets, thereby providing a time-space framework
for coastal change reconstruction. Such trees
surviving after disturbance generally show
external evidence of damage, such as tilted or
broken stems, ice scars, exposed roots or buried
collar (junction point between root system and
stem, corresponding to the exact position of the
seed on substratum when germination
occurred) (ALESTALO, 1971; SicaF00S, 1964;
PHipps, 1967; YANOSKY, 1982; BRYAN and HuPp,
1984; Hurp, 1988; BEGIN, 1990). This paper
attempts to quantify, by means of dendrogeo-
morphic indicators, the sediment remobiliza-
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tion in a forested estuarine shore in the upper
St. Lawrence estuary in Québec. There, many
studies showed evidence of recent shoreline ero-
sion (OUELLET and BAIRD, 1978; PANASUK, 1987;
DionNE, 1986; 1989) that limits plant recruit-
ment and tree growth in bottomland forest
(BEGIN and Lavolg, 1988). The occurrence of
severely damaged trees, most being uprooted,
suggests that floods considerably disturbed the
substratum at the shoreline interface. Such
intense geomorphological activity in forest
margins has been reported often in fluvial and
lacustrine environments, whereas flood and ice
pushes control in large part bank dynamics
(SHULL, 1944; S1GAF008, 1964; LAMARCHE, 1966;
HarrisoN and REID, 1967, ALESTALO, 1971;
HeLLy and LAMARCHE, 1973; PAYETTE, 1980;
BEGIN and PAYETTE, 1988, 1990; Hupp, 1988;
BEGIN, 1990). In the upper St. Lawrence estu-
ary, we explored a method to measure the rates
of shore erosion by reconstituting the former
surface of sediments at the time the presently
uprooted trees became established and dating
the related changes by time-series analysis of
water level changes.
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STUDY SITE

The study was carried out near Grondines
along the north shore of the upper St. Lawrence
estuary in southern Québec (Figure 1). Shore-
line forest margins, dominated by Fraxinus
pennsylvanica Marsh., Ulmus americana L.,
Acer saccharinum L., Populus deltoides Marsh.,
P. balsamifera L. and Tilia americana L.,
occupy a system of transverse bars oriented per-
pendicular to stream and frequently sub-
merged. The gently sloping shores provided
favourable environments for tree establish-
ment in the past, whereas most trees are, at
present, fairly eroded and show regressive
growth forms due to recent disturbance. The
bars are made of schisty outcrops covered by
patches of gravel and sand in many lower shore
locations. Fresh water tidal marshes, domi-
nated by sparse mats of Scirpus americanus
Pers. and Sagittaria latifolia Wild., develop
between the bars on layers of silt covering the
bedrock (GAUTHIER, 1982). Semi-diurnal tides,
ranging from 1.92 to 2.65 m, characterize this
fresh water section of the St. Lawrence
(FORRESTER, 1972). Although penetration of sea
level goes as far as 80 km beyond the study site,
seasonal river discharge associated with high
tide events produces extreme floods reaching up
to 5.54 m above mean annual level; that is,
about 1.5 to 2 m above the lower altitude of for-
est. Ice pushes (2-3 m), occurring mainly in
April, and waves (1 m) developing during flood

events reach up to 6 m above mean annual level
and cause tree uprooting and destabilization.

METHODS

Woody vegetation at the water edge of three
adjacent transverse bars was investigated in
detail in order to estimate the sediment loss
since trees became established. Current posi-
tions of uprooted trees were mapped and the fol-
lowing specifics were gathered: species, diame-
ter, evidence of physical damage and
morphological anomalies (broken parts, basal
sprouts, ice scars, dead branches, and adventi-
tious roots). Characteristics of the surrounding
environment were also considered (shore
aspect, slope, presence of dead trees, driftwood
and high-tide debris, ice-drifted boulders); that
is, any evidence of ice and flowing water action.
The distance from the collar position (Figure 2),
which corresponds to the level of germination,
to the present level of the substratum was
measured for each uprooted tree, in order to
estimate depth of sediment removed and to
reconstruct the former level of the substratum
when it became established. The tree-based
measurement of sediment thickness were
recorded on a point map to distinguish zones
with equal sediment loss and to estimate vol-
umes of remobilized substrata. The altitude of
trees was also measured relative to mean sea
level by means of a network of data points con-
nected with the basal level used at the Gron-
dines gauge station located 15 km downstream.

71" 720

-2

Grondines

Trois-Rividres

T - g
/ [ .46
) P

‘ Ouébgc}/ 5/

T

7

Figure 1. Location map of the study area.
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Figure 2. Sketch diagram showing measurements applying to the relative position of tree collar according to substratum.

Levelling was carried out with an electronic
device (Type GDD, precision * 1 ecm/m of ele-
vation), using differences of pressure through a
silicon fluid between two sensors. Trees were all
cored close to collar position by means of a stan-
dard increment borer (Pressler type). Cores
were subjected to ring counts for age determi-
nation under a microscope (magnification:
40X). Following the analysis of the uprooting
depths relative to root-collar position of trees,
with the dates of tree establishment and of the
gauged high water events, we estimated rates
of erosion in terms of relative quantities of sed-
iment removed from lower forest margin as the
cumulative effect of the disturbance events that
occurred during recent decades.

RESULTS AND DISCUSSION

Age-Frequency Distribution of Uprooted
Trees

Among the 199 trees mapped along the bars
shore, Fraxinus pennsylvanica is the most
abundant species (43.8%), followed by Populus

deltoides (26.3%), Ulmus americana (11.6%),
Populus balsamifera (6.6%), Tilia americana
(6.6%), and Acer saccharinum (5%). While all
selected trees showed noticeable uprooting,
43.2% bear evidence of ice damage, such as ice
scars and stem or branch ice breakage. The fre-
quency of damaged trees is strongly related to
the distance from water (r, = — 0.84, p < 0.001:
Spearman rank correlation, SOKAL and ROHLF,
1981), that is, sensitivity to disturbance is
highest close to water (BEGIN, 1990). The pro-
portion of trees bearing ice scars from each spe-
cies also reflects their degree of exposure
related to their average position on the shore,
the closest to water being Fraxinus pennsylvan-
ica (565.6%), followed by Populus balsamifera
(42.9%), Populus deltoides (41.5%), Acer sac-
charinum (40%), Ulmus americana (29.2%) and
Tilia americana (20%). Most trees (64%) are
uprooted over more than 50% of their circum-
ference. As the selected trees were located at
the lowermost position on the shore, their age-
frequency distribution is thought to represent
the survivors of former phases of colonization
toward water. Among these trees, the ages of
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146 (73.4%) were successfully determined,
whereas 26.6% of core samples were rejected
because of rotten heartwood. The absence of
trees older than 70 years on the bars suggests
that older individuals were eliminated by pre-
vious high-magnitude disturbance events. At
the beginning of this century, prior to the use
of ice-breakers, archival data confirm the influ-
ence of major ice-jams (TESSIER, 1963). Such
events had a high frequency and reached very
high amplitude (> 5 m above the present limit
of forest margins). General age-structure pat-
terns for all species is multimodal and discon-
tinuous, which reflects a highly variable sur-
vivorship rate (Figure 3). After a period of tree
establishment centered in 1945-50, Grondines
forest margins regressed significantly land-
ward due to the erosion process. Survivors 44 to
49 years old (established between 1940 to 1945)
were especially frequent among most species.
Seedlings and saplings do not seem to subsist
long in this active zone, whereas large cohorts
of young plants are found inland (BtGIN, 1990).

Trees under the age of 20 lying at water edge,
i.e. whose establishment dates back to 1969, are
rare {(only 2 specimens found along the 1.7-km
shore surveyed).

Estimate of Sediment Deficit

Mean depth of uprooting is about 21 + 15 c¢m
for all trees studied and the average varies from
15 to 34 cm among species (Table 1). Maximum
erosion reaches 1 m deep. Among the 6 species
studied, the two aspen species (Populus del-
toides and P. balsamifera) showed the highest
ability to withstand erosion. Mature trees are
tall (diameter reaching up to 94 cm), and are
deeply and widely rooted. Fraxinus pennsylvan-
ica trees, on average the species closest to
water, have a dense rooting system, not as
widespread and deep as aspens, but fairly sta-
ble against erosion. Other species show little
resistance to uprooting and are carried off rap-
idly downstream by currents. The frequency of
uprooted trees and the thickness of sediment
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Figure 3. Age distribution of different uprooted tree species.
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Table 1. Characteristics of shoreline uprooted trees from dominant species.
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Acer saccharinum 253 + 8 33 18.3 = 9.4 38 8.7 + 25 1.15
Fraxinus pennsylvanica 18.7 + 11.9 53 185 = 12.1 53 21.1 = 346 19
Populus balsamifera 25 + 3.4 30 33.8 + 28.8 100 19.3 = 167 4.76
Populus deltoides 23.7 = 13.7 51 29.3 + 18.6 73 19.7 = 140 5.6
Tilia americana 18 + 8.5 24 14.6 + 6.1 25 125 = 59 1.67
Ulmus americana 27.6 = 10.5 43 16.7 = 11.2 45 98 = 77 2.24
All species 21.4 =+ 11.7 53 20.9 £ 15.1 100 18.9 + 27 19

removed also vary noticeably along the shore.
While the distance between former and current
positions of substratum shows replications from
neighbour trees located at intervals of less than
5 m, each point estimate yields valuable mea-
surements for surface units of about 25 m*. Con-
sidering the overall data set, a net deficit of
about 0.37 m®/m” is estimated. In the most
severely exposed sites, the estimate reaches
0.87 m*®/m?®. Isopachs drawn on a map through
points of equal thickness of sediment removed
indicate the position of former erosion surfaces
back to the period of tree establishment (Figure
4). About 5% of the presently eroded shore zone
shows a net deficit of about 20 cm®*/ m?, 22.8% of
40 cm®/m?, 12.1% of 60 cm®/m?, 7.9% of 80 cm?®/
m?, and 3.2% of 100 cm®/m?.

These figures based upon measurement of
sediment thickness removed from the base of
trees are merely estimates subject to a certain
margin of error. According to shore exposure
and stability of the different tree species, which
differ in depth, density and area of their root
system, the estimate of shore erosion depends
on availability of survivors in situ that can
yield dendrogeomorphic data. Such measure-
ments must thus be considered minimum. They
certainly underestimate the amount of sedi-
ment removed from the lowermost locations on
shore where trees previously existed but were
probably carried out by ice, waves or currents.
While reconstruction of the original germina-

tion level is based on measurement of the dis-
tance between current substratum level and the
collar position of a tree, this latter parameter is
subject to inaccuracy with large-diameter trees.
It seems likely that diameters over 25 cm, in
most cases, present a risk of error correspond-
ing to about 40% of the sediment thickness
measured. This flaw is sufficient to reject such
cases from the analysis. Small-diameter trees
(preferably < 20 cm) provided the best accuracy
(margin of error of less than + 15 cm) to deter-
mine the collar level. A way to improve such
measurment lies in anatomical analysis of wood
tissues among the different species. Most tree
species differ in proportion, size and type of
anatomical structures from stem to root wood.
For instance, root xylem of ash trees contains
denser vessels than stem wood. Microscopic
analysis of thin layers produced from cores
taken at regular vertical intervals around the
collar helps in many instances to detect
changes in the growth-ring pattern of trees,
making possible a fairly accurate assessment of
germination level, which is the position of the
original sediment surface.

Dates of Events and Erosion Rates

Estimate of erosion rates depends on accuracy
in dating geomorphic events. While in the
upper St. Lawrence estuary sediment remobil-
ization corresponds to spring floods, dates of the
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Figure 4. Map showing depth of sediment removed at the base of trees after they became established. Proportional symbols
indicate depth at 20 cm intervals. Isopachs are drawn by interpolation between points of equal uprooting depth.
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events can be obtained from the analysis of spe-
cific gauged water levels in conjunction with
annual ring width series from uprooted trees.
Among the individuals studied, 30% showed a
contrasted low growth pattern during the 1973-
76 period as a response to major floods. For
example, in 1974, water reached 6.26 m (Figure
5) and submerged the forest margin 14 times
during the year. Most significant floods occur in
early and mid-winter (January-February) and
during the spring period (March to May) and
provoke ice break-up. Large amounts of sedi-
ment are remobilized at that time. According to
gauged records, frequency of such events
increased during the last three decades as a
result of a highly variable flood regime. In
many sites, landward displacement of sediment
occurred and forest margins regressed at a rate
of about 1 m/year over the last 35 years, that is,
as much as 3 to 4 m on average during severe
flood years (e.g. 1974). Considering trees show-
ing suppression rings (narrow) as a response to
exposure of their root system, dates and depth
of uprooting showed an average sediment defi-
cit of 0.01 m®*/m?*/year over the last 35 years;
that is a rough estimate of what can be a min-
imum rate of erosion throughout the period.
Considering that loss of sediments is the cumu-
lative effect of many successive individual
events, we analysed the results from trees
showing reaction only in the 1973-1976 period
inclusively, without any subsequent irregular-
ity in ring width curves that could indicate sub-
sequent disturbance. Over these 4 extreme flood

years, the data set indicated a sediment deficit
of 0.15 m®/m” per year; that is probably the
maximum rate reached over the last three dec-
ades.

CONCLUSION

Although dendrogeomorphic tools can pro-
vide only a rough estimate of sediment deficits
along an eroded shore, they represent an orig-
inal and very simple way to gather data about
sedimentary budget where no other historical
survey is available. In such situations, most
estimates are based on aerial photos taken in
different years, in many instances with prob-
lems of scale and distortions. Knowledge of the
exact contribution of flood events in sediment
remobilization is far from complete, but this
study has shown that shore erosion can be
roughly estimated by a dendrogeomorphic
analysis. As trees are the most naturally wide-
spread markers, they proved very useful for
dating shore features such as sea-level
transgression on land, lake-level fluctuations,
and even to reconstruct ice-jam history. Using
tree evidence to measure the quantity of sedi-
ment removed from upper shore as the result of
well-dated floods can thus yield data for the
interpretation of shore dynamics in the past.
Study of old damaged shoreline trees, when
available, can certainly increase the potential
of flood history reconstruction through a den-
drogeomorphic appproach.
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Figure 5. Maximum mean daily water levels recorded at Grondines gauge station. The arrow indicates the maximum recorded
in 1974. Most trees (30%) werc uprooted during the 1973-76 period, when extreme water levels were recorded.
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[T RESUME [J

Cet article présente une analyse de la répartition des arbres déracinés et une estimation des pertes sédimentaires fondée sur la
dendrogéomorphologie. L’étude a été menée sur une plage du haut estuaire du Saint Laurent (Québec) recemment érodée. Les
arbres ont une réaction significative au déracinement, ce qui rend possible une estimation de la remobilisation sédimentaire une
fois qu'on a pu I'estimer sur le haut estran. La dégradation de la forét littorale s’est produite dans les 35 derniéres années quand
il y a eu des niveaux d’inondations exceptionnels, et surtout aprés les années 1970. Le recul du rivage a pu atteindre 3 4 4 m au
moment des événements extrémes et la quantité de sédiments enlevés était en moyenne de 0,15 m® par m? et par jour—Catherine
Bousquet-Bressolier, Laboratoire de Géomorphologie EPHE, Montrouge, France.

{1 RESUMEN [
Este articulo presenta un anadlisis de la distribucion de arboles desarraigados una estimacién de la pérdida de sedimento basada
en evidencias dendrogeomdrficas. El estudio fue realizado en una costa recientemente erosinada en la parte superior del estuario
del San Lorenzo, en Quebec. Los arboles mostraban una importante resistencia al desarraigo, haciendo posible la estimacion del
sedimento movilizado, ya que aquéllos permanecian arraigados en la parte superior de la costa. La degradacién del bosque costero
se produjo durante los niveles extremos de inundacién alcanzados en los ultimos 35 anos y, especialmente, en la década de 1970.
El desplazamiento hacia tierra de la linea de costa llegé a ser de 3 a 4 m durante los periodos de maxima inundacién y el sedimento
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removido alcanzé un promedio de 0.15 m®/m?/ano durante los atios de mayores inundaciones.—Department of Water Sciences, Uni-
versity of Cantabria, Santander, Spain.

[J ZUSAMMENFASSUNG [
Dendrogeomorphologische Analyse der Ufererosion am oberen Sankt-Lorenz-Astuar, Québec. Anhand der Analyse von Vegeta-
tionsverteilung und Bodenerosion bei Waldgesellschaften des Sankt-Lorenz-Ufers stellt diese Studie die Erosionphasen nach und
erklart deren Auswirkungen durch mepbare Sedimentdefizite. Das Anwachsen der Hochwassereinflisse bewirkt einen raschen
Uferriickversatz seit 35 Jahren, dessen Fortschritt im unterschiedlichen Jahreswachstum der Badume als Indikatoren nachvoll-
zogen werden kann. (Ubersetzung: Iris von Moers)
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