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Hydrogeochemistry and Peat Development in a Coastal Cedar-Hemlock
Bog-Forest Complex

lntroduction

In the Plince Rupert Forest Region of Bitish
Columbia (BC).low 10 mid-clcvation coastal ce-
dar-hemlock tblest ecosystenls have developed
hydrological conditions thirt control the degree
ofroot zole saturation and nuLricnt supply. Within
the North Coast Timber SupplyArca, only 67c of
the Ll4 mill ion ha land base is considered opcr-
ablc (BCMOF 199,1). Oppotunities exrst to ex-
pand into previously uneconomical, lower pro-
ductivity, lowland coastal lbrests. Han'esting these
f , ' r ' c s t .  u i l l  r r l t c r . r ' i l  t r r , i s t u r e  t , ' n J i t i r r n . .  u r t e r
table elevation and duration, and nutdent fluxes.
A projected rise in the shallow u"ater table nay
have al impact on peat developnent and conse-
qucnlly, on lbrcst tree growth. Under such con-
ditions. decreased soil aeration would limit oxy
gen and nutrient supply in the rooting zone. The
successof second-growth forcsts will alsobclinkcd
to expected changes in peat development processes
both within peatlands and between peatlands and
adiacent forests. As peat developnlent progresses.
well-drained surlicial systcnrs are replaced by
poorly drained conditions. The impedance ofdrain
agc rcsults in the rephcement offbrest plant com-
munities by bryophytes with concomrtant \,trria-
tion in hydrology ard geochemistr,y.

The plan to harvest lowland stands has cre
ated a need to understand thc hydrological ancl
ecokrgical processes in these ecosystems. A multi-
disciplinary collaborative studv "Pattem, Proccss
and Productivity in Hvpermarit ine Forests of
Coastal Brit ish Columbia' (HyPr) was theretbre
initiated with the aim of providing some guide-
lines tirr the sustainable management of these

lbrests. This paper is one outcome of HyPr and
presents some prcliminary infbrmation on the
hydrogcochemistry and peat development \\,ithin
a representative bog-fbrest complex.

Study Area and Methods

Thc study site is located in the Diana Lake Pro
vincial Park, approximately 20 km southeast of
Prilce Rupert. BC, and is charactcrized by
hypcrmarit ime conditions with tiequent pedods
of fog. Soil fonning processes arc dominated by
thc accumulation oforganic matter and peat. The
bedrock geology consists of gneisses and schists.

A 500 m transecl was cstablished tlom a low-
land forest, through bog woodland. bog. and tnto
aproductive upland forest (Figure 1). The reseuxh
was conductcd from 03 July 1997 to 1,1 January
1998. Water table depth and hydraulic head data
\\"erc obtained liom a series of wells and piezom-
eters (2.5 cln diameter PVC pipc) installed within
each vegetation conmunity. Hydraulic conduc-
tivit)' for each piezometer was dctcrmined by the
Hvorslev \\"ater level recovery method (Freeze and
Cherry 1979). Vctical and horizontal (firg) pre
cipitation were monitored continuously using tip
ping bucket rain gauges. The fog collection ap-
paratus is descdbed in Price ( 1992). Samplcs for
chemistry were collected from polycthylene
manual ririn gauges. Throughfall was collcctcd
in staioless steel V shaped 8 m long troughs, at
an algle of 10" liom the horizontal, emptying into
a tipping bucket rain gauge. A similar apparatus
using a polyethylene trough wi,rs used to sarnple
throughtall f or chemistl_a.
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Figufe L Schcnr idc pfol i le  of the bog lorcs(  complex.

Samples for chemical analysis were collected
every other month. Groundu,ater srmplcs were
collectcd from piezometer nests al fi\,e sampling
' l . r l i t ,n .  in  e rch , ' l  the  f i r .  regeta t ion  comt t t t tn i -
t ies. Soil watcr was collected in the ti)rcst com
nrunities using ceramic-cup soil $ater samplers
at 15- . 35- . and -55 cm depths. Srmplcs were
lield filtered. preserved and storcd at'+"C, rnd lrtcr
ana)yzecl t irr pH, electdcal conducti\ i1),. major
ions, alkalinit5r, reactive sil ica, and dissolved in-
organic and organic carbon.

tsorings and soil pits were used to charactcr-
i7e the naturc of the unconsolidated mineral de
posits overlying thc bcdrock, the depth oforganic
mattcr, and stratigraphic composil ion of peat in
the bog. Seven acidit ional cores within lhc bog
rvoi land and the bog were takcn for detailed
analysis of soil bulk density. ash contelt. and ra-
diocarbon dating.

Results and Discussion

The vcgetation cornmunities are in parl relaied
to slope and in part relatcd to the peat component
in the soil prolile. More productive tbrests occur
on stccp, well drained sites. On slopcs of lorver
gradients, peat has accunulated ard u atel tables
arc relatively shallov. The ability to moderate water
table 1'luctuation is related to the thickness of thc
unsalurated zone. Water table response to storm
events is much more rapid in the bog rvoodland
and bog as compared to the lowland and uplancl
ti)rcs1 systems u,here responsc tinles lag by sev
eral days. Vertical hydraulic gradients u'ithin the
lowland folest (0.001). bog woodland (0.01), and
bog (0.00.1) indicate a rveak dovnwarcl f'lorv of
water. The rate of t'lo$ through $e organic soils
depelds largely on porosity. Undeconposed sur-
tice pcats have specil ic yields of0.05 - 0.08 cn'/
cmr and allorv rapid vater movcment.As indicated
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by specitic yields (0.12 - 0.-58 cmr/cm'). the more
decomposed peats pelnit l i tt le water movement.
The rate of watcr movement depends largely on
the peat material fbund in thc organic prolile.
Hydraulic conductivit ies were lbund to covcr a
rangc of values (5.1 x 10-r - 2.7 x l0 r cm s r.).

H"vdraulic conductivity in thc lowland lbrest, bog
fbrest, bog rvoodland. and bog averaged 9.3 x 10
i .  3 . 1  x  l 0  5 , . 1 . 7  x  1 0 6 .  a n c l  1 . 7  x  1 0 6  c m  s r ,
resPectivel).

As thc peat component in the soil proll le in
crcases. the pH ofsoil and ground water decreases.
This acidit jcation is due to microbial activity and
the cirtion exchange capacity of Sphagnan spe
cies. The predominant major aDion and cation in
grouncl and soil water solution $'ere Cl and Na*,
respectively. The absence of sulphate and nitrate
could be related to forest uptake and rcdo)( plo
cesses under the high water lable conditions. The
dominant base cations are Mg* and Ca*. Thc in-
t'lucnce of base cations increases with depth, re
flecting the inf'luence of nineral soil and ground
wrter discharge. Further satnpling is required
before geochemical paltcms can be clearly es-
tablishcd.

ln the central paft of the bog. peat fomation
began 11 000 cal y tsP and has progressed
downslopc laterally at rates varying from 0.5 to
6.8 cllr y I and vefi ic l ly at a ratc of 0.15 t 0.01
(SE) mm y r. Paludification seems t() have been
thc pdnlary mode of peatland clevclopment. The
ulper l ir) er', l  lhc :lr.rt igraphic proti le.. r 'n rpri. ing
the bog and bog $(xrdland complexes (Figure 2),
are composcd primarily of Spiagnunr ttnd Sph-
tugtruntlsedge peats underlain in maly places by
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woody pert $'ith charcoal. Podzolic paleosols.
indicating a fbrmer firrest componenl. rvere also
present in some cores at the peatland-underlying
mineral contact. Linnic peats at the northern edge
of the bog rnay indicatc lormer open water wet-
lands. The depth of the peat is greater along thc
nofihem edge and in the middlc of the peatland
compared to the shallower bog lbrest area b the
south. Ash content (7.110.9 (SE) % of dry mat-
ter) and longterm rates of carbon (C) accumula
tion (6.31 0.6 (SE) g m r y r) are substantially
lou,er in comparison to published data lrom bo-
rcal peatlands (Ovenden 1990, Toloncn and
Turunen 1996). Variation in C accumulation rates
indicate horizontal carbon t'lorv in thc mincral
subsoil. Considcring the C accumulation densi-
ties ir each vegetation community, only the aver
age C density lbr the minertl subsoil of the bog
forest ditfcred significantly compared to the bog
(p=0.01l). The accumulation olC in the bog for
est may indicale traDsport from turtber upslope;
however. the origin ol this C will not be known
until C-l,1dating is complete.

Although the data are prclimin y. this study
will contribute insights into bog-firrest complcxes
that wil l bc used to develop management guide-
lines for the hypermaritime firrcsts of BC. Future
research will morc closely examine the interaction
between the hydrological systcm. geochen.fcal
processes. and peat development.
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