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factors affecting tree growth
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Dendrochronology is the study of annual tree rings. By 
examining tree ring characteristics it is possible to elucidate 
environmental factors important for tree growth in a given 
region. The most common environmental factors affecting 
tree growth include temperature, precipitation, fire, and in-
sect infestations.

The forests of Labrador represent the easternmost edge of 
the boreal forest and have been termed the “forest of distur-
bance”, describing their reliance on fire, insect infestations, 
and other disturbance events to maintain arboreal diversity. 
Furthermore, the forests of Labrador, being adjacent to the 
Labrador Sea and their relatively high latitude in northern 
regions, make it ideal to investigate questions of marine in-
fluence, continentality, and potential climate change on the 
growth of boreal forest trees.

Our research approach varies from intensive, multi-species, 
single-site studies that illuminate species-specific disturbances 
(e.g., fire and insect infestations), to regional, multi-species net-
works that illustrate the spatially complex radial growth/cli-
mate relationship across Labrador. These regional networks 

divide Labrador into three regions: Eastern , Western and 
Northern.

In the Eastern Region the marine influence of the cold, 
foggy Labrador Sea is being investigated with a focus on dif-
ferential growth responses of trees to various climatic factors. 
In the Western Region continental effects are being evaluated 
against the marine influence of the Labrador Sea in order to 
determine the extent and magnitude of that influence. Lastly, 
in the Northern Region latitudinal treeline sites have been 
sampled to investigate the climate-growth relationship of trees 
growing at the edge of their limit. As these trees are persisting 
at the edge of their limit they will be the first to feel the effect 
of any natural or anthropogenically forced climatic change. 
Therefore, once established this relationship will help us bet-
ter understand how the boreal forest will respond to changing 
climatic conditions.

In addition to the regional networks of living trees spanning 
across Labrador, sub-fossil logs preserved in shallow ponds on 
upland tundra sites and abandoned terrace sediments of main 
river systems offer an opportunity to extend the paleoclimatic 
record of Labrador climate to approximately 3000–4000 years 
before present. Together, the tree ring data from these various 
studies will improve our understanding of boreal ecosystems 
in Labrador, with particular emphasis on their sensitivity to 
local climates, their evolution under past climates, and their 
predicted response to future, perhaps very different, climatic 
conditions.
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Once multibeam sonar and ground-truth data have been ac-
quired and processed, our classification procedure involves the 
following steps: (1) identify unique substrate classes from grab-
samples and video images; (2) use Exploratory Data Analysis 
(EDA) to examine the distribution of multibeam sonar-derived 
depth, slope and backscatter values for sampled stations in 
each substrate class; (3) from the EDA results, generate super-
vised classification rules for substrate mapping of multibeam 
coverage; (4) define habitats by determining which substrate 
classes have statistically unique biological assemblages; (5) 
establish statistically determined characteristic taxa for each 
habitat class; and (6) use a Geographic Information System 
(GIS) to execute the classification rules for each pixel in the 
gridded multibeam dataset and run accuracy and ambiguity 
tests on the mapped substrate and habitat classes. Accuracy 
maps are based on ground-truth data withheld from the initial 
classification procedure, while ambiguity maps determine the 
extent to which pixels were assigned multiple classes and the 
class associations. Parts of this procedure have been automated 
in a software tool developed as an extension to ArcGIS 9.2 to 
allow faster production of the substrate maps and the assess-
ment of their accuracy.

Two case studies illustrate our mapping approach and 
highlight a range of applications in varied coastal settings. 
Nunatsiavut Nuluak is a research network that addresses 
Inuit concerns about the effects of climate change, modern-
ization ,and contaminants on fiord-based marine ecosystems 
in northern Labrador. Our marine mapping component in-
volved a baseline inventory and comparative assessment of 
benthic habitats in Nachvak and Saglek fiords; the former rep-
resents a pristine ecosystem adjacent to the Torngat Mountains 
National Park, whereas the latter has been exposed to a his-
torical source of PCB contamination. Gilbert Bay is a Marine 
Protected Area (MPA) in southeastern Labrador, designated 
to protect a genetically unique population of Atlantic cod. The 
ecosystem-based management plan for the MPA requires in-
formation on benthic habitats for cod and other species to 
make scientifically defensible management decisions and es-
tablish monitoring protocols.
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Records of environmental processes and conditions (over 
decadal to millennial timescales) are very sparse for the Torngat 
Mountains National Park Reserve (Canada’s newest National 
Park, in Northern Labrador/Nunatsiavut, Canada), although 
recent evidence indicates that the Labrador Peninsula is un-
dergoing rapid environmental changes. In order to evaluate 
marine sedimentary records of river discharge (of sediment, a 

proxy for water discharge), a program of sonar seabed mapping, 
sediment coring, water-column measurements, and stream 
measurements was initiated in 2008 for the McCornick River (a 
presently glaciated catchment of 80 km2 area), Nachvak Brook 
(presently unglaciated, 170 km2 area), and associated marine 
basins in Nachvak Fjord and Saglek Fjord, respectively. In the 
summer of 2008, approximately 180 km of sidescan and sub-
bottom survey lines were collected from deep, muddy marine 
basins closest to the two river mouths, to augment data col-
lected during previous ArcticNet cruises. Boxcores were col-
lected to sample specific acoustic facies identified in sonar, and 
cores were subsampled for analysis of sedimentary structures 
(X-radiography), radioisotope geochemistry (Th234, Be7, Pb210, 
and Cs137, to evaluate sediment depositional processes), and 
granulometry.

Preliminary analysis of sonar results suggest that the thick-
ness of postglacial sediments in the marine basin for the 
McCornick River (16 km2 area, 150–170 m deep) is 5–10 m, 
and 10–20 m in the basin off Nachvak Brook (20 km2, 250 m 
deep), implying that sediment volumes are proportional to 
catchment area. In both basins, sediments have been deposited 
in wedges that thicken towards the river mouth. X-radiographs 
of sediment cores show very faint stratification in mostly bio-
turbated clay-rich sediments. The presence of stratification in 
bioturbated sediment, however faint, is suggestive of rapid 
episodic sediment delivery (such as by gravity-driven mech-
anisms), rather than from water-column plumes. This pos-
sibility is being evaluated in more detail at present through 
radiometric and granulometric analyses of cores. Rapid trans-
fer via gravity-driven flows from river mouth to a deep, proxi-
mal marine basin would enhance the preservation potential of 
such episodic deposits, improving the utility of such sediment 
records as proxies for fluvial discharge in the recent past.
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Recent studies of many major fluvial-marine dispersal sys-
tems have identified the importance of high-density sediment 
suspensions (fluid muds) in cross-shelf transport of sediment, 
and resulting lithofacies distributions. We have undertaken 
seabed studies on the inner shelf west of the Atchafalaya River 
Delta to elucidate controls of cold-front passages and seasonal 
supply of river sediment on formation, deposition, and physi-
cal properties of muddy seabed. Sediment boxcores were col-
lected during cruises in February, March, and April 2007 and 




