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ABSTRACT ARTICLE HISTORY
Energy production in the Williston Basin, USA, results in the coproduction Received 23 February 2016
of highly saline, sodium chloride-dominated water (brine). The Prairie Accepted 20 July 2016
Pothole Region (PPR) overlies the northeastern portion of the Williston KEYWORDS

Basin. Although PPR wetlands span a range of salinity, the dominant salt is Oil development; wetlands;
sodium sulfate, and salinities are much lower than brine. Introduction of macroinvertebrates; NPP;
brine to wetlands can result in pronounced water-quality changes; brine

however, the ecological effects of such contamination are poorly

understood. We examined the effects of brine contamination on primary

productivity, emergent macrophyte tissue chemistry, and invertebrate

communities from 10 wetlands in the PPR. Based on a recognized

Contamination Index (Cl) used to identify brine contamination in the PPR,

water-quality samples indicated that six wetlands were uncontaminated

while four were contaminated. Across this gradient, we observed a

significant decrease in above-ground biomass and a significant increase in

tissue chloride concentrations of hardstem bulrush (Schoenoplectus

acutus) with increased Cl values. Additionally, a significant decrease in

macroinvertebrate taxonomic richness with increased Cl values was

observed. These findings provide needed insight on the biological effects

of brine contamination on PPR wetlands.

Introduction

The Williston Basin has been a leading source of domestic energy production since the 1950s with
rapid new development occurring since the early 2000s. As of 1 January 2016, approximately 40,000
petroleum-related wells have been drilled in the Williston Basin and it is estimated that over 50,000
new wells will be required to reach full well capacity. Energy development in the Williston Basin
results in the coproduction of large volumes of saline water (brine). The ratio of brine to oil varies
by well, well age, and target formation; however, ratios of 10:1 are not uncommon for older wells
(Wanty 1997). Numerous pathways exist for brine to be introduced into the environment, including
historic storage and disposal practices, pipeline breaks, spills, well failures, and illegal discharges.
Overlying the northeastern portion of the Williston Basin is the Prairie Pothole Region (PPR).
The PPR is a glacial drift plain characterized by an abundance of highly productive depressional
wetlands that provide critical breeding habitat for many species of North American waterfowl.
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Energy development throughout the PPR has occurred in close proximity to wetlands. As of 2011,
34% of wetlands in the US portion of the PPR underlain by the Williston Basin were within 1600 m
of a petroleum-related well (Gleason & Tangen 2014). Since then, more than 2000 new wells have
been drilled, potentially increasing the percentage of wetlands with nearby wells.

Previous studies identified pronounced effects on water quality from brine contamination of sur-
face water and groundwater (aquatic) resources in the PPR (e.g. Preston & Chesley-Preston 2015).
Williston Basin brine is dominated by sodium chloride and has some of the greatest total dissolved
solid (TDS) concentrations in the USA with values >450,000 mg/L (Otton 2006). While aquatic
resources in the PPR naturally exhibit a wide range of salinity, the dominant salt is sodium sulfate
and TDS concentrations are generally <10,000 mg/L. Only 10% of PPR wetlands have naturally ele-
vated chloride concentrations (Gleason & Tangen 2014). Brine contamination increases the salinity
and relative chloride concentrations in PPR wetlands. Reiten and Tischmak (1993) created a
Contamination Index (CI) to identify the presence and magnitude of brine contamination to aquatic
resources across the range of salinities in the PPR. Although several studies have identified brine
contamination in the PPR, there is a paucity of literature pertaining to the ecological effects of such
contamination (Farag & Harper 2014).

Methods

A total of 10 wetlands on public lands were sampled in the summer and fall of 2012. In each wetland,
we characterized water-quality field parameters and documented the above-ground biomass and tissue
chloride concentrations of hardstem bulrush (Schoenoplectus acutus) stands. Hardstem bulrush was
chosen as it is common to wetlands across the region. Additionally, we documented macroinverte-
brate taxonomic richness using the lowest taxonomic level (usually genus). To ensure a contamination
gradient, wetland sites included six randomly selected sites and four sites with known contamination.

Water-quality parameters were collected in the field during June, July, and September; wetlands
with permanent standing water were sampled multiple times over the season. Chloride concentra-
tion and specific conductance were determined from the mean of three Hach QuanTab® chloride
titrator strips (accuracy £10%) and from a YSI®556 conductivity meter (accuracy £0.5%), respec-
tively. CI values, the ratio of chloride concentration (in mg/L) to specific conductance (in wS/cm),
were calculated for each wetland. Reported CI values are from the earliest sample collected as some
of the wetlands went dry during the summer.

Hardstem bulrush above-ground biomass was collected using four 0.25-m” quadrats at each wet-
land in late September. Quadrats were located in the center of the first monotypic strand encoun-
tered in each of four transects radiating from the wetland center along the cardinal directions. All
living plant materials in the quadrat were clipped at ground level and processed as in Ray et al.
(2012). In brief, the plant material was oven-dried and weighed, and reported biomass values are
the mean of all four quadrats. Next, inflorescences were removed and dried shoots were mixed and
passed through a 1-mm sieve. Elemental tissue analysis was conducted by the University of Missouri
Extension, Columbia, MI, using an inductively coupled plasma optical emission spectrometer. Chlo-
ride content was reported as a percentage of the dry sample weight.

Macroinvertebrate samples were collected from 9 of the 10 wetlands (wetlands with standing
water) using eight 0.5-m sweeps with a D-frame sweep net (0.3-m wide, 500-mm mesh) at each wet-
land in late September. Four sweeps were collected in vegetation near the shore and four were col-
lected in open water near the center. All sweeps were combined together to produce a single
composite sample per wetland. A minimum of 200 macroinvertebrates were randomly selected fol-
lowing the methods of Caton (1991) and identified to the lowest taxonomic level possible (often
genus; occasionally class or family) at Rhithron Associates Inc., Missoula, MT.

To evaluate effects of brine contamination on emergent macrophyte biomass and tissue chemis-
try and macroinvertebrate communities, we used linear least squares regressions to explore the rela-
tionship to the calculated CI values per wetland. Specifically, we regressed mean biomass (log
transformed), mean tissue chloride concentration, and macroinvertebrate taxonomic richness
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Table 1. Mean water-quality field parameters and mean hardstem bulrush (Schoenoplectus acutus) above-ground biomass and
macrophyte tissue chloride concentrations for 10 wetlands in the Prairie Pothole Region.

Chloride Specific Above-ground Tissue chloride

Water-quality concentration conductance Contamination biomass concentration
Site sample date (mg/L) (S/cm) Index (g/mz) (%)
1 7/26/2012 7 1761 0.0040 682 0.99
2 7/25/2012 79 5257 0.0150 804 1.18
3 9/28/2012 137 8340 0.0164 760 1.01
4 7/15/2012 52 2499 0.0208 1397 0.57
5 6/28/2012 84 3921 0.0214 1508 1.85
6 7/13/2012 30 1307 0.0230 953 0.73
7 9/27/2012 489 8030 0.0609 1389 0.99
8 7/10/2012 573 3243 0.1767 1061 275
9 9/27/2012 4756 15,620 0.3045 268 2.66
10 9/27/2012 5475 16,830 0.3253 454 2.87

against the mean CI value for each wetland. Due to the small sample size, a significance level of 0.1
was used to indicate the significance for all regressions.

Results and discussion

Water-quality parameters confirmed the sites spanned a contamination gradient (Table 1). CI values
from six wetlands were <0.035, the threshold used to identify contamination (Reiten & Tischmak
1993), while CI values from the remaining four were >0.035.

2 Ta
~ I
= 1 = X
D
X
w
w
o
£
S
o
§
0]
=)
k)
i
O
€
©
o
w
[17]
0 & - -
c
% . -l L]
o 15 4 -
]
o i
£

0 .

T T T T T T T
0.0 0.1 0.2 0.3

Contamination Index

Figure 1. Panels A, B, and C show hard-stemmed bulrush above-ground biomass, macroinvertebrate richness, and plant tissue
chloride concentrations plotted against Contamination Index values for 10 wetlands in the Prairie Pothole Region. Error bars in
Panels A and B indicate the standard error.



32 (&) T.M.PRESTON AND A.M.RAY

Mean above-ground biomass of hardstem bulrush strands significantly decreased with the
increased CI values (F(; g = 8.319, p = 0.020, with an r* of 0.51; Table 1; Figure 1(A)). Increased
salinity can reduce the primary production (Neill 1993) and the uptake of macronutrients (e.g. cal-
cium, magnesium, nitrogen, and potassium) in plants (Grattan & Grieve 1999). Reductions in the
uptake of growth-limiting nutrients can limit plant biomass (Koerselman & Meuleman 1996) and
the overall wetland productivity. Although the contaminated sites sampled in this study were not
necessarily the wetlands with the highest natural background levels of salinity (Table 1), these sites
did have the highest chloride levels. The introduction of brine can dramatically change the chemical
composition in wetlands and shift saline systems from ones previously dominated by sulfate to ones
dominated by chloride. In addition to reducing above-ground biomass, increased chloride levels can
also reduce seed germination (Baskin & Baskin 1998), alter plant community composition (Nielsen
et al. 2003), and overall primary productivity (Neill 1993).

Plant tissue chloride concentration significantly increased with the increased CI values
(F18) = 26.84, p < 0.001, with an 7* of 0.77; Table 1; Figure 1(B)). The use of plant tissue chemistry
has been used as a tool for comparing vegetative components in nutrient-enriched reference and
restored wetlands (Ray et al. 2012). To date, brine contamination in the PPR has largely been
described by documenting impacts to surface water or groundwater (Reiten & Tischmak 1993).
Unfortunately, surface water levels in the PPR are variable at multiple time scales (e.g. seasonal,
annual, and decadal) and the absence of water may limit the ability to identify contamination using
traditional water sampling methods. Moreover, surface water samples provide temporally discrete
data; however, they may not be representative of long-term conditions. In contrast, wetland plants
have the ability to integrate nutrient and salinity fluxes from surface water and groundwater over
periods extending from days to years and provide a living synthesis of site and ecological condition
(Lopez & Fennessy 2002). Perennial wetland plants can act as biological indicators of anthropogenic
stress (DeKeyser et al. 2003), and these results indicate that wetland plants may provide a proxy for
the presence and potential magnitude of brine contamination.

Macroinvertebrate taxonomic richness significantly decreased with the increased CI values
(Fa,7) = 4.661, p = 0.068, with an 1 of 0.40; Figure 1(C)). Macroinvertebrates are widely used indi-
cators of biological integrity and aquatic ecosystem health and are also recommended for wetland
assessments in the PPR (Adamus 1996). Overall, invertebrates represent a taxa-rich group in wet-
lands and generally serve as the principal link between aquatic macrophytes and other primary pro-
ducers (e.g. bacteria and algae), litter/detritus, and higher order consumers (e.g. amphibians, fish,
and waterfowl; Murkin & Ross 2000). Invertebrate assemblages in the PPR are thought to be less
rich than other freshwater wetlands (Euliss et al. 1999); however, despite this relative lack of rich-
ness, macroinvertebrates are a critical part of PPR food webs and serve as a primary food source for
breeding female ducks and pre-fledgling ducklings, as well as juvenile and adult amphibians
(Zimmer et al. 2000). The macroinvertebrate samples yielded 56 distinct taxa across 14 orders with
individuals from the order diptera (true flies) being the most common macroinvertebrates in the
majority of wetlands sampled (Table 2). Due to the large number of taxa and limited number of wet-
lands sampled, we were unable to identify systematic changes in major taxa with increased CI values;
however, the decrease in taxonomic richness with increased CI values suggests that changes in water
quality from the introduction of brine may selectively restrict the use of contaminated wetlands by
some macroinvertebrate species.

These results indicate the introduction of brine to PPR wetlands likely has deleterious ecological
effects related to primary productivity and benthic biota; however, additional work is necessary to
better understand and quantify these effects. For example, wetland plant species differ in their ability
to accumulate nutrients and convert nutrients into biomass (Ray et al. 2012); therefore, it remains
unclear if the reductions in biomass with increased CI values observed for hardstem bulrush would
be representative of other wetland plant species. Additionally, the long-term consequences of tissue
chloride accumulation, and biomass reduction, remain unknown. While this work illustrated the
potential to use plant tissue chloride as an indicator of brine contamination, our sample size is
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Table 2. Contamination Index values and macroinvertebrate counts, by order, for 10 wetlands in the Prairie Pothole Region. The
number in parentheses, if present, indicates the number of distinct taxa recorded within each order or wetland.

Wetland

Order 1 2 3 4 5 6 7 8 9 10
Contamination Index  0.0040  0.0150 0.0164 0.0208 0.0214 0.0230 0.0609 0.1767 0.3045 0.3253
Amphipoda 45 22 8 - - 55 18 10 - 9
Basommatophora 59 (4) 10 (2) - - - 13 (3) - 102 (3) - -
Coleoptera 1 3(2) 1 - 2 - - 4(2) 2(2) -
Diplostraca - - - - 1 - - 1 - -
Diptera 46 (9) 161 (11) 209 (15) - 209 (11) 56 (7) 157(9) 76(9) 162 (6) 210(8)
Ephemeroptera 34 (2) 2 - - - 31(2) 1 3 - -
Haplotaxida - 3 - - - - 2 - - -
Hemiptera - 9(3) - - 1 2(2) 8(2) 1 14 (4) 5
Maxillopoda® - - - - 2 29 - 1 12 -
Odonata 23 3 1 - 2 35 1 7 1 8
Ostracoda® - 2 1 - 13 2 33 5 33 -
Rhynchobdellida - - - - - 2 - - - -
Trichoptera - - - - - 1 - - - 1
Trombidiformes - 5(3) - - - 4 2 - - -
Total 208 (18) 220(26) 230(19) No Sample 230(17) 230(21) 222(17) 210(21) 224(15) 233(12)

Note: *Taxonomic level only recorded to class.

currently insufficient to identify a threshold concentration indicative of contamination. Lastly, the
PPR produces up to 50% of North America’s waterfowl and aquatic invertebrates are a key food
source for breeding and fledgling waterfowl. Thus, decreases in plant biomass and shifts in macroin-
vertebrate composition could have effects on higher trophic levels. We hope that the focus on mac-
rophyte and macroinvertebrate metrics will help advance public understanding of brine
contamination by translating the effects in terms of important ecosystem services.
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