Comment on MDEQ’s Environmental Assessment of Residential Subdivision #2
at the Quarry, Adjacent to the Middle Gallatin River, Montana

by JoAnn Burkholder, Ph.D., January 8, 2025

|. Overall Evaluation

[ am an aquatic scientist with more than 40 years of experience in assessment of nutrient
pollution impacts on surface waters (curriculum vitae attached). I was requested by Upper
Missouri Waterkeeper to evaluate the scientific merit of the Montana Department of Environmental
Quality (MDEQ) Environmental Assessment of the Residential Subdivision #2 at the Quarry
(applicant, Big Sky Rock, LLC, proposed permit/license numbers EQ# 24-2567 and 24-2568)
(MDEQ 20244, hereafter referred to as the EA), including the science involved in various issues
covered in the EA. The writing below contains my expert opinions, which I hold to a reasonable
degree of scientific certainty. These opinions are based upon my application of expertise and
professional judgment to the sufficient facts and data after reviewing pertinent available
documents and a large body of science literature.

The MDEQ EA for the Quarry Phase 2 Subdivision (hereafter, the proposed Quarry project)
describes each of four proposed lots (9-12) as having a Level II public residential septic system and
drainfield for wastewater treatment. Lots 9 and 10 would each have 12 condominium units with
maximum wastewater flow of 3,000 gallons per day (gpd) per lot, or a maximum of 72,000 gpd.
Lots 11 and 12 would each have 11 condominium units with a maximum wastewater flow of 2,750
gpd per lot, or a maximum of 60,500 gpd. One on-side retention pond, swales, roadside gutters,
storm sewers, and manholes would provide Stormwater retention and treatment. The proposed
development lies about 1,200 feet west of the middle Gallatin River. The middle Gallatin River
(sometimes also referred to as the upper Gallatin River; e.g., Gallatin River Task Force [GRTF] 2018-
2023) is about 40 miles long, extending from the Yellowstone National Park boundary downstream
to the confluence with Spanish Creek (Figure 1).

MDEQ (2023a) listed the middle Gallatin River segment (MT41H001_021) assessment unit
as impaired due to nuisance algal blooms as a result of nutrient pollution. The term “nuisance algal
bloom” refers to a legally cognizable level of undesirable bottom-attached algae that detracts from
recreational and aesthetic values of the river, and also has the potential to negatively affect aquatic
life by degrading river habitat conditions for beneficial aquatic life.

My overall assessment is that the proposed development will cause or contribute to
additional nuisance algal growth and water quality degradation in the already-impaired Gallatin
River segment that will receive most of the septic effluent wastes. The predominant nuisance
bloom-forming macroalga, Cladophora, is naturally occurring but especially thrives in nutrient-
contaminated waters under conducive environmental conditions (Burkholder 2009, Suplee et al.
2012). Since 2018, high-biomass nuisance Cladophora blooms have characterized the middle
Gallatin River and/or its tributaries as a common seasonal occurrence (GRTF 2023).

More than a decade earlier, and nearly two decades before the middle Gallatin was listed as
impaired, nitrate contamination in an area with septic systems and other wastewater from human
sewage already had been linked to adverse shifts from pollution-sensitive to pollution-tolerant
macroinvertebrate communities in the West Fork middle Gallatin River tributary (Bollman 2005).
MDEQ (2006) had assessed impacts of watershed development on the middle Gallatin River as
mostly secondary and cumulative. MDEQ (2006) had forecast that, because regulations applicable
to septic systems assess each application independently rather than cumulatively, water quality



likely would degrade over time if the middle Gallatin was not protected from increasing septic
systems and other development. This identified need for increased protection of the middle
Gallatin was consistent with MDEQ’s statement that the agency “uses science to protect Montana’s
environment and improve water quality....” (https://deq.mt.gov/). However, this EA will not protect
the Gallatin River or improve its water quality because MDEQ'’s assertion (wrongly presented as a
conclusion, p.31) of non-significant impact is not based on science. Science-based evaluation shows
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Figure 4. Map showing the middle Gallatin River and some tributaries. The river flows north from the
headwaters in Yellowstone National Park downstream to Spanish Creek. Also shown is the site of the
Quarry planned urban development (PUD) and sampling information from 2023 monitoring by the
Gallatin River Task Force. Green and green-bordered dots indicate more concerted sampling effort on
the West Fork tributary. Modified from GRTF (2023). Insert map: gold outlines the Gallatin River basin;
red outlines the middle Gallatin in Montana and the headwaters (upper Gallatin) in Yellowstone National
Park, Wyoming.
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that, rather than restoring protection of the designated uses of the middle Gallatin, the proposed or
planned wastewater treatment systems would cause or contribute to continued and expanded
nuisance algal blooms, cumulative impacts resulting in additional degradation, and further impair-
ment of designated uses, as explained in detail below.

Il. Brief Primer on Nutrients and Nutrient Pollution

IlLA. Key Nutrients Nitrogen and Phosphorus

About two dozen elements are essential for growth of primary producers, the algae and plants
at the base of aquatic food webs. Focus here is on algae, the major food resources at the base of the
middle Gallatin River food web. An essential nutrient is required to complete the life history of the
organism and it is not substitutable (Taiz et al. 2022). Supply of that nutrient has a direct effect(s)
on algal physiology and growth. No other nutrient can substitute in meeting the physiological
needs of the algae. The scientific recognition of “primary nutrient limitation” dates back to Liebig’s
Law of the Minimum in the 1840s, from agricultural literature on crop yield (Liebig 1847). In
rivers, if a nutrient is limiting algal growth, then its amount in algal cells will decline to a low level,
and the nutrient in lowest concentration relative to the specific requirements for that alga will limit
growth. That is, the nutrient in least supply relative to the need of the alga will limit growth,
whereas increases in plentiful nutrients will have little effect. Among all available environmental
nutrient supplies needed for algal growth under natural conditions, nitrogen and phosphorus are the
essential nutrients that algae run out of first (Vallentyne 1974, Wetzel 2001). The relatively low
supplies of these nutrients prevent excessive algal growth.

Nitrogen (N) is an essential nutrient, required for organisms to make amino acids, proteins,
enzymes and coenzymes, nucleotides, and nucleic acids (genetic material), chlorophyll pigments,
and various other essential algal pigments. The forms of N that many algae and plants generally use
for growth are ammonia (ionized form, ammonium) and nitrate, two types of inorganic N (N;).
Algae and plants can also use certain forms of organic N for growth, such as urea and some simple
amino acids (Hecky and Kilham 1988). In natural (background) conditions, most of the TN consists
of organic N (Stanley and Maxted 2008).

In assessing aquatic systems for N abundance to primary producers, either TN or N; forms are
usually considered. Processes involving N in surface waters are more complicated than those
involving P, partly because nitrate, another N; form called nitrite, and ammonia/ammonium, can be
toxic to algae and plants depending on the concentration. Low amounts are beneficial, but high
amounts are detrimental and these nutrient forms act as chemical poisons (Camargo and Alonso
2006, Glibert et al. 2016). Ammonia/ammonium can act in a third way as well: It can be an oxygen-
demanding substance because it takes up oxygen in transforming to nitrate (Mallin et al. 2006). The
highly bioavailable forms, ammonia (ionized form, ammonium) and nitrate, are most important in
controlling algal growth, with limited storage capacity inside the cells (Glibert et al. 2016). Whereas
nitrate is highly soluble, ammonium acts much more like phosphate in being highly insoluble and
easily adsorbed to particulate materials (Stumm and Morgan 1996).

Nitrate is usually the most abundant N; form in shallow surface waters (Wetzel 2001, Stanley
and Maxted 2008 and references therein). Although untreated and partially treated sewage,
including septic effluent leachate, initially contains high concentrations of N; as ammonia, as the
effluent travels downstream or percolates through oxygenated soils, nitrifying bacteria transform
the ammonia to nitrate (Lusk et al. 2017). Nitrate exposure in the water column can adversely
affect many metabolic and reproductive processes. Nitrate interferes with fish steroid hormone



synthesis, and adversely affects fish fecundity and sperm motility/viability (Poulsen et al. 2018).
At concentrations ranging from 0.2 to 5.1 mg nitrate-N/L, nitrate exposure has decreased immune
response, reproductive activity, and embryo dry weight; acted as an endocrine disruptor; and
induced adverse hematological and biochemical changes in aquatic fauna (Poulsen et al. 2018).
Certain aquatic/amphibious species known to occur in the middle Gallatin River are especially
sensitive to nitrate toxicity, such as young stages of salmonid fish and early instar caddisfly larvae
(Kincheloe et al. 1979, Camargo and Ward 1995).

Phosphorus (P) is also an essential nutrient, required for organisms to make the energy
currency for cells, ATP, and other nucleotides. In addition, P is a component of nucleic acids such as
DNA, certain proteins, several important coenzymes, membrane phospholipids that are required
for cell survival; and P is attached to many different substances that are important in photosyn-
thesis and respiration (Taiz 2010). Algae generally use the inorganic phosphate ion for growth (Pi
or PO4+P, also referred to as orthophosphate, or soluble reactive phosphorus SRP), so it is highly
bioavailable. P;is usually very low in supply in most natural surface waters, typically < 5 pg PO43P
(Wetzel 2001), variably higher in rivers draining P-rich bedrock (Deas et al. 2024 and references
therein).

Phosphate is relatively insoluble in oxygenated alkaline waters (Stumm and Morgan 1996),
such as the middle Gallatin River (alkaline conditions as indicated by hardness and pH data; GRTF
2023), and readily adsorbs to sediment particles and detritus (Froelich 1988). Algae can use
enzymes called phosphatases to gain access to some of the adsorbed phosphate supply (Singh and
Pandey 2023). Algae luxury-consume phosphate—that is, they take up much more phosphate than
they need at the time), so that the phosphate ions left in solution are usually much lower in supply
than the P stored in their cells. Therefore, in assessing aquatic systems for P abundance to primary
producers, the TP concentration, which includes the P in the algal and plant cells, is usually used
(Wetzel 2001).

II.B. Importance of Both Nutrient Supplies and Ratios (Supply Proportions)

Two aspects of nutrients are important in assessing aquatic ecosystem health: N and P
supplies and the N/P ratio (proportion) (Figure 2). The nutrient supply sets the total amount of
algal production. If a nutrient is in limiting supply for algal growth, then algae respond to an
increase in that nutrient by producing more cells, indicated by the vertical portion of the growth
curve in Figure 3. As the nutrient supply continues to increase, a point is reached when the algae
become nutrient-saturated, that is, so nutrient-replete that they cannot produce more cells in
response to more nutrient supply. Nutrient saturation is shown by the horizontal portion of the
growth curve (Fogg and Thake 1987).

Nutrient supplies are described quantitatively as concentrations or loads. Concentration
refers to the amount (mass) of nutrient in a defined volume of water (units: micrograms per liter,
ug/L, or milligrams per liter, mg/L). Load refers to the total amount of nutrient entering the water
over a specific period of time (units: kilograms or pounds of the nutrient added per year). Load is
calculated as nutrient concentration x total volume of water added. Ambient nutrient concentra-
tions indicate the supply available to support algal growth (Hecky and Kilham 1988, Mallin et al.
2006). Algae cue in on concentrations, not loads. Nutrient loads assess the overall nutrients
supplied to an aquatic ecosystem over time, generally on a per-year basis (National Research
Council 2000).

The nutrient ratio sets the food quality at the base of the aquatic food web (Figure 4) which,
in turn, strongly influences all trophic levels. Nutrient ratio science (nutrient stoichiometry) is the



N and P influence aquatic food webs in TWO basic ways
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Figure 2. Diagram depicting the importance of both N and P supplies and N:P
supply ratios in assessing ecosystem health and impacts of nutrient pollution.
Modified from Burkholder and Glibert (2024); (*) derived from the U.S. EPA
(2000a) recommendations for minimally impacted conditions in the nutrient sub-
ecoregion containing the affected Gallatin River segment.
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study of changes in the relative proportions of critical nutrients (especially N and P) available in the
water, in comparison to differences in the allocation of these elements in algae and other aquatic
organisms (Glibert et al. 2011). It is rooted in what is called the Redfield ratio (Redfield 1958: 7 N
to 1 P, by mass, for balanced or healthy algal growth), wherein scientists noticed that water-column
ratios of several essential nutrients for algal growth were similar to the nutrient ratios inside the
algal cells. Rapidly growing algae exhibit nutrient uptake ratios similar to the Redfield ratio,
reasonable since the biogeochemical cycles of N and P are closely related to biological processes in
aquatic systems. The water-column N:P ratio heavily influences the quality of algal primary
producers as food for aquatic animals.
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Figure 4. Conceptual diagram of commonly reported changes in the base of river food webs from
sewage.

Background: Nutrient supplies and N:P ratios control algal dominance which, in turn, controls food
quality at the base of the river food web (Glibert et al. 2011 and references therein). Algal species vary
by 10,000-fold in size, from relatively small diatoms to large-celled flamentous green forms (Finkel et al.
2010). They have different needs, analogous to different physiological needs by mice versus elephants,
and their innate optimum N:P ratios differ. The most favored algal physiology changes across the
gradient of N and P availability; N:P ratios affect cell size, pigments, enzyme activities, and growth rate
(Finkel et al. 2010, Glibert et al. 2011).

Sewage commonly shifts food quality at the base of the food web from beneficial diatoms to filamentous
green algae, causing a “domino effect” that (directly or indirectly) adversely impacts higher trophic levels
from microscopic animal-like protozoans to macroinvertebrates and fish (Burkholder and Glibert 2024).

Although the Redfield ratio is widely applied to indicate aquatic ecosystem health, nature is
more complicated—the optimum ratio can vary somewhat depending on the algal species
(Hillebrand et al. 2013). Deviations from the Redfield ratio have been inferred to indicate nutrient
limitation (N limitation when the N:P ratio is below 7; P limitation when the N:P ratio is above 7).
[f the ratio is borderline (similar to 7), N and P may be co-limiting. Many freshwaters are P-limited
(Redfield ratio above 16:1 by atoms), but various Montana rivers tend to be N-limited (Redfield
ratio below 16:1) or co-limited by both N and P (Suplee and Watson 2013, Suplee et al. 2024).

The middle Gallatin River is an example of a N-limited system. The U.S. EPA (2000a) reported
minimally impacted conditions for rivers in Level III ecosystem 17, which includes the Gallatin
River, as 90 ug TN/L and 15 pg TP/L; thus, the TN:TP ratio was 6, suggestive of N limitation. This



ratio fits the general profile of the middle Gallatin, historically oligotrophic (MDEQ 2006) although
draining some volcanic P-containing rock areas and potentially N-rich shale/sedimentary deposits
(Holloway 2011, Montross 2013, Deas et al. 2024). Nevertheless, P levels are consistently well
below the state numeric TP criterion for the Gallatin as the river exist Yellowstone National Park,
and the P levels rapidly decline downstream (WGM Group 2023). Recent bioassays of the Gallatin
and tributaries indicated that the mainstem river near the Yellowstone National Park boundary and
above West Fork, as well as tributary upper Deer Creek, were N-limited (MDEQ 2023b). Benthic
algae in the Taylor Fork tributary responded most strongly to N+P enrichment, suggestive of co-
limitation (MDEQ 2023b).

Il.C. Nutrient Pollution and Sensitive Aquatic Ecosystems

Nutrients are essential for primary producers such as algae, which directly and/or indirectly
support aquatic food webs. In moderation, nutrients may promote beneficial increases in benthic
algal production and, in turn, higher production of zooplankton, macroinvertebrates, and fish. When
added in excess, however, nutrient pollution can cause many acute and chronic impacts (below).

Nutrient pollution (“cultural eutrophication”), especially by N and P, is among the most
important sources of impairment to U.S. surface waters (U.S. EPA 2000b, 2017; National Research
Council 2000). Cultural eutrophication (often abbreviated as “eutrophication”) is the process of N
and P contamination of surface waters from human-related sources that commonly add extremely
high levels of N and P, relative to what is natural background, so that the affected aquatic ecosystem
is pushed out of balance to an unhealthy state (Burkholder and Glibert 2024). Eutrophication is a
gradual natural aging process of freshwaters (often hundreds to thousands of years) as they become
more nutrient-rich (Wetzel 2001). Cultural eutrophication greatly accelerates that process. It much
more rapidly promotes production of algae and other biota as well as major adverse shifts in the
structure and abundant species of algal/plant and animal communities.

Aquatic ecosystems are extremely sensitive to nutrient additions (Figure 5). In fertilizing
lawns or croplands, people are accustomed to thinking in terms of pounds of N and P fertilizers that
are added to grass or soil, followed by watering to move the nutrients down to the plant roots. In
contrast, algal primary producers are much smaller than grass or crop plants; they have propor-
tionately much more surface area to take up nutrients relative to their size, and they are immersed
in water so that addition of nutrient pollution makes the water analogous to a nutrient broth.
Increased nutrient supplies above natural background levels often stimulate too much algal growth,
especially of “weedy” or nuisance, pollution-tolerant species that grow best with elevated nutrients.

Overall, nutrient pollution can damage aquatic ecosystems in two basic ways: First, through
an increase in the available amounts (supplies) of N and P that stimulate outbreaks (“blooms”) of
nuisance algae; and second, through a shift in the proportion (supply ratio) of N relative to P
supplies. Surface waters affected by nutrient pollution usually have both problems: The N and P
supplies are elevated in comparison to background (reference or minimally impacted) conditions,
and the N:P ratio is skewed so that the aquatic communities have been pushed into what is referred
to as “stoichiometric imbalance” (Burkholder and Glibert 2024).

Surface waters that receive high nutrient enrichment from raw or partially treated sewage
are more vulnerable to adverse impacts of nutrient pollution in comparison to waters affected by
other sources, because the majority (often ~80 to 95%) of the N and P is N; and P;, directly available
for algal /plant uptake (Young et al. 1982, Millier and Hooda 2011, Venkiteswaran et al. 2019). The
highly bioavailable N and P supplies in sewage-affected systems are much more potent in causing
adverse impacts (Jarvie et al. 2006, Withers and Jarvie 2008). Risk of increased downstream



impacts are greater as well, especially for partially treated sewage that includes high concentra-
tions of nitrate which is highly soluble and can travel for hundreds of miles (Mallin et al. 1993,
Houser and Richardson 2010, Houser et al. 2010, Chapra et al. 2014, Flynn et al. 2015).

Changes in the abundance of benthic/floating algae, especially filamentous macroalgae, are
often the most visible signs of a changing nutrient regime in rivers (Hilton et al. 2006). Benthic
algae directly consume the inorganic N and P supplies in sewage (Mainstone and Parr 2002,
Withers and Jarvie 2008, Hood et al. 2014). In general, high-nutrient-tolerant and high-nutrient-
optimal filamentous benthic algae become dominant in areas affected by partially treated sewage.
“Canopy” or “overstory” species of benthic algae that can grow up into the overlying water as debris
accumulates have a competitive advantage over other species because of much greater, continual
access to the rich water-column nutrient source (Burkholder 1996, Hilton et al. 2006).

Both N and P pollution should be controlled (U.S. EPA 2015) because, long before impacts
manifest, there tend to be strong positive synergistic physiological effects of combined N+P

Aquatic ecosystems are extremely sensitive to nutrient pollution
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Figure 5. Comparison of land-based fertilizer use versus N and P concentrations that can fuel
nuisance algal blooms — upper Gallatin River example. Left: Fertilizer applied to lawns in pounds
per 1000 square feet—wherein, from the perspective of an aquatic ecosystem, 1 pound = 454 million
micrograms. Upper right: Historic concentrations (reference or background) of inorganic N and P (N;
and P, respectively) in the upper Gallatin River, historically a nutrient-poor (oligotrophic) waterbody
(MDEQ 2006). Photos: upper right — GRTF (2021); lower right — R. Addicks.



enrichment on nuisance algae, even if enrichment of one nutrient is much less than that of the
other. Thus, assessment of the nutrient status of the sewage-affected West Fork Gallatin River
revealed that algal uptake of N was strongly enhanced in the presence of P, and vice versa (Piper et
al. 2017). As waters become increasingly affected by human-related nutrient inputs, the highest
production of harmful algae is generally achieved when both N+P are elevated (Elser et al. 2007,
Liang et al. 2020, Zhou et al. 2022).

Although aquatic ecosystems in general are highly sensitive to nutrient pollution, oligotrophic
or naturally low-nutrient ecosystems are the most sensitive—that is, they are the least resistant to
stress from nutrient pollution (Burkholder and Glibert 2024). Even a small amount of nutrient
pollution can dramatically their nutrient regime, relative to more enriched waters. The most
predictable outcomes are loss of sensitive species such as salmonids, and increased abundance of
generalist or opportunistic species that are more tolerant of the undesirable water quality changes
and other stresses resulting from nutrient pollution. Indeed, such algal species have high nutrient
optima; they rapidly proliferate in nutrient-contaminated conditions. That outcome is the present-
day reality for the historically oligotrophic middle Gallatin River (see Section IV).

II.D. Wide Array of Impacts

Nutrient pollution directly or indirectly affects dominant components of every trophic level
from microbial decomposers to the larger animal predators at the top of aquatic food webs, and
significantly reduces biodiversity (Green and Fong 2015, Cook et al. 2018, Burkholder and Glibert
2024), listed in Figure 6 and briefly described below.

IL.D.1. Undesirable shifts across food webs - Natural systems with minimal human distur-
bance, such as mountain streams draining undeveloped watersheds in granitic bedrock areas, are
generally oligotrophic or low in N and P supplies. They typically have clear waters and low
abundance of diverse species of mostly algae as primary producers (Wetzel 2001). Algae as “first
responders” are directly stimulated by nutrient pollution (U.S. EPA 2000b). As river nutrient
supplies increase from various pollution sources, the nutrient-rich conditions select for relatively
few algal species with high nutrient optima for growth (Figure 6). These algae usually are poor food
for most herbivores (Vallentyne 1974).

The diverse communities characteristic of oligotrophic waters tend to be dominated by
sensitive species that are limited to a narrow range of environmental conditions. Oligotrophic
ecosystems are more sensitive (or less resistant), overall, to stress from nutrient enrichment. The
most predictable outcomes are loss of sensitive species and increased abundance of generalist or
opportunistic species that apparently are more resistant to the undesirable water quality changes
and other stresses imposed by nutrient pollution.

As nutrient enrichment progresses and a waterbody becomes more eutrophic, it is more
resistant to further change. By that point, many desirable features of the ecosystem may have been
lost. Beneficial diatoms are often replaced by noxious filamentous green macroalgae or cyano-
bacteria (Vadeboncoeur and Power 2017) (Figures 4 and 7). Some diatom species produce high
quantities of certain lipids (triacylglycerides) that are essential for zooplankton growth, sex
hormones, reproduction, etc. (Kilham et al. 2003 and references therein). Algal species that may
replace these diatoms under increasingly eutrophic conditions do not produce these lipids, or
produce much less of them.

People easily notice impaired aesthetics caused by high-biomass nuisance algal blooms (e.g.,
Suplee et al. 2009). Impacts on aquatic communities are significant as well. The blooms can
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Figure 6. The wide array of impacts caused by nutrient pollution in freshwaters, estuarine, and marine
systems. Compiled from Weitkamp and Katz (1980), Bagarinao (1992), Reiffenstein et al. (1992), Viaroli
et al. (2008), Hershner (2011), Heiskary et al. (2013), and Burkholder and Glibert (2024). Photos:
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From https://www.uppermissouriwaterkeeper.org/summer-2020-neon-green-algal-bloom-on-the-gallatin-
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Figure 7. Stream benthic algae: (a) healthy oligotrophic stream with light diatom cover (golden brown
color) on rocks; insert — light micrograph of some diatom cells (scale bar = 20 um). (b) formerly oligo-
trophic stream affected by sufficient nutrient pollution to support a nuisance bloom of the filamentous
green alga, Cladophora; insert — light micrograph of Cladophora cells (scale bar = 40 pm). (c) Formerly
oligotrophic stream affected by enough nutrient pollution, often along with warming temperature, to
support a nuisance bloom of filamentous potentially toxic cyanobacteria such as Microcoleus (e.g.,
Virgin River, Utah; and see Page et al. 2022).
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deplete DO at night from respiration, then cause dramatic increases in DO with photosynthesis
during the day, and the wide diel variation can stress and weaken sensitive aquatic life (Heiskary et
al. 2013, Fusi et al. 2023, and references therein). Photosynthesis from the abundant algae can
increase pH by two units or more, equating to > 100-fold increase in alkaline conditions (Beklioglu
and Moss 1995, Scott et al. 2005).

Slimy algal overgrowth alters critical bottom habitat so that sensitive fish such as salmonids
cannot use it for spawning and recruitment. Photosynthetic activity from the high algal biomass
can elevate the pH to levels known to adversely affect young life history stages and gill function in
sensitive fish species such as salmonids (Daye and Garside 1980, Wilkie et al. 1999, Laurent et
al.2000, Planas et al. 2008). Decomposition of high-biomass algal blooms can decrease DO
availability (Suplee and Watson 2013). Anoxic areas can form among the thick algal clumps, where
toxic hydrogen sulfide increases and toxic substances such as metals more easily dissolve from
sediments into the water where they can adversely affect higher trophic levels in the food web,
such as macroinvertebrates and fish, as the algae die and decompose (Burkholder and Glibert
2024). Amorim and Moura (2021, p.2) described a “vicious loop” between nutrient pollution,
climate change, and bloom decomposition that can release more nutrients and greenhouse gases,
making algal blooms “one of the most severe threats to freshwater biodiversity.”

Over time, nutrient contamination of oligotrophic waters often shifts macroinvertebrate
communities from sensitive, pollution-intolerant stoneflies, mayflies, and caddisflies to pollution-
tolerant midges, aquatic worms, and black fly larvae (Barbour et al. 1993). Trout are size-selective
predators that tend to prefer larger-bodied prey (Meissner and Muotka 2006). The pollution-
tolerant macroinvertebrates typically are smaller, so they have lower energy value per individual
digested (Sherwood et al. 2002). Less favorable food resources can lead to stunting in fish size
(Sherwood et al. 2002).

Species diversity of aquatic animals in oligotrophic waters is also adversely affected with
chronic/increasing nutrient contamination. Macroinvertebrate species diversity, usually an
indicator of stability, translates into a broader food base for trout, amphibians, and other species
that forage for insects in oligotrophic rivers (MDEQ 2006). It commonly decreases as nutrient
contamination continues (Barbour et al. 1993). As food quantity and/or quality decreases, the
number of trout that can eat well enough to grow and thrive will decrease (MDEQ 2006). As Suplee
etal. (2008, pp.5-6) explained, extending from their quote (p.14 of this comment) about
eutrophication, Montana streams, and Cladophora:

Aquatic insect (aquatic macroinvertebrate) populations often shift in response to
increasing nutrient enrichment....sensitive macroinvertebrates, including mayfl[ies]
(Ephemeroptera), stonefl[ies] (Plecoptera), and caddisfl[ies] (Trichoptera), tend

to be found in clean water having low nutrient concentrations and DO near
saturation (i.e., without extreme daily oscillations). At the other end of the spectrum,
many midge species (chironomids) are tolerant of heavy eutrophication and the
associated conditions (e.g., low nighttime DO) (Hynes 1966, Hilsenhoff 1987, Lenat
and Penrose 1996). Downstream [as the stream partially recovers]...overall
macroinvertebrate density and biomass increase, but the density of pollution-
sensitive species diminishes (Giicker et al. 2006).

Sandgren et al. (2005) and Yang et al. (2018) additionally described major Cladophora blooms in
streams as creating a food web bottleneck or energy congestion that prevents (re-)development of
species-rich natural food webs in restoration efforts for streams impacted by nutrient and other
pollution.
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IL.D.2. Tipping points and regime shifts - Tipping points are defined here as points of
rapid change in a nonlinear relationship between an ecosystem condition and the intensity of a given
driver such as nutrient inputs (Selkoe et al. 2015, Carrier-Belleau et al. 2021). Increased pressure
from the environmental driver can decrease resilience and lead to an abrupt transition, or a gradual
transition, beyond the tipping point or critical level.

Tipping points lead to regime shifts (Figure 8). An aquatic ecosystem under chronic nutrient
pollution will continue to sustain more nutrient inputs over time until it reaches a tipping point. As
stress levels increase, the natural resilience of the ecosystem to resist change and/or recover from
severe stress events decreases and is slowly overcome (e.g., Hershner 2011). Conditions are finally
reached (the tipping point) where some important components of the system such as key primary
producers or key animal species can no longer persist. The system may reorganize with a revised
cast of pollution-tolerant organisms more suited to the prevalent stresses. This phenomenon is
called a regime shift, defined as a shift (abrupt, discontinuous, or smooth) in ecosystem biota in
response to a physical and/or chemical driver (stressor) to an alternative stable state (Collie et al.
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Figure 8. Diagram of an abrupt regime shift, wherein a balanced ecosystem recovers
after repeated smaller nutrient pollution stressors but becomes increasingly unstable,
and then is finally pushed into an alternative stable, degraded condition after sustaining
more stress or a combination of stressors (modified from Burkholder and Glibert 2024).
In this example, a shallow, clear, oligotrophic freshwater river with balanced algal
growth sustains repeated small nutrient pollution stresses such as pulsed septic
effluent leachate, each followed by recovery but system resilience is slowly weakened.
As the tipping point is approached, the river is affected by more stress from nutrient
pollution but in combination with unusually high temperatures. The tipping point is
reached and the river undergoes a regime shift to an alternative stable state, character-
ized by high-biomass blooms of a nuisance benthic macroalga that thrives in nutrient-
enriched conditions and warm temperatures. The macroalga seasonally forms blooms
in that regime when other environmental conditions (e.g., flow, light, pH, alkalinity) are
conducive.
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2004, Hensley and Cohen 2017, Diamond et al. 2022). Simply stated, a regime shift is a major,
lasting change in the structure and then the function of an ecosystem, driven by one-stressor or
interacting stressors such as nutrient pollution x climate change (Rodgers 2021, Burkholder and
Glibert 2024). Aquatic ecosystems can have more than one state with a self-stabilizing mechanism.
A shift between states does not occur frequently and is not readily reversible (Genkai-Kato 2011).

Regime shifts from chronic nutrient pollution are increasingly affecting aquatic ecosystems
across the world (Biggs 2015, Gilarranz et al. 2022). Regime shifts from chronic nutrient pollution
have been identified across a broad range of aquatic ecosystems spanning the salinity gradient from
freshwater to marine (Valiela et al. 1997, Viaroli et al. 2008, Chemello et al. 2018), including rivers
(Hensley and Cohen 2017, Diamond et al. 2022). The major response species commonly is from
filamentous green macroalgae (Chlorophyta) and cyanobacteria (blue-green algae) (Hensley and
Cohen 2017, King et al. 2018, Lapointe et al. 2018, Yang et al. 2018). As noted by Yang et al. (2018,

p.1),

Human activities have resulted in the eutrophication of rivers, leading to heightened
concerns regarding the occurrence of filamentous algal blooms. With the increasing
utilization of rivers by humans, the occurrence of these nuisance filamentous algae
is expected to increase in frequency....

Il.E. Special focus: the macroalga Cladophora

Based upon assessment of streams and rivers across Montana, Suplee et al. (2008, pp.5-6)
wrote,

Eutrophication has a number of effects in flowing waters. One very typical
change is the increased dominance by benthic (i.e., bottom attached)
filamentous algae in temperate streams. The green alg[a] Cladophora spp.
in particular seems to benefit from increased nutrient enrichment.
Cladophora probably played a minor role in aquatic communities before
widespread cultural eutrophication occurred (Hynes 1966, Whitton 1970),
but dense growths of the alga have now become common in nutrient-
enriched temperate streams worldwide, including in Montana (Whitton
1970, Wong and Clark 197[6], Freeman 1986, Dodds 1991a]). Another
common effect of eutrophication in streams and rivers is the increased
magnitude of daily DO and pH oscillations due to the elevated [algal]
productivity....

Here Suplee et al. (2008) acknowledge that cultural eutrophication is slowly encroaching in its
impacts on Montana streams statewide, which means that the state’s efforts to protect streams—
especially highly, sensitive streams like the middle Gallatin River—had not been protective enough.
They were not working. MDEQ recently set numeric TN and TP criteria for the middle Gallatin
River, but they are not low enough to provide adequate protection from obvious major impairment
due to nutrient pollution (see Section IV.B of these comments).

Furthermore, Suplee et al.’s (2008) writing describes Cladophora as a “red flag” indicator of
cultural eutrophication in Montana streams and rivers. Cladophora is a naturally occurring
generalist (Dodds and Gudder 1992), meaning that species within this genus have developed
physiological mechanisms (“strategies”) to proliferate low-nutrient, even pristine, regimes (such as
from monthly water quality sampling; but the micro-environment is key as explained below).
Cladophora especially thrives in waters enriched with N, P, or N+P (e.g., Whitton 1970, Milner et al.
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1982, Freeman 1986, Dodds and Gudder 1992, Watts 1993, Wharfe et al. 1984, Parker and Maberly
2000, Ward and Ricciardi 2010, Young et al. 2010, Stevenson et al. 2012, Pikosz et al. 2017, Yang et
al. 2018, Page et al. 2022, Vallet et al. 2023). As Suplee et al. (2008) noted regarding Montana
rivers, “In near-pristine streams, [algal] biomass is probably constrained by low nutrients. In other,
more eutrophied streams...we have observed very high algal biomass (often Cladophora) growing
in thick mats.” N and/or P enrichment have been shown to enhance its growth in estuarine/marine
waters as well (e.g., Lapointe and 0’Connell 1989, and references therein). Dense growth, where
historically there was none, is used to infer that the waterbody is seriously impaired by nutrient
pollution.

Cladophora is regarded by resource managers as especially troublesome because it persists.
Once its high-biomass seasonal blooms are established, they are very challenging to mitigate or
decrease (Lapointe et al. 2018 and references therein). The many mechanisms used by this
macroalga for growth, survival, and persistence require only very small amounts of chronic nutrient
pollution for continued proliferation (Auer and Canale 1982, Piper et al. 2017). Cladophora is a
well-known ecological engineer (Bahl 1976, Ward and Ricciardi 2010, Zulkifly et al. 2013, Wu et al.
2024), defined as an organism that creates, modifies, and maintains habitat by means of its own
physical structure (Jones et al. 1994). High-biomass Cladophora blooms have dramatically altered
aquatic food webs physically via undesirable changes in bottom habitat; chemically through major
changes in DO and pH as noted by Suplee et al. (2008); and biologically as poor food quality at the
base of the food web (Canale and Auer 1982, Patrick et al. 1983, Sandgren et al. 2005, Zulkifly et al.
2013).

Many characteristics of Cladophora give it a highly competitive edge over other benthic algae
and allow it to form high-biomass blooms in habitats with abrasive fast flows and low nutrients:

= Cladophora thrives under N; and/or P; pollution (Lapointe and O’Connell 1989, Lohman and Priscu
1992, Suplee and Watson 2013 [pp. i, 2-5).

» Cladophora proliferates in low-P waters under N enrichment because it is adept at concentrating
P from very low levels in the water and storing the P in its cells (Auer and Canale 1982, Auer et al.
2021). Cladophora is able to use much of the stored P for growth when stimulated by elevated
inorganic N, and it also stores N (Birch et al. 1981; sensu Dyhrman 2016).

» Cladophora uses alkaline phosphatase enzymes to access some of the phosphate supply, adsorbed
onto organic particulates, which would otherwise be unavailable for uptake (Freeman 1986,
Lapointe and O’Connell 1989, Young et al. 2010). The ecological success of Cladophora under P-
limited conditions is thought to be due in part to its intrinsic ability use alkaline phosphatase
enzymes to recycle organic P (P,) to support balanced growth in N-enriched waters (Lapointe and
O’Connell 1989; and see review by Singh and Pandey 2023). N enrichment as nitrate enhanced
Cladophora alkaline phosphatase activity (APA) where nitrate-rich groundwater seepage from
septic effluent leachate was identified as a major, cumulative N source that stimulated growth and
increased Cladophora biomass. Higher APA in such conditions would enhance the efficiency of
organic P recycling within Cladophora growth, and would also enhance conservation of P
(Lapointe and O’Connell 1989). Elevated P; concentrations have been reported among benthic
Cladophora growth (Bach and Josselyn 1978), likely from recycling of P, via APAs.

» Cladophora can also proliferate in low-N waters under P enrichment, because it is efficient at
concentrating and storing N (Lapointe and O’Connell 1989, Pedersen and Borum 1996). In
addition, its N acquisition likely is augmented by various “nitrogen-fixing” cyanobacteria and
eubacteria that convert nitrogen gas to N; (ammonia) and then lose some of the fixed N; to the
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surrounding environment through cell leakage. This microbial consortium of nitrogen fixers is
commonly, closely associated with Cladophora, and is thought to supplement its N supplies in
oligotrophic waters (Dodds and Gudder 1992, Zulkifly et al. 2012, Byappannahalli et al. 2019).

» Cladophora has rapid growth, especially under synergistic conditions of high light and elevated
nutrients. N and P enrichment have been shown to increase its growth rate and enhance the light-
saturated photosynthetic capability of Cladophora (e.g., Lapointe and O’Connell 1989, Pacheco et
al. 2022).

» Cladophora can rapidly respond to temporally variable nutrient pulses (Mantai 1978, Stevenson
and Stoermer 1982, Lapointe and O’Connell 1989, Burkholder et al. 1992, Pedersen and Borum
1997). Thus, it is especially well adapted to take advantage of sporadic pulses of nutrients from
groundwater seepage of septic effluent leachate (Lapointe and O’Connell 1989). Stevenson and
Stoermer (1982) suggested that the large internal storage capabilities of Cladophora allow for
higher growth rates when nutrients are supplied as pulses and environmental concentrations are
otherwise low. Its rapid growth then allows it to shade out other species. Repeated, pulsed
nutrient enrichment to temporarily elevated levels—characteristic of many eutrophying waters
that receive septic effluent leachate, such as the middle Gallatin River—fuels Cladophora blooms,
especially under high light.

» Cladophora is highly efficient in biomass production per unit N or P (Gerloff and Fitzgerald 1976,
Auer and Canale 1982, Lohman and Priscu 1992). Its cells are able to use much of the stored P for
growth when stimulated by elevated N; (Birch et al. 1981, sensu Dyhrman 2016).

» Maximal Cladophora biomass has been strongly linked to high nutrient concentrations in the
preceding winter, as well as during the growing season. For example, a significant linear
relationship was reported between annual maximum Cladophora biomass and the mean winter
phosphate concentration (Parker and Maberly 2000).

» Cladophora is a “canopy” or “overstory” species of benthic algae that grows up into the overlying
water as debris accumulates, while a portion of the filament remains close to nutrient supplies
from bottom sediments. As such, Cladophora has a competitive advantage over other species
because it can continually access light and both water-column and benthic nutrients (sensu
Burkholder 1996).

» Cladophora is persistent once established, through:

- Broad temperature tolerance, with active growth reported from ~5-25°C (optimum ~13-
17°C) in alkaline waters (Chudyba 1965, Whitton 1970, Wong et al. 1978, Graham et al.
1982, Stewart and Lowe 2008), but survival across a much broader temperature range.

- Frequent production of swimming asexually reproductive cells (zoospores) that can produce
new filaments anchored in place or in downstream locations (Graham et al. 2022) (Figure
9). Filaments can dislodge and become floating mats, moving downstream (Power 1990,
Banish 2017). The tough rhizoid anchoring structures are resistant to winter temperatures
and temporary drying, and they may form new photosynthetic filaments (van den Hoek
1982). Some photosynthetic filaments can overwinter as well, and thick-walled resting cells
(akinete spores) can survive harsh conditions to produce new green growth when
conditions become more favorable (Mason 1965, Usher and Blinn 1990). They can also
produce thick-walled cells at the filament base, capable of persisting through harsh
conditions or conditions that are not conducive for active growth (Graham et al. 2022).
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- High resistance of its filaments to hydrodynamic drag (Dodds and Gudder 1992, Bergey et al.
1995). The filaments have high tensile strength (9-35 MPa) so that they do not easily break
(Johnson et al. 1996). Furthermore, Cladophora produces a structure that strongly anchors
the filaments to the rock substrata. These features enable Cladophora to outcompete
various other algae that cannot withstand fast-flowing conditions. Once anchored, a
Cladophora population can continue in that location for years, overwintering in the form of
a tough basal structure that produces more upright filaments under more favorable

conditions.

- High resistance to microbial attack (Birch et al.
1983, Paalme et al. 2002), due in part to the
structure of the tough cellulosic cell wall
(Mihranyan 2011).

Cladophora thrives in N- and P-enriched waters
but, once it has formed a major bloom in a given
stream or river, it can continue to proliferate in low
external concentrations of TP and P; (e.g., Suplee et al.
2008, p.39; Suplee et al. 2012) because it is well
anchored and effectively creates a nutrient-rich micro-
environment. The cells can rapidly take advantage of
nutrient pulses, and they concentrate the N and P from
the surrounding water for later use. Localized areas of
decomposition develop within thick Cladophora
growth (Peckol and Rivers 1995, Higgins et al. 2008),
where Njand P; are released from dead cells and other
organic debris, available for uptake by the living cells.
Some of the organic P sources can also be accessed
using phosphatases. As Zulkifly et al. (2013, p.13)
noted, once Cladophora has established seasonal
blooms,

Only if the resistant basal structure dies, or
the environment changes so that growth is
depressed, will Cladophora be likely to
disappear.

Cladophora species are adept at sequestering
both N and P and its ability to colonize surface waters
from freshwater to marine, characterized by diverse
nutrient regimes and other environmental conditions.
Thus, they have been reported to be highly stimulated
by P; in some surface waters (e.g., Pitcairn and Hawkes
1973, Wong and Clark 1976, Auer and Canale 1982,
Freeman 1986, Auer et al. 2021), or by N in others
(Adams and Stone 1973, Moore 1977, Dodds 1991a,
Lohman and Priscu 1992, Watts 1993, MDEQ 2024b),
or by N+P in others (Francouer et al. 1999, Bracken et
al. 2015, MDEQ 2024b). Furthermore, depending upon
nutrient supplies and ratios, in some situations N has

Figure 9. Asexual (vegetative) repro-
duction in Cladophora glomerata, show-
ing (15! photo) a cell along the filament
packed with small reproductive cells; and
(2M-4' photos, time-lapse series) many
reproductive cells (zoospores) being
released from a pore in the parent cell on
the filament. The time-lapse series took
less than a minute. The swarms of
swimming cells are released to find
habitat either in the immediate area or
downstream. From Graham et al. (2022).
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limited Cladophora growth at one place or time, and then P has limited its growth at a different
place or time in the same river system (Welch et al. 1989, Watson et al. 1990, Suplee et al. 2008,
Valett et al. 2023). Alternatively and as should be expected, under nutrient-replete conditions or
limitation by light, neither N nor P has been the primary resource limiting growth (e.g., Bellis and
McLarty 1967, Lorenz and Herdendorf 1982, Cheney and Hough 1983, Gordon and McComb 1989,
MDEQ 2024b).

lll. Reference (Natural Background) Conditions vs. Septic Effluent Leachate

Natural (background) concentrations of TN and TP in Montana streams and rivers were
described in an extensive study by Smith et al. (2003) (Figure 10). The upper Gallatin River in
Yellowstone National Park was estimated to have had ~75 to 150 pg TN/L and < 10 pg TP/L. The
WGM Group (2023) stated that baseflow TN in the middle Gallatin mainstem averaged 40-50 pg/L
during baseflow conditions in 2015-2019. As mentioned, the U.S. EPA (2000a) reported that by the
1990s, streams and rivers minimally impacted by nutrient pollution (25t percentile of all streams
data, all seasons) in the level III nutrient ecoregion that includes the Gallatin River were at ~90 pg
TN/L and 15 pg TP/L, with a TN:TP ratio of 6, suggestive of N limitation. These concentrations
indicate highly oligotrophic (nutrient-poor) conditions on average (Dodds and Smith 2016).
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Figure 10. Natural (background) concentrations of TN and TP in
Montana streams and rivers. Modified from Smith et al. (2003).

Natural concentrations of bioavailable N and P forms have been reported at 5-6 ug NOs"N/L,
2-5 pg soluble reactive P/L (often used interchangeably to designate phosphate or inorganic P -
Flynn and Suplee 2013, p.139-9; Suplee et al. 2015, p.454 —including medians of 1st through 4th
order reference streams in the Middle Rockies), and < 5 pg tNH3/L (as estimated from Rocky
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Mountains streams; e.g., Day and Hall 2017). The U.S. EPA (2000a) did not recommend P; or
ammonia concentrations for streams minimally impacted by nutrient pollution in the level 11
nutrient ecoregion containing the Gallatin River, but did recommend 40 pg/L for nitrate (commonly
measured as nitrate + nitrite (NO3'N + NO,"N). Nitrite is generally negligible (Stumm and Morgan
1996), so the measurement is often simply referred to as nitrate-N. That value represented the 25t
percentile concentration for all streams in the ecoregion during all seasons.

As noted, precipitation and snowmelt add to these concentrations, especially in areas
influenced by geothermal activity (Allen and Howell 2020). For example, while N and P concentra-
tions are generally low, precipitation in the Gallatin River headwaters (Tower Falls area of Yellow-
stone National Park) was reported to average ~120 pg NO3'N/L, coinciding with river NO3N at
similar levels (DOWL HKM 2008; note that the WGM Group 20203, p.10, estimated average
precipitation about 3x higher, which I consider an overestimate considering actual data).

Resurfacing groundwater contributes most of the flow to the middle Gallatin River during
base flow conditions (Baldwin 1997, WGM Group 2020a). Thus, the quality of shallow groundwater
is a major influence on river water quality, especially during low-flow periods. The middle Gallatin
River area is underlain by the Gallatin Valley Aquifer system and the Meadow Village Aquifer (the
latter, in the Big Sky area (GRTF 2020). The soils mostly have moderate permeability (MDEQ 2006)
and are generally excellent at storing and transmitting water, due to the coarseness of the
sand/gravel deposits.

More specifically, the proposed Quarry project would be sited in the valley margin on
Quaternary colluvium geologic material consisting of cobbles and pebbles on a matrix of sand, silt
and minor clay (Kellogg and Williams 2005). This unsaturated material overlies glacio-fluvial
\deposits consisting of gravel with varying amounts of sand, silt and clay. The groundwater is
relatively shallow, about 40-42 feet below grade under the proposed mixing zone (Hackett et al.
1960). The last ~200 feet of distance to the river would consist of generally shallow and
unconfined alluvial aquifers (Baldwin 1997, Gallatin Local Water Quality District [GLWQD] 2016,
Waren et al. 2021, WGM Group 2023). The minimal depth to groundwater in the valley floodplain is
about 5-10 feet (GLWQD 2016, WGM Group 2023), characteristic in the valley immediately adjacent
to the river. Generally unconfined shallow groundwater is especially vulnerable to contamination
from human activities (GLWQD 2016). MDEQ (2006, p.59) characterized the rapid groundwater
transit - river connection as follows:

Materials introduced into groundwater in these aquifers can travel quickly
to the closest surface water.

Thus, because nitrate is highly soluble and the soils are porous, transit time to the groundwater
through the valley margin and valley to the river is relatively rapid (Baldwin 1997, WGM Group
2023).

Reference wells located along a relatively undeveloped Gallatin River corridor were recently
reported to have mean NO3'N at ~0.37 mg/L (370 pg/L) (GLWQD undated; data from a 2018-2022
study). Although this level is fairly low, it is suspect “Relatively” undeveloped can be translated to
mean, ‘still with some influence of residential and resort developments,” since highly soluble nitrate
is known to travel substantial distances through porous sand/gravel aquifers (MDEQ 2006, Lusk et
al. 2017). Reference conditions in other alluvial aquifers indicate lower nitrate levels. For example,
in the 1970s-1980s the alluvial aquifer of the Helena Valley had background NO3'N as low as 0.1
mg/L (100 pg/L) (Wilke and Coffin 1973, Drake and Bauder 2005).

Soil texture influences denitrification, a natural process wherein bacteria transform nitrate to
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nitrogen gas and, thus, effectively remove the N; (Knowles 1982, Wetzel 2001, Rohe et al. 2021).
The soils near the middle Gallatin River are well-drained to somewhat excessively drained (MDEQ
2006 and references therein). Sandy sites with large-grained particulates, cobbles, and gravel have
higher leaching rates of organic carbon and are well oxygenated. These characteristics minimize
denitrification, which requires substantial organic carbon and anoxic conditions (Knowles 1982,
Beauchamp et al. 1989).

Much less, information is available for P concentrations in shallow groundwater within the
middle Gallatin area. The WGM Group (2023) noted that P; levels were “generally low” in the
shallow aquifer of the Gallatin Canyon in 2020-2021, but then explained that all 167 samples taken
were below the reporting limit for the method used, 0.1 mg/L (100 pug/L), which is substantial from
the perspective of the Gallatin River ecosystem. Improved methods for low-level P analysis have
long been available, at least since the early 1990s (APHA 1992). The poor reporting limit of that
analytical method obscures the information needed in the appropriate range, about an order of
magnitude lower (e.g., Noble and Stoner 2000).

More informative data on background/natural P; in aquifers influencing the middle Gallatin
River above Spanish Creek have shown that background/natural P; concentrations in shallow
groundwater of aquifers influencing the middle Gallatin River are < 10 pg PO43P/L (USGS - Noble
and Stoner 2000, method detection limit 10 pg/L; and GLWQD undated, method detection limit
5 pg/L). An exception is the sub-watershed drained by tributary Stormcastle Creek near the
northern edge of the middle Gallatin segment (Figure 1). Weathering of the P-containing volcanic
rock has been linked to higher background stream TP (GRTF 2023).

In contrast, human sewage effluent (raw domestic wastewater) contains approximately 4,000
to 23,000 pg ammonia-N/L; < 1,000 pg nitrate-N/L; 7,000 to 12,000 ug TP/L; and 7,000 pg P;/L
(Clark et al. 1977, U.S. EPA 2002, Mallin 2013). Level 2 septic system leachate, planned for the
proposed Quarry project, is allowed to contain up to 7.5 mg NO3-N/L (7,500 pg/L) and 100-200 pg
P;/L at the edge of the mixing zone (Withers et al. 2014, MDEQ EA, MDEQ 2023c). Atleast 80% of
the TP and at least 70% of the TN is in highly bioavailable forms for algae as P; and N; (Young et al.
1982, Ekholm and Krogerus 2003, Millier and Hooda 2011, Venkiteswaran et al. 2019).

The ammonia-N form is transformed by nitrifying bacteria to nitrate-N as it moves through
oxygenated soils (Walker et al. 1973, Lusk et al. 2017). Nitrate is highly soluble and can move
rapidly through porous soils to reach surface waters (Walker et al. 1973, Mallin 2013). Denitrifica-
tion by the soil bacterial consortium can remove nitrate through conversion to nitrogen gas, but the
process requires anoxic conditions and is expected to be negligible in the porous soils and shallow
alluvial aquifer adjacent to the middle Gallatin River (English 2010, Lusk et al. 2017).

Phosphorus is discharged in septic effluent primarily in the form of orthophosphate (P;); its
migration in the subsurface environment is controlled primarily through soil sorption and minerali-
zation (Lombardo 2006). P; easily adsorbs or “sticks” to soil particles and debris, so it is mostly
retained in soils (Stumm and Morgan 1996). A general dogma, implicit in various MDEQ permits for
operation of septic tanks (onsite water treatment systems, OWTSs) and other MDEQ documents, is
that it can take decades for the soil to become P-saturated so that additional adsorption sites are not
available, so that P then can “break through” to groundwaters and surface waters (e.g., MDEQ 2005).

With adequate sampling and analytical methods there is evidence, however, that small
amounts of P from septic effluent leachate can reach adjacent surface waters through porous soils
(Mallin 2013, Wang et al. 2024). The above-mentioned Noble and Stoner (2000) study described
median P; from wells in urban residential settings at 0.02 mg/L (20 pg/L), double the median
natural background. As an example from the middle Gallatin, the GLWQD (undated) study reported
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the highest P; concentrations (32 pg/L, 20 ug/L, and 15 pg/L) from shallow wells near a ranch, a
golf course, and an unsewered subdivision. The subdivision, serviced by OWTSs, lies in a highly
porous sand-and-gravel aquifer characteristic of the middle Gallatin area (Carstarphen and LaFave
2018). Itis noteworthy that the shallow Firelight well ~0.25 mile from the unsewered subdivision
is on the opposite side of the South Fork tributary in the middle Gallatin drainage above Spanish
Creek, with only a small road and forest evident on that side (Figure 11).

Unsewered
Subdivision

0.25 mile

Figure 11. Map showing the location of an unsewered subdivision with septic systems, and a
shallow groundwater well (Firelight) with elevated P;, along the South Fork tributary to the West Fork
Gallatin River. The nearest edge of the unsewered subdivision is ~0.25 mile (1,320 feet) from the
well. From GLWQD (undated; data in the report were collected in 2018-2022).

Overall, septic systems are a potentially major source of N as well as P, depending on the soil,
topography, and related conditions. Septic effluent leachate promotes eutrophication of surface
waters via shallow groundwater contamination (Dragicevic 2020, Herren et al. 2021, Wear et al.
2021). It gradually causes legacy N and P accumulation, so that decades-long lag times can be
required for mitigation and cleanup (Arthun and Zaimes 2024, and references therein). Septic
systems typically serve communities located in rural areas in what are referred to as exurban
developments, like the proposed Quarry project. In addition to nutrient pollution to surface waters
and long-term nutrient legacies, exurban expansion also results in streambank modification that
alters channel characteristics and replaces natural riparian vegetation, which in turn can cause
increased erosion and diminished denitrifying capability (Iakovoglou et al. 2013).

Groundwater seepage to the middle Gallatin is variable—that is, pulsed rather than constant,
reflecting the seasonality and timing of residential use of septic systems, variable hydraulic head of
groundwaters from sporadic precipitation, and seasonal variation in hydraulic forcing. MDEQ has
established designations for N-reducing treatment systems (ARM 17.30.702(9)(10)&(11)). The
proposed Quarry Project septic systems would use Treatment Level 2, removing at least 60% of the
TN in the influent raw sewage load, or discharging a TN effluent concentration of 24 mg/L or less.
There is strong agreement, based on groundwater hydrologic studies, that

(i) The unconsolidated deposits in the area have groundwater that is unconfined and
hydrologically connected to the Gallatin River and its tributaries (MDEQ 2006);

(ii) The valleys drained by the river and principal tributaries generally contain alluvial aquifers
that are in hydrologic connection with the surface waters (MDEQ 2006);
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(iii) The septic effluent leachate volume and contaminants from the proposed Quarry project will
rapidly move to the Gallatin River across the relatively short (1,200-foot) distance; and

(iv) Substantial N; and P; (up to ~one-third of it, or 7.5 mg (7,500 pg) NO3'N/L and up to 0.1 mg
(100 pg) Pi/L will be allowed at the edge of the septic field mixing zone. Most of the nitrate
and, over time, a portion of the P; will move through the soil into the shallow groundwater
and then to the mainstem Gallatin River.

The nutrient supplies will adversely affect the Gallatin by stimulating recurring and additional
growth of the noxious macroalga, Cladophora, especially during low-flow conditions when ground-
water contributes most of the river flow. During low-flow periods in warm summer months,
dilution would be lowest for septic effluent leachate, contributing highly bioavailable N and P to the
middle Gallatin River when other environmental conditions are most favorable for nuisance
Cladophora growth (Section ILE).

IV. Present Status of the Middle Gallatin River

IV.A. Spectacular, sensitive, and gradually degrading

The middle Gallatin River where the proposed Quarry project would be sited is world-
renowned for its spectacular beauty, world-class trout fishing (designated a “blue-ribbon” trout
fishery by the Montana Department of Fish and Game), and whitewater rafting, all vital to the
region’s tourism economy (GRTF and Trout Unlimited 2022). The headwaters flow about 44 miles
from Gallatin Lake in Yellowstone National Park through mostly undeveloped federal public lands
(Montana Department of Fish, Wildlife & Parks 2022), except for resort communities in the sub-
watershed of the West Fork Gallatin which drains into the mainstem river ~0.3 mile downstream
from the north edge of the proposed Quarry project area. The project area extends ~0.55 mile
south of the confluence of the West Fork with the Gallatin, parallel to the mainstem.

The Gallatin has been recommended for inclusion in the National Wild and Scenic Rivers
System (GRTF and Trout Unlimited 2022). The river’s economically significant recreational fishery
includes native species such as westslope cutthroat trout, mountain whitefish, and Arctic grayling
(GRTF and Trout Unlimited 2022, Lohrenz et al. 2024), as well as introduced species such as
rainbow, brown, and brook trout. The westslope cutthroat trout is a Montana Species of Special
Concern (Jaeger et al. 2022, Mt.gov 2024). These species and their macroinvertebrate prey are
major predators in the Gallatin River system, and they are highly sensitive to pollution.

Although the headwaters are initially, naturally influenced by elevated N and P likely from
geothermal activity and rock weathering (WGM Group 2020b, Holloway et al. 2011, Montross
2013), they rapidly become nutrient-depauperate. Natural (reference) concentrations of TN and TP
in Montana streams and rivers were described in an extensive study by Smith et al. (2003). TN in
the uppermost headwaters of the Gallatin River ranged from > 75 to 150 ug/L but rapidly
decreased to < 30 pg/L, and TP was < 10 ug/L throughout (Figure 3). The WGM Group (2023)
wrote,

Regional geology may play an outsized role in nutrient levels... especially in the
headwaters where geology is influenced by geothermal activity. Even low
concentrations of natural N can result in a large mass loading of N....The total
mass of N added to the ecosystem because of human activity is relatively small
compared to natural loading. [Regardless,] anthropogenic sources of N...have a
substantial effect on nutrient concentrations during [both] summer and winter
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base flow conditions....The majority of anthropogenic sources for nutrients in
the watershed [is] from treated wastewater [actually, partially treated in septic
systems] strategically land applied to maximize removal of N and P prior to the

water surfacing in the stream.

The middle Gallatin River is mostly federal lands dominated by pine forests and open
grasslands with low-intensity grazing, along with resort and residential development that is
steadily increasing as more subdivisions serviced by OSTSs are permitted by MDEQ. Most
development thus far has been in the West Fork Gallatin sub-watershed. The West Fork and most
of its tributaries have been designated as impaired for more than a decade due to nutrient and
sediment pollution; the Middle Fork and South Fork tributaries of the West Fork Gallatin River also
do not meet Montana state standards for fecal bacteria (Escherichia coli; MDEQ 2010), from
nonpoint sources in developing landscapes such as septic effluent leachate, pet wastes, nuisance
waterfowl, etc. (MDEQ 2010). A TMDL (total maximum daily load) analysis completed in 2010
outlined water quality improvement measures that were mostly “voluntary actions of watershed
stakeholders,” despite the well-known reality that voluntary measures have a high failure rate
(United States Government Accountability Office 2013, 2024). As MDEQ (2006, p.192) noted,
“Participation and cooperation with TMDLs is voluntary for nonpoint sources such as septic
systems; no fines or penalties are enforced for noncompliance with water quality restoration plans.
Therefore, the efficacy of the TMDL program for reducing nonpoint source nutrient input is low in
the absence of a change in regulation by DEQ.”

The 2010 TMDL counseled that stakeholders should develop a sampling and analysis plan for
further monitoring and assessment of the West Fork Gallatin River to assess progress in water
quality improvement. A previous plan had already been developed by Gardner and McGlynn
(2006) for the Upper Gallatin watershed TMDL planning area. By that time, six tributaries to the
Gallatin were included in the Montana 1996 or 2004 303(d) lists of impaired waters, including four
(Squaw Creek, Middle Fork and South Fork tributaries to the West Fork, and the West Fork, that
were impaired due to nutrient pollution. The authors described:

channelization, streambank modification /destabilization, highway/road/bridge
runoff, septic systems (OSTSs), residential districts, site clearance, industrial/com-
mercial site stormwater discharge, drainage/filling/loss of wetlands, loss of riparian
habitat, and other recreational pollution. Potential causes of pollution include[d]
..Jand development and rural residential districts [and] impacts due to Highway 191.

The authors of the 2006 Plan noted that these sources of impairment, especially within the Taylor
Fork, Cache Creek, and Squaw Creek watershed could be negatively affecting the mainstem Gallatin
River, and cited a report by PBS&] (2005) in support of that premise.

Yet, concerted protective actions were not taken to protect the middle Gallatin River system
from further impairment due to nutrient pollution, except for a failed but solid, science-based
attempt by MDEQ (2006) to designate the middle Gallatin as an outstanding resource water (ORW).
Efforts continue to be made by concerned citizens groups to designate the river as a Montana
outstanding resource water (e.g.,, MDEQ 2006, Schroeder 2006, Dore 2022, Change.org 2024).
MDEQ (2006) described the state’s pattern of long-term failure to protect the water quality and
biota of the middle Gallatin:

The lack of effective protection of the middle Gallatin River from nutrient
contamination has been ongoing for decades and is steadily increasing....
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The Montana Water Quality Act allows users
to apply for discharges that may result in
degradation of existing water quality....
County zoning and DEQ regulations...allow
for incremental reductions in water quality.

This failure to protect the middle Gallatin
from further nutrient pollution-related
degradation is ongoing, exemplified by the
proposed Quarry project that is one in a recent
series of such proposals. Itis exemplified by still-
impaired status of the West Fork Gallatin, ~15
years ongoing since completion of the “mostly
voluntary” TMDL. The most visually obvious
illustration of the state’s failure to protect the
middle Gallatin River mainstem from nutrient-
middle Gallatin River mainstem from nutrient-
related degradation (Figure 12) is not mentioned
by the MDEQ EA for the proposed Quarry project
and supporting documents. Yet, within the past
five years, the Gallatin River itself has shown clear
decline. In 2018 more than one-fourth of the
middle Gallatin length, a 12-mile segment
beginning only ~1 mile downstream from the
proposed Quarry project, sustained a massive
bloom of Cladophora, the macroalga that is a
hallmark of nutrient-related water quality
degradation as explained above.

The middle Gallatin River and tributaries
are increasingly influenced by nutrient pollution
from sources such as septic effluent leachate and
watershed development that adds nutrients from
soil disturbance (Vitousek et al. 1979, Puckett
1994). During summers (the season with
available data) when other environmental
conditions are conducive, the benthic algal
community in various sites has shifted from
beneficial, diverse diatoms that are excellent food
resources (Vadeboncoeur and Power 2017) to
high-biomass blooms of filamentous green
macroalgae such as Cladophora (see Figures 4, 6,
and 7) that are poorly consumed by most grazers
(Dodds and Gutter 1992, Hilton et al. 2006,
Zulkifly et al. 2013).

In the middle Gallatin River system,
favorable conditions for seasonal nuisance
Cladophora blooms include rocky substrata, warm
water temperatures (10-25°C, optimal at ~13.5-

Figure 12. Massive recent blooms of the
noxious benthic macroalga, Cladophora, in the
middle Gallatin River. Such blooms, known to be
fueled by N and/or P pollution, began to be this
extreme in the Gallatin during summer 2018 and
have seasonally recurred in tributaries or the
mainstem. Photos: Upper Missouri Waterkeeper.
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17.5°C), low stream flow (0.4 to 0.7 meters per second), alkaline conditions (pH > 7, hardness > 121
mg/L as calcium carbonate), and high light (unshaded stream conditions, clear water) (GRTF 2021;
supported by various authors for river Cladophora in similar climatic conditions, such as Whitton
1970). The ability to rapidly take up N; and P; from temporally variable nutrient pulses makes
Cladophora spp. especially well adapted to take advantage of sporadic pulses of nutrients in
groundwater seepage (Lapointe and O’Connell 1989). The major nuisance blooms that have thickly
carpeted the middle Gallatin mainstem beginning in summer 2018 are unprecedented (GRTF
2021) and unnatural (GRTF 2022a). Historically oligotrophic streams and rivers do not naturally
develop huge Cladophora blooms because the major nutrient supplies needed are not available to
fuel and sustain them.

Based on the information provided in Section I1.D.2, these blooms signal a tipping point for a
regime shift of the middle Gallatin system to an alternative stable state of more degraded
conditions. The middle Gallatin fits a pattern of repeated, small nutrient pollution stress events
over time, weakening the ecosystem until nutrient pollution in combination with unusually high
late July 2018 water temperature (GRTF 2021) allowed development of massive Cladophora
growth, bank to bank, even on much of the mainstem (Figure 12). Blooms of Cladophora and other
harmful algae are expected to continue to increase in frequency and extent in Montana rivers with
the warming climatic conditions already affecting the state (Pederson et al. 2010, Cross et al. 2017,
[saak et al. 2017), along with increasing N and P pollution.

Massive nuisance Cladophora blooms have established. Whenever other environmental
conditions are conducive, the river and/or its tributaries will now continue to sustain nuisance
Cladophora blooms unless the middle Gallatin receives effective science-based management
protection.

IV.B. Non-protective eutrophication criteria and exhausted assimilative capacity

IV.B.1. Excessive nutrient criteria in July through September - The numeric TN and TP
criteria assigned by MDEQ to the middle Gallatin (Section I1.D.2 - 0.3 mg TN/L, 0.03 mg TP/L, July 1

through September 30; MDEQ 2014) are too high to protect this sensitive oligotrophic system from
further impairment due to nutrient pollution. MDEQ’s numeric nutrient criteria for Montana
streams and wadeable rivers were based upon 90t or 95t percentile—in other words, nearly the
maximum—of data for wadeable streams and rivers assessed as minimally impacted by nutrient
pollution (Suplee et al. 2008, Suplee and Watson 2013; also see review in Burkholder 2024). That
approach failed to consider that oligotrophic rivers like the middle Gallatin and tributaries are
extremely sensitive to even small amounts of nutrient pollution (English 2010, Gardner et al. 2011),
moreso since major nuisance Cladophora blooms are occurring seasonally (see Section 2.E).

Even the sparse data available for the middle Gallatin and tributaries indicate that nutrient
concentrations are substantially elevated moving downstream from the Gallatin River confluence
with Taylor Fork. MDEQ (2013) set a benchmark concentration of nitrate (NO3'N + NO>'N) > 100
pg/L in routine stream measurements as saturated, used to indicate the nitrate regime is
sufficiently elevated that potentially adverse eutrophication impacts may ensue. Recall that the
minimally impacted condition for nitrate that was recommended by the U.S. EPA (2000a), 40 ug
NO3N/L (Section III, p.15, above) represented the 25t percentile for all streams in the ecoregion
during all seasons. Compare that information to the GRTF (2018) annual report:

Data taken in 2018 revealed N levels among the highest ever recorded for the West Fork
(GRTF 2021). Each GRTF report since 2018 (2019-2023) has provided more documentation of
nutrient concentrations substantially elevated from background, mostly from infrequent (monthly

24



or less) data. For the following information, see Figure 1 for locations; examples are summarized
here from July-Sept unless otherwise indicated:

GRTF (2019) - nuisance Cladophora blooms in the Gallatin mainstem below Taylor Fork and in
three tributaries (Taylor Fork, and South Fork and West Fork in the West Fork sub-
watershed).

TN exceeded the water quality standard (300 pg/L) in 1 tributary in Aug. and 2 tributaries in Sept.
within the West Fork sub-watershed (maximum ~1,050 ug/L).

NOy was elevated in 3-4 tributaries in Aug.-Sept. within the West Fork sub-watershed (maximum
~340 pg/L).

TP exceeded the water quality standard (30 pg/L) in August in the mainstem below Buck Creek and
below the West Fork, and also in a West Fork tributary.

GRTF (2020) - focused on groundwater quality in the Big Sky area (West Fork sub-watershed).

Shallow well B nitrate concentrations were mostly below 8 mg/L, clearly in excess of natural
background (see Section III). One sample from April 2019 measured nearly 10 mg/L, the limit for
the federal and state drinking water standard. The Big Sky area was described as rapidly
developing, and the aquifer in that area was considered especially vulnerable to nitrate pollution
because it is not relatively thin and small, and the groundwater is shallow.

GRTF (2021) - nuisance Cladophora blooms:

Benthic algal biomass as AFDW (sampled once in August and once in September) exceeded the
Montana numeric criterion (35 g/m?) at 6 of 13 sites. On the August date, the criterion was
exceeded within the Gallatin mainstem above Taylor Fork, below the West Fork, and below Portal
Creek, and also in the West Fork tributary above and below the golf course. On the September date,
the AFDW criterion was exceeded below Buck Creek and above West Fork.

TN - exceeded the Montana numeric criterion in the mainstem Gallatin River below Portal Creek
(Sept.), and in the West Fork tributary below the golf course (Sept. and Oct., 420-500 pug/L).

Nitrate - was elevated at two West Fork sites (below the golf course: July through Oct., just over
100 to 400 pg/L; and West Fork mouth: Sept. and Oct. ~140 to 240 ug/L), and at the most
downstream site sampled in the mainstem, above Spanish Creek (June, ~135 pg/L).

GRTEF (2022b) - widespread nuisance Cladophora blooms in the Gallatin mainstem and in
tributaries Taylor Fork, Beaver Creek, West Fork, and South Fork

This brief report mentioned that the Montana TN criterion was exceeded in the West Fork tributary.

GRTF (2023) - focused on the mouths of tributaries; nuisance Cladophora blooms in Taylor Fork,
Beaver Creek, West Fork, South Fork, and Portal Creek, all with at least one violation
of the Montana AFDW criterion.

TN - exceeded the Montana numeric criterion in Buck Creek (Aug.); and in the West Fork tributary
above and below the golf course in July and Sept., and in Aug. below the golf course.

Nitrate - was elevated in the West Fork sub-watershed: South Fork and West Fork (Aug. Sept.,
Oct.); West Fork below the golf course (> 300 pg/L in Aug,, Sept., Oct.); West Fork mouth
(nearly 200 pg/L in Aug.; > 300 pg/L in Sept. and Oct.).
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Diel DO variation - exceeded the draft Montana water quality criterion (3.5 mg/L) at the West
Fork mouth for ~one week (end of Aug. — early Sept.; 4.1 mg/L); note - only 3 stations
monitored.

Tributaries are being degraded and add substantial N and P to the mainstem middle Gallatin
River as noted by MDEQ (DeVaney 2021), and as evidenced by the following examples. In 2018
(GRTF 2018) during runoff/peak flow, river nitrate-N was ~40 pg/L from the uppermost station
down to above the confluence with Taylor Fork. However, nitrate-N then “suddenly” increased; the
river downstream from Taylor Fork had ten times more, 460 ug/L; above the confluence with Buck
Creek, nitrate-N was still elevated at 140 pg/L, moreso moving downstream both above and below
the confluence with the West Fork (175 pg/L). During summer baseflow, nitrate-N was ~10 pg/L at
the Park station. The river near Taylors Fork and Buck Creek had only ~20 pg/L, but then increased
to 60 ug/L above its confluence with the West Fork tributary; and the river below West Fork was
substantially higher at ~140 pg/L. The massive, unprecedented nuisance Cladophora glomerata
bloom in late July - August 2018 in the mainstem also included populations in tributaries Taylor
Fork, South Fork, and West Fork. This species of Cladophora blooms in many other nutrient-
contaminated freshwaters, estuaries, and coastal marine waters worldwide (see Section ILE).
During winter baseflow, the river had 40 pg nitrate-N/L in the Taylor Fork-to-Buck Creek segment,
increasing to 60 pg/L above the confluence with the West Fork, and then to 100 pg/L below the
West Fork.

These data also indicate a cumulative effect of worsening water quality moving downstream.
That observation was made decades ago by, for example, the South Gallatin Zoning District
(undated) regarding sedimentation (known to adsorb nutrients such as P; and N; as ammonia -
Wetzel 2001):

The water quality of the Gallatin hangs in a critical balance with regard to erosion
and sedimentation in its upper tributaries. The Blue Ribbons of Big Sky Study
completed in 1979 stated the following: The suspended sediment generated from
the Taylor Fork watershed impacts the entire Gallatin River from the Taylor Fork
confluence, downstream. The drainage integrates many natural and man-caused
impacts into a diverse water quality problem...Any management activities in the
drainage have the potential of producing a catastrophic impact on water
quality...Basically all of the upper Gallatin drainage should be closely studied prior
to any land management act. Some areas may not be able to tolerate any
disturbance, and those that can will require a higher degree of management in
order to prohibit water quality impacts.

In streams with infrequent floods and extended accrual periods, such as the middle Gallatin in
July-Sept., a relatively small increase in dissolved N and P, likely not detected by infrequent
sampling conducted on the middle Gallatin, can greatly increase high-biomass bloom events (Biggs
2000a). Moreover, in three streams within the West Fork sub-watershed, short-term availability of
one nutrient (N or P) consistently resulted in elevated although variable uptake of the other
nutrient at all sites examined (Piper et al. 2017). Uptake of N and P were each strongly enhanced in
the presence of the other nutrient (Piper et al. 2017). Thus, the seasonal occurrence of nuisance
Cladophora blooms means that the affected river system has become even more nutrient-sensitive,
adversely impacted by lower N and P supplies than if nutrient pollution had been sufficiently
controlled so that blooms could not establish.

Furthermore as mentioned, Cladophora, once established, can continue to thrive in situations
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where very low nutrient concentrations are available in the surrounding water (Auer and Canale
1982, Suplee et al. 2008, Suplee et al. 2012). The approach used to assign the excessive TN and TP
criteria to the Gallatin River also did not consider the reality that:

Once nuisance blooms of Cladophora are seasonally established, N; and P; supplies
must be dramatically decreased down to natural background in order to prevent
future massive blooms (e.g., Painter and Kamaitis 1987, Welch et al. 1989, Parker
and Maberly 2000, Dodds 19914, Suplee et al. 2012).

The middle Gallatin River is impaired due to nuisance Cladophora blooms that have thickly
covered major areas of the mainstem seasonally, and/or have similarly affected tributaries that
affect the mainstem (GRTF 2018-2023). Success in decreasing or eliminating the major Cladophora
blooms will depend upon reducing nutrient pollution to levels that again limit Cladophora growth,
less than one-third of the present numeric TN criterion and half of the present TP criterion—that is,
down to natural background (U.S. EPA 2000a; see Section III). Typical engineering equations (e.g.,
WGM Group 202043, Darji et al. 2022), used to calculate the assimilative capacity of the middle
Gallatin for nutrients based on the MDEQ excessive criteria, consistently and entirely ignore the
recent reality of major seasonal nuisance Cladophora blooms. That approach will fail to protect the
designated use for sensitive aquatic life because Cladophora biology does not follow unrealistic
“instantaneous dilution rules.”

As the massive seasonal blooms repeatedly have shown, the middle Gallatin is at a tipping point.
The assimilative capacity of the middle Gallatin is already exhausted. Decreasing the massive seasonal
blooms will require major reductions of the present N and P supplies. There is no room for more.
MDEQ has known this important reality for at least a decade: For example, from study of another
nutrient-contaminated western Montana river with nuisance Cladophora blooms, MDEQ scientists
Suplee et al. (2012) wrote:

We document that nutrient reductions in rivers can be successful in controlling
algal biomass, but require achievement of concentrations below saturation and
likely close to natural background [emphasis added].

Based on GRTF data, the mainstem and various tributaries frequently are well above natural
background for nitrate, even well above what MDEQ (2013) has recognized as “elevated” (=
saturated) supplies.

IV.B.2. Excessive MDEQ numeric criterion for benthic algal biomass, July through
September -The MDEQ numeric criterion for acceptable benthic algal biomass in the middle Gallatin,

as the indicator pigment, chlorophyll a (chla), is 125 mg chla per square meter of substratum area
(125 mg chla/m?2). Water quality standards are required to protect the most sensitive designated use
of a given waterbody. Suplee et al. (2008, p.II) wrote,

In some parts of the state, mainly in the west, the most sensitive beneficial use is
recreation. A public opinion study carried out by DEQ [later published as Suplee et
al. 2009] shows that the public majority in Montana does not want to see
excessive bottom-attached alga[l] growth in the gravel-bottomed, clear running,
trout-fishery streams common in western Montana. For these types of streams,
the nutrient criteria have been set to prevent nuisance algal levels (as defined by
the public perception study) from developing....

Nevertheless, the excessive criteria set for benthic algae and the nutrients that fuel their
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growth did fail to prevent nuisance algal levels. MDEQ has since acknowledged that the Aquatic Life
use is more sensitive to nutrient pollution than opinions about aesthetics in recreational use
(MDEQ 20244, Table 2-3). That point would be especially applicable to the historically oligotrophic
middle Gallatin River and its highly sensitive salmonids and macroinvertebrates.

The non-protective benthic algal abundance criterion thus was not based on the most
sensitive designated use, and also countered peer-reviewed science: From a case study of the Clark
Fork River, Montana with supporting science literature, Dodds et al. (1997) described benthic chla
above 100 mg/m? as generally undesirable from a water quality (stream health) perspective. From
assessment of more than 200 temperate streams, Dodds et al. (1998) assessed the oligotrophic
boundary for streams at a mean benthic chla of 20 mg/m? or less, usually consisting a thin biofilm of
brownish, beneficial diatoms (e.g., Figure 7a). Even the lower boundary indicating nutrient-
enriched (eutrophic) conditions was 70 mg/m? or more. A MDEQ nutrient dose-response study
also demonstrated that in a Montana stream, benthic algal chla at 127 mg/m? led to seasonal
exceedances of the state’s DO standard (Suplee and Sada de Suplee 2011).

Suplee et al. (2008, p.39) described various studies showing that P; should be < 5 pg/L (e.g.,
Bothwell 1989, Welch et al. 1989, Sosiak 2002), or < 11 pg/L (Watson et al. 1990), or < 22 pg/L (if
grazers are present — Walton et al. 1995) “in order to maintain benthic alga[l] levels (including
Cladophora) at or below 150 mg chla/m? of stream bottom.” Benthic algal biomass of < 150 mg
chla/m?2 is excessive for the middle Gallatin, and above the 125 mg chla/m? criterion presently
assigned to the river by MDEQ. Yet, all of those suggested P; concentration maxima are below the
numeric P criterion presently assigned to the middle Gallatin River (30 pg TP/L, July-September).
GRTF (2021) data indicate that P; (orthophosphate or soluble reactive phosphorus) concentrations
from July through September are < 12 pg/L, most commonly < 7 pg/L. Thus, the P; concentrations
are within the range suggested by Suplee et al. (2008) to maintain benthic algae at acceptable
levels. P;is naturally high due to volcanic rock, geothermal activity, etc. in Yellowstone National
Park (e.g., 2 samples in March and May with P; > 10 pg/L; GRTF 2023), and Cladophora growing in
spring is likely storing some of the P; supplies for use later as temperatures warm. P;levels are very
low in the Gallatin just downstream from the Park during summer baseflow conditions. The higher
natural P; concentrations in winter-spring would have made the middle Gallatin yet more sensitive
to Njstimulation of Cladophora growth (sensu Piper et al. 2017; see p.26 of this comment).

It should be clarified that, although major Cladophora blooms on the Gallatin mainstem were
characterized by high AFDW (e.g., GRTF 2018, 2019, 2021, 2022b, 2023), benthic chlorophyll a
concentrations were aberrantly low and not “uniformly correlated” with AFDW (GRTF 2018). Yet,
Cladophora growth formed a thick blanket over most of the river bottom (e.g., Figure 12), so most of
the AFDW would have consisted of Cladophora. The writing emphasized that (despite the extreme
size of the blooms) the benthic chla concentrations were well below the assigned numeric
threshold. It was briefly mentioned (GRTF 2018, p.9), however, that the methods used may have
been inappropriate for measuring Cladophora biomass as chlorophyll g, and that in 2019 the GRTF
planned to “identify the alga[l] species present in the Gallatin to determine the appropriate lab
analysis method.” The writing is confusing because the identity of the filamentous alga forming the
massive blooms was well known. In 2019 the goal of determining the appropriate method to use
with Cladophora evidently was not accomplished: GRTF (2019, p.3) stated,

Significant findings regarding algae were as follows: ash free dry weight was over
the MT DEQ recommended nutrient criteri[on] of 35 g/m?2 at four locations
including sites on the Upper [middle] Gallatin, Taylor fork, West Fork below
Meadow Village, and the lower South Fork; chlorophyll a data [were] below the
state standard of 125 mg/m? at all sites. Caution should be taken in interpreting
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these chlorophyll a results as the MT DEQ reported potential difficulty with
laboratory extraction of chlorophyll a from samples containing Cladophora, the
primary filamentous alg[a]....

MDEQ difficulties in measuring chlorophyll a have continued, perhaps related to samples that had
degraded during storage to phaeophytin, or to partial bleaching of Cladophora prior to sampling
(MDEQ 2024b).

In the above comparison with Suplee et al.’s (2008) information, I did not mention Suplee et
al.’s suggested P; level of < 22 pg/L if grazers are present, because present grazer status in areas
impacted by nuisance Cladophora blooms in the middle Gallatin is uncertain although impairment
of the macroinvertebrate community repeatedly has been reported in the lower West Fork and

below its confluence with the Gallatin mainstem:

= More than 20 years ago, the macroinvertebrate community in the lower West Fork
downstream from residential developments in the Big Sky area had shifted from sensitive
mayflies toward more pollution-tolerant midges, and would have ranked as “severely
impaired” using a MDEQ Mountain Streams index (Bahls 2001, 2004; Bollman 2005).
Substantial nutrients from the West Fork have entered the Gallatin River mainstem for
decades, just upstream from the areas where the adverse shift in the macroinvertebrate
community was documented.

= About 15 years later, GRTF (2018) described a study of aquatic insects that involved sampling
at four locations along the Gallatin mainstem. The number of sensitive mayfly species and
sensitive caddisfly species diversity at all four sites, and the number of sensitive stoneflies at
three sites, were all less than expected for a healthy mountain stream (Kerans and Bollman
2018). The data suggested water quality impairment and habitat degradation, although the
authors mentioned that the thick algal mats on the streambed may have impeded
macroinvertebrate sampling and influenced the low data.

= The U.S. EPA (Todd 2022, Appendix A, p.10), in reviewing the information considered for
listing the middle Gallatin as impaired, noted that macroinvertebrate data collected between
2012 and 2021 indicate eutrophication (HBI threshold exceeded).”

Overall, based on peer-reviewed science authored by MDEQ scientists among others, the
assigned numeric criterion for benthic algal abundance (125 mg chla/m?) is excessive and should
not be used to infer acceptable benthic algal biomass in the historically oligotrophic, highly
sensitive middle Gallatin River and its tributaries. The numeric TN, TP, and benthic algal abun-
dance criteria set by MDEQ for the middle Gallatin have allowed this sensitive river to “degrade up.”

The massive seasonal nuisance Cladophora blooms (2018- in various areas of the middle
Gallatin) have led the general public to question whether the assigned Montana ecoregional
numeric nutrient criteria over three months of the year are protective. The Gallatin River Task
Force (GRTF 2022b), for example, recently expressed concern that the middle Gallatin appears to
be more sensitive to N additions than MDEQ had thought when setting the criteria. Science-based
re-evaluation is warranted.

IV.B.3. High nutrient contamination and high harmful algal abundance are considered
acceptable most of the year - MDEQ applies numeric TN, TP, and benthic algal abundance criteria to

the middle Gallatin segment for only three months. This approach fails to address the need to
protect the river from nutrient-related degradation for most of the year.
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It is most important to protect streams and rivers from noxious algae when their biomass is
maximal (Biggs 2000b, Biggs and Kilroy 2000). Studies of benthic algal biomass in aquatic
ecosystems affected by human-related sources of nutrient pollution generally focus on the active
growing season to ensure that the maximum is included and can be detected (Asarian et al. 2014,
Konrad and Munn 2016). This strategy is especially important since some benthic algae can have
bimodal growth maxima, sometimes with a higher maximum in late winter/spring followed by die-
off, and a second, lower peak in late summer or fall (Biggs and Close 1989, Breuer et al. 2016),
including Cladophora (Whitton 1970, Madsen and Adams 1988) in Montana streams and rivers.
For example, working in Rock Creek, a tributary of the Clark Fork, Montana, Watts (1993) described
Cladophora spring growth, die-off from June through August (the entire summer), and a second
growth period from September (early fall) to November, and senescence in December.

Also as mentioned (Section II.E), Cladophora biomass during blooms in north temperate
waters has been linked to prior winter conditions such as antecedent winter nutrient concentra-
tions (Parker and Maberly 2000). Other harmful algae such as potentially toxic benthic cyano-
bacteria can be abundant in north temperate streams and rivers during winter or spring (e.g.,
Sabater et al. 2003, Fetscher et al. 2015), and warming trends and other conditions in climate
change are expanding cyanobacterial “bloom seasons” (Haig et al. 2022, Cotner et al. 2022, Kim et
al. 2024). Such findings underscore the importance of setting protective numeric nutrient and
benthic algal abundance criteria for the middle Gallatin River year-round.

IV.B.4. No protection from excessive nitrate - According to the MDEQ EA and supporting
documents, nitrate is the pollutant of most potential concern from septic effluent leachate in the
proposed Quarry project. MDEQ is aware of the major threats from nitrate to Montana rivers such
as the middle Gallatin. Suplee et al. (2008) suggested numeric nitrate criteria because, as he
explained:

There is potential that if TN criteria are adopted in the absence of accom-
panying nitrate (NO2.3) criteria, the water quality benefits desired would not
be achieved. For example, if a...discharge met the TN criterion but the
discharge was almost all nitrate, water quality problems would in all
likelihood continue. This is particularly true of...streams where there are
strong indications of N limitation and studies suggest that special attention
should be paid to nitrate....

Impacts from septic effluent leachate to the middle Gallatin River and tributaries fit this
description; as explained in Section III, most of the TN that would move to the surface waters via
shallow groundwater carrying septic effluent leachate from the proposed Quarry project would be
nitrate. Two other points are important considerations: (i) Nitrate stimulation (e.g., GRTF 2021) or
nitrate+phosphate co-stimulation repeatedly have been shown from bioassays of Gallatin River
algae (e.g., GRTF 2021, MDEQ 2023b). Nitrate additions stimulate growth of Cladophora in the
Gallatin (e.g., GLWQD undated) as in many other surface waters (see Section IL.E; e.g., Lapointe and
0’Connell 1989, Kent et al. 2005; also see laboratory experiments by Farahdiba et al. 2020). (ii)
Ecologically and economically important, pollution-sensitive biota such as early life history stages
of salmonid fish in the middle Gallatin River and tributaries need protection from nitrate toxicity
(see p.4 of this comment).

MDEQ (Suplee and Watson 2013, p.i) abandoned further consideration of nitrate criteria
based on two assertions: The first was that rapid uptake of soluble N forms mainly by primary
producers (algae and vascular plants) causes variability in the concentrations of these N forms, so
they are difficult to use for ambient nutrient criteria. However, TN is as variable as nitrate in
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moderately to highly N-polluted waters; in fact, in such conditions nitrate is often an abundant or
even dominant N form (Stanley and Maxted 2008, and references therein).

The second MDEQ assertion (Suplee and Watson 2013, p.i) regarding nitrate was that TN
provides better overall correlation to eutrophication (nutrient pollution) response than soluble N
forms, and TN is “generally more practical than soluble N forms for ambient river monitoring and
assessment...(Dodds and Welch 2000).” That point may be valid for reference and minimally
impacted waters where most of the TN is refractive and difficult for plants/algae to access.
However, the generalization poorly applies to moderately and highly over-enriched waters because
nitrate can be a major or even predominant form in both surface water and shallow groundwater,
such as waters affected by septic effluent leachate (see Section III). As Suplee et al. (2008) stated, if
a large proportion of a TN measurement consists of bioavailable nitrate, management attempts to
alleviate degradation from nutrient pollution will need to focus on nitrate, not only on TN. As for
practicality, nitrate is easy and inexpensive to measure, analyzed in water quality laboratories
across the country.

IV.C. Inadequate sampling to characterize nutrient and algal conditions

Even since the massive Cladophora blooms of 2018, water quality samples have only been
taken monthly or less frequently, with emphasis on the July - September period when the numeric
nutrient and benthic algal criteria are applicable. Less sampling is usually done (e.g., only once per
month in two months, August and September) to characterize algal biomass. Water quality
monitoring reports describe measurements that are mostly below the Montana numeric nutrient
criteria, which implies that the middle Gallatin should be protected from impairment due to
nutrient pollution. However, the criteria are excessive and non-protective (see Section IV.B.1).

As the GRTF (2022a) stated:

What is clear is that algal blooms simply do not occur without nutrient loading...but for
the presence of excessive nutrients in a river, the river cannot experience severe algal
blooms. The science of eutrophication and [the] causal relationship between nutrient
pollution and algal blooms is well established.”

That is surely true regarding Cladophora, across the salinity gradient from freshwater streams to
marine coasts (see Section ILE).

The sparse sampling of the middle Gallatin River would be expected to chronically under-
estimate nutrient supplies. Consider the following examples from north temperate rivers: Sampling
frequency shorter than monthly was needed for reliable assessment of nutrient concentrations
(nitrate, ammonium, dissolved P, TP) (Harmeson and Barcelona 1981). In a second study, Torres et
al. (2022) reported that realistic assessment of nutrient concentrations requires more than 50
samples per year to achieve a small error (< 10%) and a 95% confidence interval. Monthly sampling
was insufficient for reliable characterization unless it was augmented by inclusion of storm events
and random sampling. A third study concluded that in river segments influenced by sewage
effluents, a sampling frequency of weekly or less is necessary to assess Pi and N; concentrations
accurately (Vilmini et al. 2018). Gardner and McGlynn (2006) aptly suggested weekly sampling of
nutrients (dissolved N forms) in the middle Gallatin, but I could not find any weekly data for Niand
P; prior to, during, or after 2018 when the massive Cladophora blooms apparently (based on sparse
data - see below) first affected the middle Gallatin mainstream.

The sampling has been inadequate in part because it is too infrequent and too macroscale to
accurately describe winter water quality conditions (for example, one date sampled in early March
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to represent winter conditions; GRTF 2023), or nutrient pulses from nonpoint sources such as septic
systems. Wang et al. (2024) demonstrated the need for much higher frequency of sampling (because
septic effluent leachate contamination is pulsed - see Section III), coupled with appropriately
sensitive analytical methods (very low practical quantitation limits), to accurately assess whether
small amounts of P from septic effluent from similar septic systems as proposed in the Quarry
Project can reach/are reaching the Gallatin River.

Accurate characterization of nutrient pulses from septic system requires a careful, localized
sampling design with appropriate timing to coincide with major system use (e.g., Gardner et al.
2011), enhanced by inclusion of specialized techniques such as stable N isotope labeling to improve
quantitative and tracking insights (Richards et al. 2017). I could not find such specialized studies as
described above for the mainstream Gallatin. Various nonpoint N sources, including septic effluent
leachate, have contributed to contamination of the West Fork and tributaries based on low-
frequency surface- and groundwater sampling, and nuisance Cladophora blooms have affected the
West Fork since 2005 (e.g. MDEQ 2006, GRTF 2018-2023; Dore 2020; Arthun and Zaimes 2024).
Gardner et al. (2011) developed a nutrient export model to improve assessment of linkages between
N loading and nitrate export in the West Fork sub-watershed. The model incorporated spatial
stream water chemistry, data from instream tracer additions and geologic weathering experiments,
and land use/land cover to quantify spatial variation in watershed sensitivity to N loading and the
relative importance of upland, riparian, and instream N retention (as storage, removal, or
transformation).

The model for the West Fork and its sub-watershed revealed that the most important controls
on watershed nitrate export to the streams were wastewater loading and relative travel time (i.e.,
the hydrologic transport time between N inputs and the stream channel). As expected, even small
amounts of wastewater loading (with its high bioavailable nutrient forms) in areas with short travel
times to the West Fork had disproportionately large impacts on watershed nitrate export. Septic
systems export effluent to a localized area, and localized highly concentrated septic loading has the
potential to saturate the immediate area and be quickly transported to streams (Gardner et al.
2011). The model described a high septic load to the upper Middle Fork mainstem.

As Gardner et al. (2011) wrote, “For effective management of stream water N, it is critical to
identify and quantify the spatial distribution of watershed N loading and retention.” Without
accurate evaluation of the middle Gallatin River, there is little hope of effective management of
nonpoint source pollution and, thus, low probability for adequate protection of this sensitive river
from the nutrient contamination that has fueled recent nuisance Cladophora blooms in the river
(seasonally for the past five years ongoing) and its tributaries (some, for decades - e.g.,, MDEQ 2006).

V. MDEQ did not provide a science-based environmental assessment for the
proposed Quarry project

V.A. Minimal impact analysis of new septic systems is the MDEQ norm

Review of an MDEQ permit for septic systems in the middle Gallatin watershed (MDEQ 2021a)
revealed that the process as conducted by MDEQ requires very little information (e.g,, 1 or 2 samples)
about background or septic effluent N (or P) concentrations. Permit MTX000266 for the Big Sky
Ophir School was to upgrade and expand the school’s septic systems with Level 2 treatment. The
receiving water is Class I groundwater, a high-quality water of the state, used for public and private
water supplies, culinary and food processing purposes, etc. Nevertheless, the following points are
given as examples of the lax permitting process for OSTSs that is considered acceptable by MDEQ:
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= (Calculations for the impacts of nitrate added to groundwater by the septic effluent leachate
required determining the background nitrate concentration. This important value was from a
water sample that had been taken two years earlier from well #2 used for the school’s water
supply, and “plugged into” historically used equations that consider physics and chemistry, but
not the biology of the potentially receiving surface water. The document stated that the
sample with the highest nitrate concentration collected 9 to 10 years earlier was used, which
would have minimized the difference between the effluent and background shallow ground-
water quality, thus minimizing the effluent impact. There was no mention of any statistical
analysis to determine the number of samples needed for accurate assessment (e.g., Sokal and
Rohlf 2013). Information was not provided on the number of samples that had been taken
from the well ~a decade earlier, but the sparse dated information MDEQ considered adequate
for the effluent nitrate concentration (below) did not inspire confidence that statistically viable
well sampling for background had been conducted.

= Effluent nitrate for the new school was represented by the higher of two water samples that
taken eight years earlier in the older school. Without further explanation, the document
asserted that “constituents should be very similar” for the two schools. The nitrate concentra-
tion in effluent from the new school was simply guestimated as 110% of the measured value
for the older school.

= Secondary impacts were not mentioned. Cumulative effects were wrongly defined (see Section
V.B.3) and reduced to as “the cumulative effects of the existing school and the proposed
elementary school combined.” The effects of both schools’ effluents on groundwater nitrate
were then further estimated from a set of programmed calculations. Impacts of the new
school and expanded septic system on population growth in the area or other actual
cumulative impacts with potential adverse effects on the middle Gallatin River were ignored
(see Section V.B.3).

Compounding the above (extreme) sampling deficiencies for groundwater N, MDEQ'’s (2015)
procedure for assessing P breakthrough by septic effluent leachate is inadequate to protect highly
sensitive waters such as the middle Gallatin River. It is designed for “the average” condition, largely
left to the discretion of the assessor:

= The P concentration of septic effluent is estimated using a “default value” of 10.6 mg/L, “within
the range of values reported by U.S. EPA (2002), Lombardo (2006), and Lowe et al. (2007).”
The overall range given in those three publications was 0.2 to 32 mg P/L with a median of 10.4
mg P/L, whereas the median in all reviewed literature was 19 mg P/L. Further explanation was
not given by MDEQ (2021a) as to how the default value was selected.

= That default value is used to estimate the amount of septic effluent produced, “on average,” by
a single-family home with “an average” of 2.5 persons.

= Another default value is used for the soil’s ability to adsorb P, although this value can vary
substantially (Lombardo 2006) and the actual adsorption capacity of a soil in a specific project
area could be measured.

= Only quarterly monitoring was required of pollutants in the receiving groundwater,
inadequate to detect and accurately characterize the septic effluent leachate pulsed inputs.

The small P concentrations, amounting to several micrograms of P; per liter, that can stimulate
nuisance algal overgrowth in the middle Gallatin River can easily be “lost,” obscured and
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overlooked or eliminated by rounding, in these rough average estimates.

The process of estimating P breakthrough is further exacerbated by extremely lax permits. In
Permit MTX000266 for Big Sky School District #72, Big Sky Ophir School (MDEQ 2021a). The
potential for P breakthrough was briefly dismissed as: “based upon distance and time to nearest
surface water, inherently addressing the potential for degradation of surface water.” The potential
and timing for P breakthrough was not further considered.

V.B. The EA lacks a science-based analysis of primary impacts wrongly defined
as “nonsignificant”

Montana nondegradation policy (MCA 75-5-303) “is intended to protect all high-quality state
ground and surface waters,” and requires a nondegradation determination for new or increased
pollution sources (MDEQ undated). Non-significant activities (discharges) are “considered to have
a low potential to harm human health, a beneficial use, or the environment” (MCA 75-5-317). The
MDEQ EA failed to conduct a nondegradation analysis for impacts from N or P in the septic effluent
leachate discharge from the new OWTSs in the proposed Quarry project.

V.B.1. No analysis of impacts from nitrate discharge - MDEQ'’s (undated) example of non-
significant activities includes:

discharges from a [septic system] facility using an advanced treatment system
where the concentration of nitrate in the effluent is at or below 7.5 mg/L [7,500
pg/L], either prior to discharge or at the end of a standard 500’ [foot] mixing zone,
discharges from a facility granted a source-specific mixing zone when modeling
demonstrates that dilution and attenuation will result in a nitrate concentration of
no more than 7.5 mg/L at the end of the mixing zone... (ARM 17.30.715).

In the EA, MDEQ’s nonsignificance determination (Water Quality Act, MCA 75-5-301(5)(d))
simply accepted that the proposed Quarry project discharges from septic systems using Level 2
treatment with nitrate up to 7.5 mg/L at the down-gradient end of a mixing zone are nonsignificant
and can officially be ignored in impact determinations. A large body of peer-reviewed science has
shown that this assertion is scientifically nonsensical and indefensible in considerations about the
aquatic life of the middle Gallatin River. There is a major gulf between the non-science-based “non-
significant” value of 7.5 mg NO3'N/L and the science-based reality for three reasons:

First, the EA nondegradation analysis did not consider nitrate toxicity to sensitive aquatic life
such as trouts (see p.3 above). Sensitive early life history stages, even moreso than juveniles and
adults, are poisoned by nitrate as low as 0.2 mg NO3'N, or 200 pg/L (Camargo et al. 2005, Camargo
and Alonso 2006). As examples, the MDEQ EA’s “non-significant” 7.5 mg/L level is equivalent to or
higher than the amount of nitrate needed to kill early life history stages of cutthroat trout
(Oncorhynchus clarkii) and rainbow trout (Oncorhynchus mykiss) (Kincheloe et al. 1979, Camargo
and Alonso 2006). These and other beneficial salmonid species inhabit the middle Gallatin River
system as mentioned and, in addition to being ecologically significant, they are the basis of an
important recreational fishery. As MDEQ (2006) noted, chronic exposures to lower levels have
been shown to cause adverse sublethal impacts to fish such as disorientation, slowed reaction time,

and reduced feeding as well (Camargo et al. 2005).

Second, the EA nondegradation analysis did not consider Cladophora. A localized, extremely
high concentration for this ecosystem such as 7,500 pg/L would fuel much more Cladophora growth
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in the mainstem Gallatin River. Nuisance Cladophora populations have established and they
seasonally cause recurrent blooms both in nearby upstream tributaries such as Beaver and Buck
Creeks, and in mainstem waters less than 0.5 mile downstream from the proposed Quarry project
site (see Section IV.B.1).

Based on the well-studied biology of Cladophora, reproductive cells (zoospores) have been
transported from upstream areas such as the mouth of Taylor Fork downstream to the mainstem
river area adjacent to the proposed Quarry project site, and have colonized it. The local populations
would be highly stimulated by the nitrate pulses from the proposed Quarry project septic systems.
Nitrate concentrations of that magnitude, ~100x higher than background for the middle Gallatin
(U.S. EPA 2000a), can stimulate Cladophora to achieve maximum (nitrate-saturated) growth
(Robinson and Hawkes 1986). Nitrate-saturated (maximum) uptake for Cladophora in another
western Montana river, the Clark Fork, was reported to occur at just slightly less than 1 mg NO3'N/L
(1,000 pg/L) under dissolved N;-replete conditions, and at ~0.2 mg NO3"N/L (2000 pg/L) when
dissolved N; was low (< 10 pg/L; Lohman and Priscu 1992). In the favorable habitat under
conducive environmental conditions (flow, temperature, light), uptake of the pulsed nitrate by
Cladophora would be rapid.

Third, the EA nondegradation analysis did not consider the potential for downstream impacts.
Nitrate is highly soluble and can be transported substantial distances, easily 10-20 miles as
mentioned (see p.18). Ifit is not taken up by algae in the localized area affected by the septic
effluent discharge, it will move downstream where it will contribute to blooms of established
nuisance populations.

The example of “nonsignificant” as septic effluent leachate containing up to 7.5 mg NO3"N/L
prior to discharge into this sensitive river is analogous to a government decreeing that it is
permissible for blood alcohol level in humans to be 0.41, ignoring the reality repeatedly shown by a
large body of accepted science that blood alcohol content of 0.41 causes possible coma and death
(https://www.medicalnewstoday.com/articles/breathalyzer-test). The EA’s acceptance of 7.5 mg
NO3'N/L as nonsignificant without scientific assessment would achieve the opposite of the stated
intent of the non-degradation policy because it would cause localized major adverse impacts to
sensitive biota in the middle Gallatin, also with high potential for negative downstream impacts over
time (sensu MDEQ 2006).

V.B.2. Significant adverse impacts from the “one-pound exemption” - The proposed
Quarry project would be permitted to allow up to 7.5 mg nitrate-N/L at the edge of the septic

leachfield mixing zone. An alternate prospect under recent legislation (ARM17.30.1022(1)(d))
exempts public sewage systems serving a common development that, in aggregate, discharges less
than 1 pound of TN per day from having to obtain a discharge permit.

Level 2 septic leachate, which would characterize the septic system leachate from the
proposed Quarry project, initially contains up to 24 mg TN/L (see p.20 of this comment). The septic
systems collectively would be permitted to discharge up to 132,500 gallons of septic effluent per day
(gpd), or 501,567 liters per day (see p.1); 501,567 liters per day x 24 mg/L = 3,180,000 mg TN/day,
or 3,180,000,000 pg TN/day, mostly as nitrate. The septic leachfield mixing zone is required to
retain all but 7,500 pg nitrate-N per liter. The alluvial aquifer, hydrologically connected to the river,
the short travel time for nitrate, and the high solubility of nitrate collectively would mean that
virtually all of the 7,500 pg nitrate-N/L would reach the river. That extreme, pulsed concentration
would result in major adverse ecological impacts both in the receiving area of the Gallatin mainstem
and in downstream waters as explained (Section III), likely exacerbated by small amounts of P
breakthrough as well.
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By comparison, allowance of up to 1 pound (453,600 of TN per day, essentially as nitrate,
means that up to 453,600,000 ug/day in 501,567 liters/day, with a concentration of 0.9 mg/L or 900
pg/L) mostly as nitrate-N, would be allowed to enter the middle Gallatin River. While that would be
an improvement over 7.5 mg/L, it would still be 22 times higher than the background/natural
concentration (40 pg nitrate-N/L; U.S. EPA 2009a) required to drive down the nuisance Cladophora
blooms. It would also be nearly an order of magnitude (9 times) higher than what MDEQ (2013)
suggests as elevated nitrate concentrations (= saturated for the system, > 100 pg nitrate-N/L).

There clearly was no scientific basis for this exemption, and no consideration about the severity of
impacts that would occur to sensitive receiving surface waters.

Cladophora along the west bank of the Gallatin adjacent to the proposed Quarry project would
be highly stimulated by pulsed nitrate inputs of up to 900 pg nitrate-N/L from the septic effluent
leachate (see Sections IL.E and IV.B.1). Blooms have recurred a short distance upstream in
tributaries and a short distance downstream in the mainstem. An abundant inoculum of Cladophora
reproductive cells has been added to the area repeatedly over the past five years (see Section IL.E),
and some of the millions of cells doubtless have settled among rock crevices in the area adjacent to
the proposed Quarry project. The nitrate added under the “1 pound rule” would be greatly in excess
of the minimal concentrations needed to fuel massive nuisance blooms in the sensitive middle
Gallatin (Section IL.E) and, more generally, in streams across the state (see review in Burkholder
2024).

V.B.2. No analysis of impacts from phosphate discharge - The EA is lacking in considera-
tion of phosphorus as well. It mentions P only twice, and fails to include an analysis of potential

impacts from P added to the Gallatin River by the Quarry Project. In supporting documents (e.g.,
WGM Group 2023, p.25), it was estimated that the phosphate from the proposed Quarry septic
systems would be entirely adsorbed by soil and debris particles for at least 50 years (50-year
breakthrough require-ment - ARM 17.30.715(1)(e)); e.g., WGM Group 2023). Rigorous analysis of
the potential for P breakthrough requires accurate measurement of present background
groundwater P concentrations. The WGM Group’s (2023) statement shows that such information is
missing:

Phosphorus concentrations (monitored in the form of orthophosphate [Pi]) are
generally low in the canyon'’s shallow aquifer; all [groundwater] data from 167
samples in 2020 and 2021 indicate that orthophosphate is below the reporting
limit of 0.1 mg/L [100 pg/L; emphasis added].

Reliable analysis of potential impacts from the Quarry Project on this sensitive river segment
requires much lower practical quantitation limits. Such methods have been widely available at least
since the 1990s (e.g., American Public Health Association et al. 1992), but were not used. The fact
remains that a “nonsignificant” concentration of 100 pug P;/L is a major amount of highly bioavailable
P from the perspective of groundwater P contamination of the sensitive middle Gallatin system,
more than 3x higher than the excessive MDEQ-assigned P criterion. Back to the blood alcohol
content analogy, the lack of groundwater P; data at appropriate reporting limits is analogous to a
policeman informing a driver that he is being arrested: His blood alcohol content reads 4 because
that is as low as the inadequate breath analyzer can measure—when the range that needs to be
measured is at least 10 times lower. Groundwater P; data that all are all vaguely “below 100 pg/L”
means that quantitative information in the needed concentration range was not available.

Also as explained, MDEQ’s (2015) for assessing P breakthrough repeatedly emphasizes
estimated averages. The small P concentrations, amounting to several micrograms of P; per liter,
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that can stimulate nuisance algal overgrowth in the middle Gallatin River can easily be “lost,”
obscured and overlooked or eliminated by rounding, in these rough average estimates. Moreover, if
the 50-year P breakthrough criterion is satisfied, additional analysis of P impacts to the middle
Gallatin River is not required (MDEQ 2005). The lack of long-term evaluation of impacts would
result in long-term potential P increase in the river (MDEQ 2006).

V.B.3. No analysis of secondary or cumulative impacts to the Gallatin River - Secondary
impacts are defined as those that occur at a later time or distant from the trigger-ing action (MDEQ

2006). They result from indirect or induced changes in patterns of land use, population growth,
and environmental effects resulting from a project (U.S. EPA 1976)—here, the addition of a
subdivision along the already-impaired middle Gallatin River, importantly, planned to be facilitated
by an adjacent subdivision that would connect its public water supply (MDEQ EA: Lazy ] Utility
Association Public Water Supply MT0004432). Examples given by U.S. EPA (1976) included
changes in the river that have the potential to contribute to adverse impacts from water pollution
to sensitive ecosystems like the Gallatin due to changes in population and land use.

Cumulative impacts are defined by MDEQ (2006) as “the collective impacts on the environ-
ment when considered in conjunction with other past, present, and future actions related to the
proposed project.” They can result from individual actions that, taken separately, are minor—but
when combined over time with other actions, become significant (MDEQ 2006). Examples given in
MDEQ (2006) involve nutrient contamination from regulated and nonregulated sources, possible
increases in sediment loading (with adsorbed nutrients; Froelich 1988, Stumm and Morgan 1996)
due to additional development on public and private lands, associated habitat losses (both in the
river and on lands adjacent to the project development), and other increased human encroachment
on wildlife habitat that could reduce long-term population viability.

Under one of several sub-headings titled “Secondary Impacts,” the EA briefly states (p.20):

The Applicant...will monitor the effluent at the end of pipe of each individual septic
system [parameters listed]....Applicant would submit a complete design submittal to
MDEQ for review and approval.

The mention of monitoring a list of parameters, and submission of a monitoring design to MDEQ
could be a beginning step to secondary impact assessment—IF the monitoring program was
science-based with appropriate sampling frequency, site selection, and analytical methods—by
documenting changes in water quality conditions. However, the monitoring required of septic
system permits by MDEQ has been grossly inadequate to accurately describe groundwater or
surface water conditions (see Section V.A), and no indication was given in the EA of improvement.

The EA briefly lists two possible secondary impacts to geology and soils. The first, drainfields
contributing to soil acidification and salinization, was dismissed as inconsequential without
evidence. A third potential secondary impact on soils is mentioned, subsidence from excessive
wastewater drainage. The EA then refers to soil reports from Rawhide Engineering that show
stable geology in the project area and dismisses any impacts to geology and soils as negligible.
Lacking, however, is any analysis of how/how much the proposed Quarry project would actually
affect the soil stability.

Regarding development and associated septic/sewage effluent, MDEP (2006, p.187) aptly
stated, “Predomin[ant] impacts to aquatic habitats are secondary, caused by water quality
degradation over time.” Secondary impacts related to the proposed Quarry project would include
chronic, pulsed nutrient increases to the mainstem Gallatin from unregulated development such as

37



landscape fertilizer runoff and pet wastes, release of soil nutrients from timber clearing, increased
stormwater runoff, and general soil disturbance from the subdivision.

The EA (p.20) asks, “Is there potential for violation of ambient water quality standards...or
degradation of water quality?” and then does not answer that question for either secondary or
cumulative impacts (which the EA intermixed). The following points are germane in considering it:

= The numeric TN, TP, and benthic algal criteria are excessive, so they are not protective
measures especially during growth periods for harmful algae such as Cladophora. Much lower
criteria are needed to protect the designated use for sensitive aquatic life in the middle Gallatin
River. Moreover, N, P, and benthic algal data are sparse (see Sections [V.B.1 and IV.B.2), and
are believed to underestimate eutrophying conditions in the middle Gallatin River.

= Nevertheless, the available data have verified that widespread nuisance Cladophora blooms
related to N and P contamination have recurred in the Gallatin mainstem and tributaries
Taylor Fork, Buck Creek, Beaver Creek, West Fork, and South Fork (e.g., GRTF 2022c; see
Section IV.B.1). In 2019, benthic algal biomass (AFDW) exceeded the numeric threshold in
August on the mainstem above Taylor Fork, below West Fork, and below Portal Creek. TP
exceeded the water quality standard on one or more dates in July 1 through Sept. 30 in the
mainstem river below Buck Creek, a short distance upstream from the proposed Quarry
project site location, and just downstream from the project location below the mainstem
confluence with the West Fork. A GRTF annual report covering Gallatin River mainstem
nutrient data was not available in 2020, but massive Cladophora blooms were again
documented in parts of the mainstem and some tributaries. In 2021, benthic algal biomass as
AFDW (sampled only twice per site) exceeded the Montana numeric threshold on the Aug. date
in the Gallatin mainstem above Taylor Fork, below the West Fork, and below Portal Creek. In
2022, widespread nuisance Cladophora blooms occurred in the Gallatin mainstem (GRTF
2022b; note that GRTF 2023, the most recent year for which a GRTF annual report was
available, emphasized conditions in tributaries).

= The EA’s cursory dismissal of the potential for TP breakthrough from the septic systems in the
proposed Quarry project should have been carefully considered from the perspective of
Cladophora growth, as explained above (for example, see Figure 11). As explained, the middle
Gallatin is characterized by infrequent floods and extended accrual periods in July -
September, and in such systems a relatively small increase in dissolved N and P can greatly
increase high-biomass events in localized areas.

The EA (pp. 20-21) fails to assess cumulative impacts from the proposed Quarry project; its
writing on that important issue was limited to mention of “minor increase in runoff from any
impervious building or roadway, which is mitigated by discharge to native vegetation or
stormwater management facilities (retention ponds, swales, and drainage ditches).” The MDEQ EA
also acknowledges the possibility of minor cumulative impacts after initial construction. The
writing provides a list of potential cumulative impacts (soil degradation from long-term exposure
to wastewater, habitat loss from contaminated soils that can harm wildlife and reduce biodiversity).
After brief mention, these impacts were not assessed; the EA simply states that “With regular
facility maintenance and groundwater monitoring, such impacts would be largely mitigated.” In
addition to the fact that accompanying evidence/analysis was lacking, it is noteworthy that
infrequent monitoring of groundwater does not/would not mitigate such impacts (clarification: the
monitoring frequency was not given in the EA, but MDEQ 2021a only required quarterly
monitoring, inadequate to assess the septic effluent leachate pollutant regime as explained).
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The EA gave two reasons for the lack of a rigorous analysis of secondary or cumulative
impacts from the proposed Quarry project:

(i) Surface water trigger analysis (MCA 75-5-301 (5) e) is not required of any wastewater
systems that are more than 1/4th mile (1,320 feet) from surface water. Readers are told (EA,
p.4) that “the property lies...approximately 1200 feet west of the Gallatin river,” or 22.7% of a
mile distant from the river. By that stipulation, a trigger analysis should be required, and
should be modified to consider localized impacts in stimulating Cladophora (see ii below). A
trigger analysis, that is, an analysis of the effect of the proposed drainfield system on the
quality of any adjacent surface water, is required by ARM 17.36.312 and 17.30.715(1c)
(MDEQ 2015). The increase in the surface water nutrient concentration cannot exceed the
trigger value of 0.01 mg/L (10 pg/L) nitrate-N and 0.001 mg/L (1pg/L) P; as set forth by
MDEQ (2019). A second problem with this reason is that the EA (p.28) states that the
proposed primary drainfields with respect to soil classification, distance to surface water, and
limiting layers were reviewed, and it was decided that trigger analysis was not required.
Additional information is not provided; readers instead must “have faith” that the reviews
were rigorous and science-based.

(ii) MDEQ is exempt from having to evaluate cumulative and synergistic impacts if the nonsignifi-
cance requirements are met. MDEQ exempts itself from having to conduct a rigorous
assessment of cumulative and synergistic impacts by using nonsignificance requirements that
would allow up to 7,500 pg/L nitrate and 100 pg/L P; to be discharged toward the river at the
edge of the mixing zone. As explained (pp. 32-33), based on a large body of peer-reviewed
science, that “nonsignificance” would be highly significant with adverse localized impacts to
the sensitive river, also with potential of downstream impacts from nitrate transport.

The EA (p.29) states that MDEQ calculated wastewater contributions anyway (in a public
hearing - information not shown in the EA), and that the net computed nitrate change was not
significant (increase of < 10 pug nitrate-N/L to the river), even if all the partially treated effluent
from the septic systems was added. The standard calculations by MDEQ and engineering
consultants fail to capture the important characteristics of groundwater pollution to the middle
Gallatin River. For example, the calculations assume that the groundwater N input is constant
year-round (WGM Group 2000b, p.18), which fails to capture the important pulsed nature of the
inputs, the much higher inputs during periods of heavy septic system use, and the importance of
both characteristics to Cladophora response.

As is typically done in dilution calculations (e.g., see WGM Group 20204, Darji et al. 2022), these
calculations use the total volume of the river. They do not consider the key issue, for
Cladophora, of localized impacts from what effectively would be a second “mixing zone” in the
river itself, along the western area that is excellent Cladophora habitat. If the volume along the
western area of the river was used, rather than the entire bank-to-bank volume, the localized
impacts would be substantial considering that this macroalga is highly efficient at translating
small amounts of N and P uptake to major growth (see Section IL.E). They would also be
substantial from the perspective of sublethal and lethal effects on early life history stages of
ecologically and economically important salmonid fishes.

Thus, approval of this permit for subsurface wastewater treatment systems in the proposed
Quarry project would tacitly rely upon an unspecified mixing zone in the Gallatin River (sensu
MDEQ 2006, p.146). The Gallatin along its western bank would have to dilute pulsed major
concentrations of up to 7,500 pg nitrate-N/L and a portion of the 100 pg P;/L. Alocalized area
along the mainstem would have elevated N and P levels until attenuated by dilution, which
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locally would exceed trigger values (MDEQ 2006, p.146) and would far exceed concentrations
known to saturate Cladophora growth (Lohman and Priscu 1992).

VI. The proposed Quarry project exemplifies the lack of protection of the
sensitive middle Gallatin River from encroaching development

As mentioned, the subdivision in the proposed Quarry project would be connecting to a public
water supply utility from a new adjacent subdivision, separately permitted by MDEQ. MDEQ (2006,
p.187), but not the MDEQ EA, considered this type of cumulative impact carefully:

Because DEQ policy evaluates impacts to surface water on the basis of individual
development proposals (including serial projects by the same applicant),
cumulative impacts from multiple independent proposed developments are not
considered in a regulatory framework....The Montana Water Quality Act (75-5-101,
et seq., MCA) restricts degradation of high-quality waters such as the Gallatin River,
and provides a degree of protection to existing water quality. [But] the suite of
regulations that apply to subsurface wastewater treatment facilities (e.g., septic
systems) assess each potential applicant independently instead of cumulatively
[emphasis added]; in other words, the more sources of septic effluent, the greater
will be nutrient loads to the river.

As a consequence, it is likely that water quality will degrade over time as the level
of development increases....Because [this] is a policy action, the impact will be
gradual to aquatic life, and subject to human factors such as the rate of develop-
ment....and the number and types of individual wastewater systems that contribute
nutrients to the river....The gradual decline in water quality may accelerate in
concert with the increasing rate of development along the [sensitive river] reach.

MDEQ’s (2006) conclusion about a damaging “business-as-usual” assessment of an individual
development without considering cumulative impacts of multiple new subdivisions was that:

The overarching impact...is the potential increase in nutrient inputs...and the
cascading chemical and biological effects in the aquatic ecosystem. Once the
nutrients are introduced to the river, there is little that can be done to rectify
the impacts....”

This damaging business-as-usual mode of operation in the MDEQ EA is unrealistic and non-
protective. As MDEQ (2006) explained, an increase in numbers of septic systems adjacent to the
mainstem Gallatin River and its tributaries will accelerate P; saturation in receiving soils, and both
P; and nitrate inputs to the river would increase over time, leading to declines in sensitive species
such as trout and food web shifts toward pollution-tolerant species. More nitrate added to the
middle Gallatin would increase the probability of nitrate toxicity to sensitive aquatic species as well
as adverse downstream impacts. Additional approved developments, one by one, would increase
soil disturbance with greater likelihood that erosion of the disturbed soils would degrade water
quality. More development would be associated with more fertilizer runoff and more pet wastes
moving into the middle Gallatin in stormwater runoff, enhancing algal growth. As noted, for
example, by Watts (1993), gradual degradation of oligotrophic streams and rivers by a slow
increase in nutrient supplies from an increasingly disturbed watershed likely favors benthic
Cladophora blooms.
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The “death by a thousand cuts” MDEQ approach of considering new subdivision developments
with OWTSs independently rather than cumulatively, as exemplified by the proposed Quarry
project, is allowing gradual degradation of the middle Gallatin River. Worse, once such degradation
is onset, the state of Montana has done little to alter course toward meaningful improvement.

Consider that nutrient contamination from development in the West Fork sub-watershed
began to degrade the West Fork tributary at least by the mid-1990s (Baldwin 1997, MDEQ 2006).
Nuisance algal growth in the mainstem middle Gallatin River below the West Fork was related to
the increased nutrient inputs; as MDEQ (2006, p.54) wrote, “Algal growth indicates nutrient input
from the West Fork is having a detrimental impact on the Gallatin mainstem.” Nearly 15 years later,
the TMDL for the West Fork Gallatin River (MDEQ 2010) identified three streams as impaired in
that sub-watershed including the Middle Fork, the South Fork, and the West Fork. Fifteen more
years later, all three streams remain impaired and have been joined by others (see Section I1V.B.1),
often in violation of water quality standards and affected by thick nuisance Cladophora overgrowth
(GRTF 2021, MDEQ 2021b). More broadly, of 33,291 km of river and stream lengths recently
assessed in Montana, 80% (26,705 km) were classified as impaired for aquatic life. N and P
contamination was a major cause of impairment (MDEQ 2021b).

Downstream impacts from septic effluent leachate contributed by the proposed Quarry
project would potentially be exacerbated by adjacent development(s). The locations most affected
by downstream impacts from nitrate vary from just below the nutrient source input to many
kilometers downstream (e.g., Mallin et al. 1993, Chapra et al. 2014, Flynn et al. 2015). In fact,

Model simulations of the West Fork Gallatin River indicated that small amounts
of wastewater loading [emphasis added] in sub-watershed areas with short
travel times to the river had disproportionately large impacts on watershed
nitrate export downstream in comparison to spatially distributed N loading or
localized N loading in watershed areas with longer travel time. - Gardner et al.
(2011)

Exurban expansion (that is, growth of residential areas in what were rural areas), exemplified
by the proposed Quarry project, is a leading cause of riparian degradation and habitat fragmenta-
tion for wildlife across the U.S. (McKinney 2006, Ruas et al. 2022) and habitat fragmentation for
wildlife (Theobald 2001, Hansen et al. 2005) across the U.S. A pressing question is:

What can be expected for the middle Gallatin River if MDEQ continues to allow
this gradual degradation by “business as usual” failure to assess cumulative
impacts of exurban development?

The inevitable outcome is shown in the following analysis (ironically, part of a larger MDEQ
study) of impacts from recent exurban expansion affecting Rock Creek, a tributary to the Clark Fork
in the Yellowstone River watershed in south-central Montana (Arthun and Zaime 2024a,b). Vore
(2012) identified exurban expansion as a significant new threat to wildlife in Montana. The Rock
Creek study verified that nitrate+nitrite levels are significantly higher in the stream near exurban
areas; NOy and TP levels substantially increased over the short study period (2022-2023), and
exurban expansion accounts for 78% of homes built in the sub-watershed. That has translated to
nearly 50 square miles of habitat loss. The authors summarized the recent changes:

Exurban development continues to advance....Riparian forests are being removed,
houses built and septic systems installed, creating mass loading of P and nitrate+
nitrite.”
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Figure 13 shows the present reality for a once-sensitive stream having the same pristine
origin (Yellowstone National Park) as the middle Gallatin River. This situation has occurred
because the State of Montana and its environmental agency are failing to protect sensitive, valuable

river ecosystems from major cumulative impacts of exurban development such as the proposed
Quarry project.
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Figure 13. Map showing locations of an estimated 1,959 individual septic systems
(2021 data) along Rock Creek, tributary of the Clark Fork in the Yellowstone River
drainage. The shallow groundwater is overlain by permeable soils, similarly as near
the Gallatin River. Modified from Arthun and Zaime (2024a).

VIl. Summary and Recommendations

VIILA. These major points are well supported by peer-reviewed science

o Asexplained above, the proposed Quarry project would be sited only a short distance from the
west bank of the middle Gallatin River in a location highly vulnerable to exurban development.
Permeable soils and a relatively shallow aquifer would allow up to 7.5 mg/L (7,500 pg/L
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nitrate-N and up to 100 pg/L phosphate (PO43P) from new septic systems added by the project
to quickly (days) reach the river. These concentrations are extremely high relative to
background/natural conditions for this historically oligotrophic, highly nutrient-sensitive
river, especially during low-flow warmer months when groundwater contributes much of the
river flow. Nitrate can act as a toxin to sensitive aquatic life, as well as a nutrient for algal
growth. The nitrate levels that would be allowed in the proposed project exceed lethal levels
for early life history stages of trout species that inhabit the middle Gallatin River.

The middle Gallatin is impaired for massive nuisance algal blooms, specifically Cladophora
glomerata, which recently developed in the mainstem a short distance downstream from the
project site. Major Cladophora blooms have recurred there and/or in tributaries a short
distance upstream and downstream from the project site.

Now that these massive nuisance blooms have seasonally established, the middle Gallatin River is
hypersensitive to further nutrient contamination. Cladophora thrives in nutrient-contaminated
(high N and P) waters but, once established in a river segment, it is adept at maintaining high
growth on small amounts of bioavailable (easily consumed) N; and P; from micro-environ-
ments near the cells. Cladophora is highly efficient in translating low available inorganic N and
P concentrations into major growth, partly because it stores ample N and P supplies that were
available in the surrounding environment earlier in its growth season. Nutrient bioassays
repeatedly have shown that nitrate additions, or in some cases both nitrate + phosphate
additions, directly stimulate Cladophora growth in the middle Gallatin and tributaries affected
by nuisance blooms. Warming temperatures in late spring/early summer, which have
increased in some years (e.g.,, MDEQ 2024b) and are projected to increase with warming
trends in climate change (Pederson 2010, Cross et al. 2017, Isaak et al. 2017), act synergis-
tically with nutrient pollution and high available light to fuel increased Cladophora growth.

VII.B. The proposed project will cause or contribute to violations of Montana state
water quality standards

The added nutrient contamination will cause and/or contribute to major nuisance Cladophora
blooms in the adjacent river due to the high localized input of excessive nitrate concentrations
from the septic effluent leachate, likely with small amounts of phosphate as well. The nutrient
contamination from the added septic systems will also contribute to recurring blooms down-
stream, and to degradation of downstream waters, through transport of some of the nitrate
and of reproductive cells (many thousands) from upstream Cladophora populations.

High respiration of Cladophora blooms at night, and/or decomposition of dead material
forming a thick carpet on the river bottom will create hypoxia and anoxia (Dodds 1991b,
Gubelit and Berezina 2010, Suplee et al. 2019), known to stress and kill beneficial aquatic life
such as salmonids. Photosynthesis during daylight hours will create supersaturated oxygen
conditions that can cause stress and disease in fish (Weitkamp and Katz 1980, Nebeker et al.
1981, Suplee et al. 2015 and references therein). High-biomass algal blooms often super-
saturate Montana waters with oxygen during summer afternoons (Gammons et al. 2011). The
proposed project will cause or contribute to more violations of both DO minimum and diel DO
variation standards.

The nuisance Cladophora blooms will also violate Montana state pH standards in the overlying
water and within the thick biomass. The pH in Cladophora blooms can exceed 9 during day-
time photosynthesis and can plummet under respiratory conditions at night due to high

43



respiration of the living biomass and senescence/decomposition of dying/dead mat material
(e.g., Dai et al. 2024).

It should be noted that very little information exists about impacts of the massive Cladophora
blooms in the middle Gallatin and tributaries because of infrequent sampling (only twice per
station in July-Sept. even during years of massive blooms) and focus on the overlying water away
from the bloom biomass. Moreover, continuous DO measurements, needed to assess pre-dawn
oxygen sag conditions and minimal DO accurately, only began to be taken, at three sites, in 2023
(GRTF 2023, p.7). Even that sparse information verified that the diel DO variation exceeded the
numeric criterion (7-day moving average, 3.5 mg/L) in 1 of the 3 sites (West Fork Gallatin mouth)
on nearly 20% of dates during July 23 through ~Sept. 5. The probe likely was place into the
overlying water, which would have underestimated both low-DO stress and supersaturation at the
mat surface and within the thick growth. Low-DO stress associated with thick Cladophora growth
has been documented in other Montana rivers (Suplee et al. 2009, Watson 1989), sometimes out of
sync with increases in diel DO variation because decomposition can be delayed. Warming
temperatures are expected to exacerbate violations of water quality standards by the bloom:s.

VII.C. The EA fails to provide a science-based analysis of environmental impacts
from the high nutrient contamination in the septic effluent leachate

e No recognition of the fact that the middle Gallatin River is now hypersensitized to nutrient
pollution, with no additional assimilative capacity - The MDEQ EA contains many serious errors
of omission, foremost among them the fact that Cladophora, the central focus of impairment in
the middle Gallatin River, is not mentioned. The massive blooms, new to the river since 2018
and now recurring, demonstrate that the middle Gallatin’s assimilative capacity is exhausted.
That important point was missed by the EA and by various supporting documents (e.g. WGM
Group 2023). They wrongly treated this river “just like any other,” ignoring the reality that the
middle Gallatin is now hypersensitized to nutrient pollution.

e No analysis of “nonsignificance” or adverse, major localized impacts - The falsely asserted
nonsignificant addition of up to 7,500 pg nitrate-N/L, likely with a small portion of the 100 pg
phosphate/L allowed at the edge of the leachfield mixing zone, would instead be highly
significant to the localized area—but the EA does not provide even a cursory science-based
analysis. The traditional mass-balance engineering equations depended upon by the EA and
supporting documents unrealistically assume full, instantaneous dilution of the large, localized
major nutrient pulses from the septic effluent leachate by the river volume bank to bank, while
also tacitly using the western area of the river as an unofficial mixing zone. Cladophora, in
habitat made more optimal by the septic effluent nutrients, can be expected to take advantage
of the nutrient pulses and is physiologically well equipped to do so. Rich inocula of Cladophora
vegetative and resting cells likely have carpeted the river, repeatedly released and transported
downstream from tributaries affected by major blooms, just a short distance above the
proposed project site (e.g., Buck Creek, Beaver Creek).

e No analysis of secondary or cumulative impacts — The EA repeated the “secondary impacts” and
“cumulative impact” titles in various section of the document, but did nothing to actually
assess them. It seemed as though, for the writers, simply repeating the terms was “good
enough.” These omissions were especially ironic considering that the proposed project would
link to another exurban development for its finished drinking water supply. In marked
contrast, a rigorous analysis of secondary and cumulative impacts for the middle Gallatin,
made ~20 years earlier by MDEQ (2006), carefully considered both impact categories. The
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middle Gallatin River is a renowned national resource. This EA did not assess the impacts of a
subdivision, one of many planned—its high potential to degrade water quality, its potential to
induce more subdivision growth, or its aesthetic impact on this sensitive river in mostly
undeveloped wild lands.

VIIL.D. Actions are required to protect the middle Gallatin River from further
degradation due to nuisance Cladophora blooms

This EA is unacceptable because it does not consider the central cause of impairment to the
middle Gallatin River—Cladophora, and the nutrient pollution that gradually tipped the river
ecosystem toward massive nuisance blooms. The EA fails to provide a science-based environ-
mental assessment. The EA would not protect the sensitive middle Gallatin River from recurring/
increasing massive Cladophora blooms or linked nutrient pollution (per Todd 2022). Instead, it
would allow gradually increased degradation of the middle Gallatin system (per MDEQ 2006). The
EA fails to assess localized impacts from the highly contaminated septic effluent leachate, or the
high potential for those nutrient supplies to cause and contribute not only to localized Cladophora
blooms but also to recurring blooms a short distance downstream. Inorganic N and P uptake,
turnover, and regeneration times in rivers can occur rapidly, in seconds, minutes, or hours
(Mulholland et al. 1985). Much of the particulate N and P that is temporarily unavailable would be
released through de-absorption or decomposition of organic remains, to stimulate Cladophora in
the immediate area or contribute to downstream populations and worsened impairment.

Walsh et al. (2005) refer to the middle Gallatin River/Rock Creek rapid exurban development
expansion as “urban [urbanizing] stream syndrome.” The gradual degradation the middle Gallatin
system is obvious, progressive, and ongoing: Some tributaries have remained impaired for decades,
worsened by more development with poor sewage treatment. Accordingly, the WGM Group
(2020a,c) reported that anthropogenic N loads appear to be increasing N supplies in both the West
Fork and the Gallatin mainstem. As explained, the pulsed septic effluent leachate characteristic of
the proposed Quarry project is expected to cause and/or contribute to violations of several
Montana water quality standards, which will increase impairment so that the middle Gallatin
cannot fully support designated uses such as trout fishing, primary contact recreation, and growth
of salmonid fishes and their pollution-sensitive macroinvertebrate food.

Science-based analysis of cumulative impacts is especially critical for evaluation of the
proposed Quarry project as explained above, and as starkly exemplified by the degradation of a
nearby stream through the addition of nearly 2,000 septic tanks that were each considered indivi-
dually for impacts to the stream and its biota (Arthun and Zaime 2024)—rather than collectively as
they realistically affect the sensitive river ecosystem (MDEQ 2006).

Effective protection of the middle Gallatin from further degradation due to nutrient
contamination and recurring/increasing nuisance Cladophora blooms will require strict measures
to decrease the human-related sources (e.g., Whitton 1970, Arthur and Zaime 2024a). Explicit
growth boundaries additionally should be set beyond which exurban growth is restricted, so that

sensitive natural areas can be protected (Domenech 2017).

Improvement of the middle Gallatin segment will require developing more protective site-
specific Montana ecoregional numeric TN, TP, and benthic algal biomass criteria, as well as
protective nitrate-N criteria (more generally recommended by Suplee et al. 2008). The present
criteria (MDEQ 2014) are allowing the middle Gallatin to “degrade up” so that the river increasingly
is characterized by nuisance high-biomass blooms. Clearly, the middle Gallatin is much more
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sensitive to nutrient contamination than MDEQ previously assumed based on available data at that
time, and especially considering that the massive mainstem blooms had not yet developed.

As noted by The WGM Group (2023), during late summer baseflow when the middle Gallatin
system is most nutrient-sensitive, anthropogenic loading adds substantially to in-stream N
concentrations as aquifer sources like septic drainfields contribute N to down-gradient streams.
MDEQ’s (2013) elevated nitrate, designated at > 100 pg nitrate-N/L, was a promising step to
characterize streams as nitrate-saturated potentially with adverse eutrophication impacts. Based
on information contained in the GRTF reports, however, little is done to decrease elevated nitrate
thereafter, so enforceable numeric criteria are needed. Protective numeric nitrate criteria should
extend year-round to cover winter low-flow periods, the spring period of initial Cladophora growth,
when substantial nutrient storage occurs in the cells, and the second growth maximum in fall
(sensu Suplee et al. 2008, p.44, who counseled that the numeric criteria should apply during the
period(s) when algal growth is heaviest). Highest nitrate concentrations have generally been
reported in winter baseflow months (Sept. - March) when low flow limits dilution (Blue Water Task
Force 2006).

As a final recommendation, major improvements are needed for sampling environmental
conditions (pH, temperature, light), nutrients (TN, nitrate-N, TP, phosphate), and benthic algae in
the middle Gallatin mainstem and tributaries. The latter (benthic algae) should include reliable
analysis for chlorophyll a concentrations. Rigorous characterization of pre-bloom, bloom, and post-
bloom conditions will require weekly sampling to strengthen insights about Cladophora behavior
and impacts in the middle Gallatin. Additional winter baseline nutrient measurements would also
be helpful, and more concerted sampling to capture localized conditions along the mainstem shore
adjacent to the proposed (or any other planned) exurban development. Microsensors (e.g.,
Sundbdck et al. 1996, Bissett et al. 2008) should be used for accurate assessment of pH and DO
conditions just above the algal growth in the overlying water, within the thick Cladophora biomass,
and near the bottom within the biomass. The latter two areas are important to include because
many beneficial macroinvertebrates are benthic, living on the stream bottom or among near-
bottom habitats like Cladophora, effectively isolated by the thick algal overgrowth from dissolved
oxygen that may be near the water surface.
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salamander eggs and green algae: Microelectrode measurements inside eggs demonstrate
effects of photosynthesis on oxygen concentrations. Canadian Journal of Zoology 64: 1586-1588.

7. Sheath, R.G., ].M. Burkholder, ].A. Hambrook, A. Hogeland, E. Hoy, M.E. Kane, M.O. Morison, A.D.
Steinman, and K.L. Van Alstyne (1986) Characteristics of softwater streams in Rhode Island. III.
Distribution of macrophytic vegetation in a small drainage basin. Hydrobiologia 140: 183-191.

6. Sheath, R.G., ].M. Burkholder, M.O. Morison, A.D. Steinman, and K.L. Van Alstyne (1986) Effect of
tree canopy removal by gypsy moth larvae on the macroalgae of a Rhode Island headwater
stream. Journal of Phycology 22: 567-570.

5. Sheath, R.G. and J.M. Burkholder (1985) Characteristics of softwater streams in Rhode Island. II.
Composition and seasonal dynamics of macroalgal communities. Hydrobiologia 128: 109-118.

4. Burkholder, J.M. and R.G. Sheath (1985) Characteristics of softwater streams in Rhode Island,
U.S.A. I. A comparative analysis of physical and chemical features. Hydrobiologia 128: 97-108.

3. Burkholder, ].M. and R.G. Sheath (1984) The seasonal distribution, abundance and diversity of
desmids (Chlorophyta) in a softwater, north temperate stream. Journal of Phycology 20: 159-172.

2. Sheath, R.G. and ].M. Burkholder (1983) Morphometry of Batrachospermum populations inter-
mediate between B. boryanum and B. ectocarpum (Rhodophyta). Journal of Phycology 19: 324-
331.

1. Burkholder, ].M. and R.W. Bachmann (1979) Potential phytoplankton productivity in three lowa
streams. Proceedings of the lowa Academy of Sciences 86: 22-25.
Technical Reports (examples)

Burkholder, ].M., E.H. Allen, S. Flood, and C.A. Kinder (2018) National Resource Condition Assessment -
Moores Creek National Battlefield, North Carolina. Natural Resource Report NPS/SECN/NRTR—
2018/xxx. National Park Service, Fort Collins, CO, 202 pp.

Burkholder, ].M., E.H. Allen, S. Flood, and C.A. Kinder (2018) National Resource Condition Assessment -
Congaree National Park, South Carolina. Natural Resource Report NPS/SECN/NRTR—2018/xxx.
National Park Service, Fort Collins, CO, 324 pp.
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Burkholder, ].M., E.H. Allen, S. Flood, and C.A. Kinder (2017) Natural Resource Condition Assessment -
Ocmulgee National Monument, Georgia. Natural Resource Report NPS/SECN/NRTR—2017/1521.
National Park Service, Fort Collins, CO, 179 pp.

Burkholder, ].M., E.H. Allen, S. Flood, and C.A. Kinder (2017) National Resource Condition Assessment -
Cape Lookout National Seashore, North Carolina. Natural Resource Report NPS/SECN/NRTR—
2017 /xxx. National Park Service, Fort Collins, CO, 248 pp.

Burkholder, ].M., E.H. Allen, S. Flood, and C.A. Kinder (2015) Natural Resource Condition Assessment -
Horseshoe Bend National Military Park. Natural Resource Report NPS/SECN/NRTR—2015/981.
National Park Service, Fort Collins, CO, 270 pp.

United States Department of Environmental Protection (U.S. EPA) (2011) Efficacy of Ballast Water
Treatment Systems: A Report by the EPA Science Advisory Board (SAB). U.S. EPA SAB Ecological
Processes and Effects Committee Augmented for the Ballast Water Advisory. Report #EPA-SAB-
11-009. U.S. EPA, Washington, DC, ~150 pp. [ was an Augmented Panel Member and a coauthor
of this report.

Burkholder, ].M. and M.B. Rothenberger (2010) Assessment of Water Resources and Watershed
Conditions in Horseshoe Bend National Military Park, Alabama. Natural Resource Report
NPS/SECN.NRR-2010/268. National Park Service, Fort Collins, CO, 51 pp.

Burkholder, .M., E.H. Allen, and C.A. Kinder (2010) Assessment of Water Resources and Watershed
Conditions in Ocmulgee National Monument, Georgia. Natural Resource Report NPS/SECN/NRR—
2010/276. National Park Service, Fort Collins, CO, 81 pp.

Burkholder, ].M. (2010) Assessment of Water Resources and Watershed Conditions in the Kennesaw
Mountain National Battlefield Park, Georgia. Report to the Southeast Coast Inventory and
Monitoring Network of the National Park Service, Southeast Regional Office, Atlanta, GA, 71 pp.

Burkholder, ].M., E.H. Allen, C.A. Kinder, and E. Morris (2010) Assessment of Water Resources and
Watershed Conditions in the Chattahoochee River National Recreation Area, Georgia. Draft Natural
Resource Report NPS/SECN.NRR-2010/274. National Park Service, Fort Collins, CO, 202 pp.

Touchette, B.W., ].M. Burkholder, and H.B. Glasgow (2001) Distribution of American Water Willow
(Justicia americana L.) in the Narrows Reservoir. Final Report to Alcoa Power Generating Inc.,
Badin, NC, 51 pp.

Burkholder, ].M., H.B. Glasgow, and N. Deamer-Melia (1998) Neuse Estuary Biomonitoring Study -
Physical, Chemical, and Biological Characteristics of Water Samples Collected from the Neuse
Estuary in the Vicinity of Cherry Point, North Carolina, May 1993 - April 1998. Final Report of a
five-year study, to the U.S. Marine Air Station, Cherry Point, NC. Aquatic Botany Laboratory,
NCSU, Raleigh, 110 pp.

Burkholder, ].M. and J.E. Parsons (1993) Sediment and Phosphorus Loading: Predicting Water Quality
in Urban Piedmont Reservoirs. Report No. 274. UNC Water Resources Research Institute, Raleigh,
NC, 194 pp.

Patent

U.S. Patent #7,040,157. “Variable depth automated dynamic water profiler”, Reed, Glasgow,
Burkholder, Toms, May 2006 (NCSU; patent sold to YSI, Inc.).
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Professional Activities (examples)

Co-Editor of Book: (2018) Harmful Algal Blooms and Their Management: A Compendium Desk
Reference, by S.E. Shumway, ].M. Burkholder, and S.L. Morton SL (eds.). Elsevier, New York.

Editorial

Guest Co-Editor, special issue, Water (Harmful Algae and Eutrophication, 2023-2024)
Guest Co-Editor, special issue, Harmful Algae (Intraspecific Variation, 2009)

Guest Co-Editor, special issue, Harmful Algae (Harmful Algae and Eutrophication), 2007
Guest Co-Editor, special issue, Harmful Algae (Ecology of Pfiesteria), 2006

Editorial Board, Journal of Experimental Marine Biology and Ecology, 2000 -2016
Editorial Board, Harmful Algae, 2002-2020

Editorial Board, Journal of Eukaryotic Microbiology, 1996-1999

Editorial Board, Journal of Phycology, 1995-1997

Other Society Service

- Member, Organizing Committee, International Symposium on Harmful Algae, 2009-2010

- Member, Organizing Committee, National Symposium on Harmful Algae, 2000, 2002, 2003

- Member, Ethics Committee, American Society of Limnology and Oceanography, 1996-1997

- Member, Harmful Algae Technical Advisory Committee, Maryland Department of Natural Resources,
1998-2001

- Session Chair, Ecology of Aquatic Protozoa session, XIth Meeting, International Congress of
Protozoology, 2001

- Session Chair, New Harmful Algae, 10th International Conference on Harmful Algal Blooms, 2000

- Session Chair, Pfiesteria in the Southeast, 1st National Symposium on Harmful Algae, 2000

- Session Chair, Harmful Algae, 15t Biennial International Conference of the Estuarine Research
Federation, 1999

- Session Co-Chair, Harmful Algal Blooms, Annual Summer Meeting, American Society of Limnology
and Oceanography, 1998

- Session Co-Chair, Harmful Algal Blooms, Joint Meeting - American Society of Limnology and
Oceanography and American Geophysical Union, 1997

- Chair, Hutchinson Award Committee, American Society of Limnology and Oceanography, 1996

- Board of Directors, American Society of Limnology and Oceanography, 1994-1997

- Session Chair, Ecology of Freshwater Algae, Joint Meeting - International Phycological Congress and
Phycological Society of America, 1991

- Session Chair, Phytoplankton, Annual Meeting, American Society of Limnology and Oceanography,
1988

External Panels and Reviews (examples)

- Member, panel review of the annual South Florida Environmental Report for the South Florida
Water Management District, 2006-2011 (Formally critiqued the report (selected chapters, ~1200
pages) emphasizing water quality sampling/compliance and water quality programs/restoration
in the Kissimmee River basin, Lake Okeechobee, the Everglades, and eight estuarine ecosystems;
and the District’s environmental education outreach programs

- Examiner (“Opponent”) of doctoral candidate Johannes Hagstrém, Kalmar University, 2006

- Member, review team for the Department of Botany, Miami University of Ohio, 2005
(1 of 2 reviewers of the academic and research programs of the Dept. of Botany; our review
resulted in new positions, a strengthened Bioinformatics Facility, and other significant support for
the department)
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- Member, review team for Marine Sciences Programs, Institut fiir Meereskunde, Salzau, Germany,
1998
- National Science Foundation, Biological Oceanography Panel, 1995

- UNC Water Resources Research Institute Panel, 1991-1993

- Member, review team, Lake Okeechobee Ecosystem Project, South Florida Water Management
District, 1991

Workshops (Invited Participant)

- Sustainable Phosphorus Summit - invited speaker in a panel on eutrophication and harmful algae
as part of a Phosphorus Forum, Phosphorus Week 2022

- Ecology and Identification of Harmful Freshwater Algae -invited speaker at a NCSU - Extension
conference on Aquatic Plant Biology, Dept. of Soil Science, Raleigh, NC, 2018, 2019, 2020 (virtual),
2021 (virtual), 2022 (virtual)

- Aquatic Plant Biology, Ecology and Identification - invited speaker at a NCSU - Extension
conference, Raleigh, NC, 2018

- The Importance of Algal Mixotrophy in Trophic Models of the Oceans - invited speaker at an
international workshop sponsored by the Leverhume Foundation, University of Maryland - Horn
Point, Cambridge, MD, 2013

- Taxonomy and Ecology of Algae in the Southeast - co-organizer of a workshop for members of the
North Carolina Lake Management Society (NALMS - Southeast Chapter), sponsored by NALMS,
2009, 2010, 2011, 2012

- Algae Affecting Potable Water Supplies - AWWA, Savannah, GA, 2010

- Identifying Harmful Cyanobacteria in North Carolina Potable Water Supplies - Organizer; two
workshops for potable water treatment plant operators, sponsored by the NC Department of Health
and Human Services, 2006

- Occurrence of Toxigenic Cyanobacteria in the U.S., International Symposium on Harmful Cyanobac-
terial Blooms, U.S. Environmental Protection Agency (EPA), 2005

- National Plan for Harmful Algal Research, Ecological Society of America and the National Oceanic
and Atmospheric Administration (NOAA), 2004

- Social and Environmental Impacts of Concentrated Animal Feed Operations, The University of [owa
and the National Institute of Environmental Health Sciences (NIEHS), 2004

- Conflicted Science/Integrity in Science Conference and Workshop, Center for Science in the Public
Interest, Washington, DC, 2003

- Estuarine Fish Disease, Delaware Department of Natural Resources & Environmental Control, 2000
Harmful Algae Technical Advisory Committee Workshop, Maryland Department of Natural
Resources (MD DNR) and Maryland Department of Environment (MD DE), 2000, 2001, 2002

- Re-evaluation of Microbial Water Quality: Powerful New Tools for Detection and Risk Assessment,
American Academy of Microbiology, 2000

- Conservation Medicine Workshop, Center for Conservation Medicine of Tufts University, 1999
Harmful Algal Blooms: Research and Monitoring Programs, US EPA - Region 1V, 1998
Pfiesteria Workshops - Sampling and Identification (organizer), NCSU, 1998
Pfiesteria Sampling and Identification Protocols, Centers for Disease Control & Prevention, 1998

- European Harmful Algal Blooms (EUROHAB) Science Initiative, Marine Science and Technology
Programme of the European Commission, 1998

- Pfiesteria and Water Quality Monitoring Standards Workshop, NOAA, 1998

- Pfiesteria and Human Health Workshop, Maryland Department of Health and Mental Hygiene and
the Maryland Medical Team, University of Maryland and Johns Hopkins, 1998

- State/Federal Pfiesteria Working Group - Monitoring Protocols, U.S. EPA and NOAA, 1998
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- Maryland Technical Advisory Committee Workshop on Pfiesteria, Fish Kills and Water Quality
Monitoring, MD DNR, Baltimore, MD, 1998

- Pfiesteria Workshop, 14th Biennial International Conference of the Estuarine Research Federation,
Providence, RI, 1997

- The Cambridge Pfiesteria/Nutrients Workshop, convened by Governor Glendening of Maryland,
1997. The final report, The Cambridge Consensus, was used by the governor and the Maryland
legislature to change policy about non-point water pollution control in tributaries to Chesapeake
Bay and led to passage of the Maryland Water Quality Act of 1998.

- Impacts of Toxic Pfiesteria/Pfiesteria-like Dinoflagellates on Fisheries and Human Health, U.S. EPA
(Philadelphia, PA; Washington, DC; Pensacola, FL), 1997; Delaware Department of Environment
and Water Resources, 1997

- Harmful Algal Blooms and Human Health, NIEHS, 1997

- Pocomoke River Fish Disease, MD DNR, 1997

- Climate Variability and Human Health, American Society of Microbiology, 1997

- Developing an Environmental Education Video on Water Resource Issues in North Carolina,

Z. Smith Reynolds Foundation, 1997

- Control of Blue-Green Algae in Rainbow Springs, Florida, Department of Fisheries and Aquaculture,
University of Florida, 1996

- Sustainable Marine Fisheries, National Academy of Sciences Ocean Studies Board, 1996

- Disease Events and Meteorology along the U.S. Atlantic Coast, Harvard Medical School, 1995

- National Nutrient Assessment Workshop - Estuaries, U.S. EPA, Washington, DC, 1995

- Harmful Algal Blooms - Research Initiative Development, NSF / NOAA, 1994

- Seagrasses and Eutrophication Impacts, U.S. EPA / Sarasota Bay National Estuary Program, 1993

- Techniques in Sampling and Identification of Pfiesteria - NOAA, 1992; Florida Department of
Environmental Protection - Florida Marine Research Institute, 1992; MD DNR, 1993; MD DE, 1993;
Delaware Division of Water Quality, 1993

- Target Issues: Development of RFP guidelines for a New NOAA Coastal Ocean Program Initiative on
Harmful Algal Blooms, NOAA, 1992

- Phytoplankton of the Southeastern United States, North Carolina Department of Environment,
Health and Natural Resources (NC DEHNR) and Duke Power Company, 1992

- Target Issues for Funding Support of Research on Toxic Phytoplankton, NOAA, 1992

- Improved Data Base and Optimal Approaches for Modeling Water Quality in the Albemarle-Pamlico
Estuarine System, U.S. EPA and NC DEHNR, 1992

- Water Quality Regulations for Protection of Seagrass Habitat on the Gulf Coast, U.S. EPA, 1992

- Improved Standards for Protecting Water Quality in the Albemarle-Pamlico Estuarine System, U.S.
EPA, 1991

- Teaching Aquatic Botany to High School Students (organizer), NCSU, 1987, 1988

- Light Microscope-Autoradiography of Microalgae (organizer), Bowling Green State University,
Bowling Green, OH, 1987

Research Presentations

Water Quality (Eutrophication, Seagrasses, etc.)

2023

Burkholder. Phosphorus (and Nitrogen) Pollution of U.S. Surface Waters—Background and Status.
Sustainable Phosphorus Webinar Series - Sustainable Phosphorus Alliance (invited, Zoom
conference, with published abstract).
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2022
Burkholder. Controlling Freshwater Harmful Algal Blooms—the “Elephant in the Room”. 62nd Annual
Meeting of the Aquatic Plant Management Society, Greenville, SC (keynote, with published abstract).
Burkholder. Going the Wrong Way on Cultural Eutrophication. Odum Lecture, University of Georgia,
Athens, GA (invited, for academia and the general public).

2021

Lindor and Burkholder. Warm “Winter” Temperatures Promote Cyanobacteria Production Across
Enriched Reservoir Nutrient Regimes. Society of Freshwater Science (virtual, with published
abstract).

2020

Lindor and Burkholder. Nutrient Profiles, Phytoplankton Biomass, and Algal Assemblages in Falls
Lake, North Carolina. North Carolina Water Resources Research Institute (virtual, with published
abstract).

2019

Buczek SB, Cope WG, Shehdan M, Bishop WM, Richardson R}, Burkholder JM, Kwak TJ, Jessup ], Black
TR. In situ Evaluation of Freshwater Mussel Sensitivity to Prescribed Algaecide Applications in a
North Carolina Piedmont Reservoir. North Carolina Chapter of the American Fisheries Society,
Morganton, NC (with published abstract).

Glibert et al. Pluses and minuses of ammonium and nitrate uptake and assimilation by
phytoplankton and implications for productivity and community composition, with emphasis on
nitrogen-enriched conditions. ASLO, San Juan, Puerto Rico (invited, with published abstract).

Lindor NL, Burkholder JM. Nutrient profiles, phytoplankton biomass, and algal assemblages in Falls
Lake, North Carolina. UNC Water Resources Research Institute, Raleigh (with published abstract).

2018

Burkholder JM, Kinder CA, Reed RE, James ], Mackenzie L, Allen EH. Changing Water Quality in Falls
Lake, the Triangle’s Major Potable Source Water. UNC Water Resources Research Institute,
Raleigh, NC (with published abstract).

Lindor N, Burkholder JM. Eutrophication, nutrient stoichiometry, and phytoplankton blooms in a
southeastern U.S. reservoir. Fall meeting of the North Carolina chapter of NALMS, Raleigh (with
published abstract).

2016

NC Water Resources Research Institute, Raleigh, NC (Inventory and Assessment of the Present Status
of Water Resources at Cape Hatteras and Cape Lookout National Seashores - Burkholder, Allen,
Flood, and Kinder). Annual conference of the NC Water Resources Research Institute, Raleigh, NC.

2015

Decadal Analysis of Water Quality in Falls Lake, the Triangle’s Major Potable Water Source
(Burkholder et al., presentation and published abstract). Annual conference, NC Water Resources
Research Institute, Raleigh, NC.

2014

Long-Term Data Show Continued Water Quality Degradation in the Neuse Estuary, and Inadequate
Protection by the Total Nitrogen TMDL (Burkholder et al., presentation and published abstract).
Annual conference, NC Water Resources Research Institute, Raleigh, NC.

Why Bother? - Who Needs Models for Mixotrophs in Coastal Ecosystems? (invited presentation,

Burkholder) Leverhulme Trust Phytoplankton Mixotrophy Workshop, Swansea, United Kingdom.

Unprecedented Toxin-Producing Cyanobacterial Blooms in the Cape Fear River (Mallin et al.,

presentation and published abstract), Summer Meeting, Sciences of Limnology and Oceanography,

San Diego, CA.
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2013

Outside Peer Review of the Marine Programs of the UNC System for the UNC Board of Governors,
Morehead City, NC - The NCSU CAAE was later given an excellent evaluation by the Panel in its
final report.

Coastal and Estuarine Research Federation, San Diego, CA - Onset of unprecedented toxin-producing
cyanobacteria blooms in the Cape Fear River system, North Carolina - Mallin MA., Burkholder M,
Mclver MR, Metheny ]D, Strangman WK, Zimba PV, Wright JL. (presentation, with published
abstract).

Coastal and Estuarine Research Federation, San Diego, CA - Comparative ecotoxicology of an
agricultural herbicide on benign and toxigenic estuarine phytoplankton - Flood S, Burkholder ],
Cope G (poster with published abstract).

2012

NC Water Resources Research Institute, Raleigh, NC - The NCSU Center for Applied Aquatic Ecology
Falls Lake Monitoring and Research Program - Burkholder ], Reed R, Kinder C, Allen E, James ],
Mackenzie L (poster with published abstract)

Falls Lake Creation Care Symposium, Wake Forest, NC - Status of Water Quality in Falls Lake - J.
Burkholder. The goal of this national symposium was for scientists to inform theologians about
citizens’ potential roles, including church congregations, in assisting with natural resource
stewardship issues (keynote presentation, with published abstract)

2011

NC Water Resources Research Institute, Raleigh, NC (excessive ammonium concentrations
throughout the Falls Lake water column, and implications for the Falls Lake Rules; with published
abstract)

American Water Works Association National Webinar, online technology used to monitor algae and
associated environmental conditions (invited, with published abstract)

LOICZ Open Science Conference 2011 - Coastal Systems, Global Change and Sustainability, Yantai,
China (Shumway SE, Burkholder JM: mitigating coastal eutrophication - are filter-feeding shellfish
the answer?) (plenary, with published abstract)

2010
NC Water Resources Research Institute, Raleigh, NC (status of water quality in the most important
potable water supply in North Carolina; with published abstract)

2009

National Shellfisheries Association, Savannah, GA (bivalve shellfish aquaculture and eutrophication;
with published abstract)

North Carolina Academy of Science, Warren Wilson College, Swannanoa, NC (documenting microbial
changes in reservoirs using metagenomics - coauthor; with published abstract)

Department of Civil and Environmental Engineering, Northwestern University, Chicago, IL (decadal
analysis of land use, water quality, and phytoplankton assemblages in a coastal watershed)

20t Biennial Conference of the Coastal and Estuarine Research Federation (increasing ammonium in
eutrophic estuaries, and its potential importance in governing phytoplankton assemblages; with
published abstract)

2008

Department of Occupational and Environmental Health, U IA (water quality and algal blooms in
watersheds influenced by industrialized agriculture)

NOAA National Symposium on Shellfish and the Environment, Warwick, RI (chronic effects of
eutrophication on shellfish)
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American Society of Limnology and Oceanography, St. Johns, Newfoundland, Canada (microdynamics
of physical/chemical structure in a lagoonal estuary - lead, R. Reed; with published abstract)

North Carolina Water Quality Monitoring Forum, Charlotte (recent advances in technology for
tracking algal blooms and related environmental conditions; with published abstract)

2007

Horn Point Environmental Laboratory, U MD (chronic eutrophication of the Neuse Estuary)

NC Water Resources Research Institute, Raleigh (CAAE’s Falls Lake Monitoring and Research
Program; with published abstract)

NC Water Resources Research Institute, Raleigh (groundwater and benthic nitrogen flux in the Neuse
Estuary - lead, K. Null; poster with published abstract)

NC Water Resources Research Institute, Raleigh (long-term impacts of changing land use practices on
water quality and phytoplankton assemblages in the Neuse River ecosystem - lead, M.
Rothenberger; poster with published abstract)

Annual Conference of the North Carolina Academy of Science, Greenville (inorganic nitrogen flux
across the sediment-water interface in the Neuse Estuary - lead, K. Null; poster with published
abstract).

Conference, Water Initiatives: What’s on the Horizon for Lake Users and Managers, Greensboro.

19t Biennial Conference of the Estuarine Research Federation, Norfolk, VA (temporal and spatial
variability in high-resolution, cross-estuarine physical/chemical structure in the Neuse Estuary -
lead, R. Reed; poster with published abstract).

19t Biennial Conference of the Estuarine Research Federation, Norfolk, VA (multivariate analysis of
phytoplankton and environmental factors in a eutrophic estuary - lead, M. Rothenberger; poster
with published abstract).

2006
Department of Biology, Cornell University (water quality trends in the Neuse Estuary)
Department of Marine Sciences, U CONN (water quality trends in the Neuse Estuary)

2005
Department of Biology, UNC Greensboro (water quality trends in the Neuse Estuary)
Wilkes Community College, Wilkesboro, NC (honors seminar series - water quality issues)

2003
Center for Science in the Public Interest: Conflicted Science Conference, Washington, DC (water
quality and confined animal feed operations [CAFOs]; with published abstract)
Yale University - Conference, The Chicken (environmental impacts of CAFOs; with published
abstract)

2002
Medical School, Harvard University (marine diseases, anthropogenic influences)
Wilkes Community College, Wilkesboro (honors seminar series - water quality issues)

2001

Washington College (Chesterton, MD; environmental impacts of CAFOs)

Veterinary, Wildlife and Ecological Toxicology Department, Veterinary Biosciences College of
Veterinary Medicine, U IL (national water quality issues)

School of Design, NCSU (environmental effects of CAFOs)

Wilkes Community College (honors seminar series - water quality issues)

American Society of Agronomy and the Soil Science Society of America (Northeast Branch) - annual
meeting, URI (environmental effects of CAFOs; with published abstract)
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2000
American Fisheries Society - annual meeting, St. Louis, MO (environmental effects of CAFOs; with
published abstract).

American Society of Agronomy, Crop Science Society of America, and Soil Science Society of
America - joint meeting, Minneapolis, MN (nutrient management on CAFOs, and effects on
surface water resources; with published abstract)

Association of Southeastern Biologists, Chattanooga, TN: Plenary Speaker (national water quality
issues; with published abstract)

Rock Valley College - Natural Resources and Community Action Series, Rockford, IL: Plenary Speaker
(national water quality issues)

U MASS, Amherst - Environmental Policy Seminar Series (invited; national water quality issues)

Yale University, School of Forestry (national and state water quality issues)

Department of Zoology, U WA - Seattle (national water quality issues)

American Fisheries Society (NC chapter), New Hill, NC (impacts of Hurricane Floyd on water quality

in the Neuse River and Estuary, and Pamlico Sound; with published abstract)

1999

US Department of Agriculture - National Resources Conservation Service, Washington, DC (state
water quality issues)

Simon Fraser University - Oceans Limited Conference, Vancouver, British Columbia, Canada
(chronic effects of eutrophication; with published abstract)

Department of Biology, University of Louisville, Louisville, KY (chronic effects of eutrophication)

1998
Society of Environmental Toxicology and Chemistry - annual meeting, Charlotte, NC: Keynote
Speaker (effects of chronic eutrophication; with published abstract)

1997

Conference, Nutrients in the Neuse River: Working Toward Solutions (sponsor, UNC Water
Resources Research Institute [WRRI]), NCSU (effects of chronic eutrophication; with published
abstract)

1996

National Association of Biology Teachers - annual meeting, Charlotte, NC (effects of chronic
eutrophication; with published abstract)

Texas A&M University, Corpus Christi (effects of pulsed nutrient enrichment on seagrass physiology)

Department of Zoology, Oregon State University (OSU), Corvallis (seagrasses and eutrophication)

1995

Statewide Nutrient Summit (sponsors, NC Sea Grant, NC DEHNR), NCSU (effects of chronic
eutrophication; with published abstract)

Water Quality Research and Extension Overview, College of Agriculture and Life Sciences (CALS),
NCSU (surface water quality research in CALS; with published abstract)

1994
NC Academy of Sciences - annual meeting, Manteo - Keynote Speaker (state water quality issues; with
published abstract)

1993
NC WRRI Seminar Series, Keynote Accomplishments in Research on Water Resources in NC, Raleigh
(seagrasses and water-column nitrate enrichment; with published abstract)

26



Horn Point Environmental Laboratory, U MD (seagrasses and water-column nitrate enrichment)

1992

NC WRRI Seminar Series, Keynote Accomplishments in Research on Water Resources in NC
(sediment and phosphorus loading: predicting reservoir water quality; with published abstract)

American Society of Limnology and Oceanography - annual meeting, Edmonton, Alberta, Canada
(seagrasses and eutrophication; with published abstract)

1990
Department of Zoology, U WI - Madison (algal phototrophy vs. heterotrophy in turbid reservoirs)

1987
Department of Biology, Bowling Green State University, Bowling Green, OH (biological interactions
that structure stream plant communities)

1986 (nutrient interactions - macrophytes, epiphytes)

Department of Botany, NCSU

Department of Biology, Fordham University, Bronx, NY

Savannah River Ecology Laboratory, Aiken, SC

University of Michigan Biological Station, University of Michigan, Pellston, MI

1985

Department of Biology, West Virginia University, Morgantown, WV - importance of benthic
microalgae in stream ecosystems

Massachusetts Audubon Society, Lincoln, MA - effects of acid deposition on aquatic ecosystems

Harmful Algal Research

2019

Glibert PM, Wilkerson FP, Dugdale RC, Raven JA, Dupont CL, Leavitt PR, Parker AE, Burkholder JM,
Kana TM. Pluses and minuses of ammonium and nitrate uptake and assimilation by
phytoplankton and implications for productivity and community composition, with emphasis on
nitrogen-enriched conditions. ASLO - Puerto Rico (with published abstract).

2018

Buczek SB, Cope WG, Shehdan M, Bishop WM, Richardson R], Rice JA, Burkholder JM, Kwak T]J.
Evaluation of Freshwater Mussel Sensitivity to Algaecides Used in Attempts to Control Giant
Lyngbya. North Carolina Chapter of the American Fisheries Society, Morganton, NC (with
published abstract).

Burkholder JM, Allen EH. Potable Source-Water Reservoirs in the Southeast: Forecast for
Cyanobacteria Blooms. Southeast Chapter of the North American Lake Management Society,
Asheville, NC (with published abstract).

2017

Droughts, Internal and External Nutrient Supplies, and Toxic Cyanobacteria Outbreaks in Potable
Source Waters of the Southeast (Burkholder and Allen, presentation and published abstract).
Society for Freshwater Science, Raleigh, NC.

Ecotoxicology of Herbicide Exposure on Harmful Estuarine Phytoplankton under Varying Nutrient
Conditions (Flood, Burkholder and Cope, poster presentation and published abstract. Microbial
Toxicology conference, New York.
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2013
Leverhume Foundation International Workshop, U MD - Horn Point, Cambridge, MD (algal
mixotrophy and water-column nutrients)

2010

North American Lake Management Society (NALMS), Winston-Salem, NC (climate change and
harmful algal blooms in the Southeast; with published abstract)

Webinar Lecture Series, Northwestern University, given at the University of British Columbia,
Vancouver, BC, Canada (overview on harmful algae)

2008

Burdick Lecture, Department of Biology, Alfred University, Alfred, NY (Pfiesteria, other harmful
dinoflagellates - toxicity, impacts)

Annual Toxicology and Risk Assessment Conference, Cincinnati, OH (the toxins of inland algae; with
published abstract)

2007

Joint meeting of the Phycological Society of America and the International Society of Protozoologists
(cyanobacteria in eutrophic turbid impoundments of the North Carolina Piedmont - lead, .
Burkholder; poster with published abstract)

Joint meeting of the Phycological Society of America and the International Society of Protozoologists
(axenic cultivation of a heterotrophic dinoflagellate - lead, H. Skelton; with published abstract)

4t National Symposium on Harmful Algae, Woods Hole, MA (axenic cultivation of Pfiesteria
shumwayae on a semi-defined medium; poster with published abstract)

2006

Kalmar University, Kalmar, Sweden (Pfiesteria, other harmful dinoflagellates - toxicity, impacts)

American Society of Limnology and Oceanography - annual summer meeting: Plenary Speaker,
Victoria, British Columbia, Canada (stimulation of harmful algae by eutrophication; with published
abstract)

2005

North American Lake Management Society (NALMS) - National Meeting, U WI - Madison - Keynote
Speaker (cyanobacteria in potable water supplies - with published abstract)

GEOHAB (Global Ecology and Oceanography of Harmful Algal Blooms) Symposium, Nutritional Ecology
of Harmful Algae, Baltimore, MD (importance of intraspecific variation - with published abstract)

Medical School, Harvard University (harmful algae and seafood safety)

NALMS Southeast Chapter Meeting, Asheville, NC (cyanobacteria in potable water supplies - with
published abstract)

American Water Works Association - Source Water Protection Symposium, West Palm Beach, FL
(cyanobacteria in potable water supplies - with published abstract)

2004

XIth [nternational Conference on Harmful Algae, Cape Town, South Africa: Plenary Speaker
(intraspecific variation in toxicity, behavior and nutrition; with published abstract)

St. Johns Water Management District, Orlando, FL (effects of harmful algae on fish and mammalian
health)

International EnviroVet Program, Harbor Branch Oceanographic Institute, Fort Pierce, FL (marine
diseases)

Department of Oceanography, U WA - Seattle (science, policy)

Shannon Point Marine Laboratory, Western Washington University (science, policy)
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NSF Undergraduate Education Honors Program, NCSU (science, policy)

2003

Elon University - Voices of Discovery Seminar Series: Keynote Speaker (Pfiesteria)

International EnviroVet Program, Harbor Branch Oceanographic Institute (toxic dinoflagellates)

Florida Institute of Technology (toxic dinoflagellates)

Conference on Emerging Waterborne Pathogens, NC Department of Health and Human Services (DHHS),
Wilmington, NC: Two presentations - toxic dinoflagellates; toxic cyanobacteria)

2002

Hopkins Marine Laboratory, Stanford University, Monterey, CA (Pfiesteria, other toxic dinoflagellates
- science, policy, science ethics)

National Ocean Service, NOAA, Charleston, SC (progress in Pfiesteria research)

Symposium, Climate Change and Fisheries in the Gulf of Maine (sponsor, NOAA), College of the Atlantic,
Bar Harbor, ME (harmful algae and climate change)

Department of Biology, UNH, Durham (toxic dinoflagellates).

Department of Biology, Williams College, Williamston, MA (toxic dinoflagellates)

Department of Biology, Miami University of Ohio, Athens (toxic dinoflagellates)

2001

XIth [nternational Congress of Protozoology, Salzburg, Austria (dinoflagellates - complex life histories and
feeding behaviors; with published abstract)

George Clark Lecture Series, Wetlands Institute, Cape May, N] (Pfiesteria, other dinoflagellates)

Society for Risk Analysis, Research Triangle Park (biomarkers for species and toxins)

Environmental Lecture Series, Ashland University, Ashland, OH (harmful algae and eutrophication)

Marine Conservation Biology Series, Wheaton College, Springfield, MA (chronic effects of harmful
algae on fish and mammalian health)

2000

[Xth International Conference on Harmful Algal Blooms, Hobart, Tasmania, Australia: Plenary
Speaker (toxic Pfiesteria; with published abstract)

Elliott-Nowell-White Symposium, Delta State University, Delta State, MS: Keynote Speaker (chronic and
sublethal impacts of harmful algae on mammalian health)

Society of Toxicology of Canada - annual meeting, Montreal, Quebec, Canada (toxic dinoflagellates;
with published abstract)

Department of Biology, State University of NY - Syracuse (toxic dinoflagellates)

Brookhaven National Laboratory, Brookhaven, NY (toxic dinoflagellates)

State University of New York - Stony Brook (toxic dinoflagellates)

Xl World Congress of the International Society of Toxinology, Paris, France (toxic Pfiesteria)

Centers for Disease Control & Prevention, Atlanta - conference, Pfiesteria: From Biology to Public Health
(ecology and conservative analysis of role in fish kills; with published abstract)

National Association of Biology Teachers - Biotechnology Conference. VPI, Blacksburg (harmful algal
research)

University of Mississippi, Oxford - Conference, Sustainability of Wetlands and Water Resources (toxic
dinoflagellates)

Department of Biology, University of Memphis (toxic dinoflagellates)

Society of Microbiology - Northeast Chapter, Sturbridge, MA (toxic dinoflagellates)

Society of Toxicology - annual meeting (sponsor, US EPA), Philadelphia (toxic dinoflagellates; with
published abstract)

Southeastern Estuarine Research Society - annual meeting in conjunction with the 29t Benthic Ecology
Meeting and the annual meeting of the Atlantic Estuarine Research Society, Wilmington, NC (toxic
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dinoflagellates; with published abstract)

1999

National Academy of Sciences - Workshop on Critical Research Needs, Washington, DC (research needs
to advance understanding about harmful algae)

Lake Biwa Research Institute, Forum on Water Quality, Kyoto, Japan: Keynote Speaker (Pfiesteria, other
toxic dinoflagellates)

Woods Hole Oceanographic Institute, Falmouth, MA (toxic dinoflagellates)

Veterinary School, Tufts University, Grifton, MA (toxic dinoflagellates)

Department of Biology, Yale University (improved mitigation of harmful algal blooms)

Georgetown Conference on Policy and Pfiesteria, Georgetown University, Washington, DC: Keynote
Speaker (science, policy of Pfiesteria; with published abstract)

American Association for the Advancement of Science (AAAS) - annual meeting, Anaheim, CA,
session, “Human Health Risks in the Ocean” (chronic and sublethal impacts; with published
abstract)

AAAS - annual meeting, Anaheim, CA, session “Harmful Algal Blooms” (toxic Pfiesteria; with
published abstract)

Department of Geology, University of Oslo (Oslo, Norway) (toxic Pfiesteria)

Society of Protozoologists - annual meeting, Raleigh: Keynote Speaker (toxic Pfiesteria; with
published abstract)

Department of Ecology Evolution and Behavior, U MN - Minneapolis (toxic dinoflagellates; with
published abstract)

Phi Beta Kappa Seminar Series, Elon University (toxic Pfiesteria)

Honors Seminar Series, Southampton College, Southampton, NY (toxic dinoflagellates)

Department of Biology, Barton College, Wilson (toxic dinoflagellates)

Department of Biology, Davidson College, Davidson (toxic dinoflagellates)

Wilkes Community College, Wilkesboro (toxic dinoflagellates)

Department of Biology, NC A&T University, Greensboro (toxic dinoflagellates)

Department of Pathology, UNC Chapel Hill (toxic dinoflagellates)

Department of Biology, UNC Greensboro (toxic dinoflagellates)

Department of Biology, University of Louisville (toxic dinoflagellates)

Sigma Xi - NC Chapter meeting, Appalachian State University, Boone, NC (toxic Pfiesteria)

1998

AAAS - annual meeting, Philadelphia, session, “Management of Harmful Marine Microbes: When
Science and Politics Don’t Mix” (harmful algae; with published abstract)

Medical School, Harvard University (harmful algae)

Shallow Water Conference (sponsor, US EPA), Atlantic City, NJ: Keynote Speaker (effects of toxic
Pfiesteria on fish and mammals; with published abstract)

Gordon Conference - annual meeting, Ventura, CA (acute/chronic effects of toxic dinoflagellates; with
published abstract)

Department of Biology, Rutgers University (chronic effects of toxic dinoflagellates)

Department of Biology, URI (toxic dinoflagellates)

Department of Pharmacology, U GA - Athens (toxic dinoflagellates)

American Biological Safety Association - 41st Annual Biological Safety Conference, Lake Buena Vista,
FL: Eagleston Lecture (Pfiesteria, other toxic dinoflagellates; with published abstract)

Wildlife Disease Association - 47t Annual Conference, U WI - Madison (toxic Pfiesteria; with
published abstract)

Department of Biology, Purdue University (toxic dinoflagellates)

American Institute of Biological Sciences - 49t annual meeting (toxic dinoflagellates; with published
abstract)
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Microbiology Society of NC - annual meeting, Research Triangle Park: Keynote Speaker (Pfiesteria,
other toxic dinoflagellates)

NC Water Resources Association - Conference on Water Pollution Issues in NC, Asheville: Keynote
Speaker (Pfiesteria, other toxic dinoflagellates; with published abstract)

Northeast Algal Symposium - annual meeting, Plymouth, MA - Keynote Speaker (toxic Pfiesteria; with
published abstract)

American Society of Limnology and Oceanography - joint summer meeting with the Ecological Society
of America, Symposium Session Honoring Minority Students: Keynote Speaker (Pfiesteria, other
harmful algae; with published abstract)

Stanford University, Institute of Ecosystem Ecology (toxic Pfiesteria)

NASA, Goddard Space Center, Baltimore, MD (Pfiesteria, other toxic dinoflagellates)

Keynote Seminar Series in Marine Sciences, Wilmington, DE (sponsors, U DE, DE Sea Grant):
Presentation (Pfiesteria)

Friends of the Library, NCSU (Pfiesteria, other toxic dinoflagellates)

Department of Biology, Auburn University (toxic dinoflagellates)

Department of Environmental Sciences, Drexel University, Philadelphia (toxic Pfiesteria)

Department of Biology, Hampden Sydney College, Hampden-Sydney, VA (toxic dinoflagellates)

Department of Biology, UNC Charlotte (Pfiesteria, other toxic dinoflagellates)

Headquarters, US EPA, Washington, DC (toxic Pfiesteria)

Distinguished Lecturer Series, Old Dominion University, Norfolk, VA (Pfiesteria)

1997

Society for Conservation Biology - annual meeting, Victoria, British Columbia, Canada (harmful algae and
eutrophication; with published abstract)

Department of Biology, University at Buffalo, Buffalo, NY (Pfiesteria, other toxic dinoflagellates)

Departments of Zoology and Oceanography, OSU (toxic algae)

3rd Annual Conference on Population-Level Effects of Marine and Estuarine Contamination, Charleston,
SC (science, policy; with published abstract)

Wagner College, Staten Island, NY (special college-wide seminar, toxic Pfiesteria)

Department of Biological Science, Florida State University, Tallahassee (toxic dinoflagellates)

Department of Botany, Duke University (Pfiesteria, other toxic dinoflagellates)

Conference on Fisheries, Habitat and Pollution (sponsors, SC Sea Grant, TerrAqua Environmental Science
and Policy Institute), Charleston, SC (chronic and sublethal effects of harmful algae; with published
abstract)

Institute of Ecosystem Studies, Millbrook, NY (chronic and sublethal effects)

American Fisheries Society, NC Chapter - annual meeting, Lake Wylie, SC (Pfiesteria; with published
abstract)

1996

AAAS - annual meeting, session Global Change and Emerging Infectious Diseases (effects of harmful algae
on fish and mammalian health; with published abstract)

NATO Workshop, Physiological Ecology of Harmful Marine Phytoplankton, Bermuda Biological Station
for Research (raptorial dinoflagellates; with published abstract)

Sigma Xi - UNC Greensboro and NCCU Chapters: Keynote Speaker (toxic Pfiesteria)

Department of Biology, Southampton College, Long Island University, Southampton, NY (toxic
dinoflagellates)

Department of Biology, University of Cincinnati, Cincinnati (toxic dinoflagellates)

NIEHS, Research Triangle Park (toxic Pfiesteria)

Whitney Laboratory, U FL - St. Augustine (toxic dinoflagellates)

Department of Biology, Wake Forest University, Winston-Salem (toxic dinoflagellates)
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Association of Women in Science, UNC Chapel Hill (Pfiesteria, other toxic dinoflagellates)
Texas A & M University, Corpus Christi, TX (Pfiesteria, other toxic dinoflagellates)

1995

Society of Protozoologists - annual meeting, U AL, Tuscaloosa, AL: Keynote Speaker (toxic Pfiesteria and
its microbial, macroinvertebrate and vertebrate prey; with published abstract)

5th Pan American Symposium on Animal, Plant and Microbial Toxins, Baltimore, MD (Pfiesteria; with
published abstract)

Department of Toxicology, NCSU (toxic dinoflagellates)

Department of Biology, U MD, Baltimore, MD (toxic Pfiesteria)

1994

First International Conference on Ecosystem Health and Medicine, Ottawa, Ontario, Canada (effects on
human health; with published abstract)

E-MAP Monitoring Program, US EPA, Research Triangle Park (emerging toxic algae - effects on fisheries
and public health)

Department of Biology, University of Richmond (emerging toxic algae)

Department of Environmental Health, Boston University (toxic dinoflagellates)

Department of Biology, SUNY - Stony Brook (toxic dinoflagellates)

International Society for Evolutionary Protistology - Biennial Meeting, Halifax, Nova Scotia, Canada:
Keynote Speaker (Pfiesteria and its prey; with published abstract)

Institute of Ecology, U GA - Athens (harmful heterotrophic dinoflagellates)

Department of Fisheries and Aquaculture, U FL - Gainesville (toxic dinoflagellates)

1993

Fifth International Conference on Modern and Fossil Dinoflagellates (Zeist, the Netherlands): Keynote
Speaker (toxic Pfiesteria; with published abstract)

Beta Beta Beta Biological Honors Society, Elon University: Keynote Speaker (effects of toxic Pfiesteria on
estuarine food webs)

Chesapeake Biological Laboratory, Solomons, MD (toxic dinoflagellates)

Southeastern Fisheries Society, Reidsville, NC (toxic dinoflagellates and fish health)

Dauphin Island Marine Laboratory, Dauphin Island, AL (toxic dinoflagellates)

Department of MEAS, NCSU (Pfiesteria)

1992

Vth International Symposium on Toxic Algae, Newport, RI (toxic Pfiesteria; with published abstract)

Southeast Regional Directors of the Sea Grant College Program - annual meeting: Keynote Speaker
(Pfiesteria)

Department of Zoology, NCSU (toxic Pfiesteria)

US Geological Survey, Raleigh (toxic Pfiesteria)

NC Statewide Phytoplankton Meeting, Duke Power Company (Huntersville, NC: Keynote Speaker)

Department of Biology, UNC Wilmington (Pfiesteria, other toxic dinoflagellates)

Department of Biology, Appalachian State University, Boone, NC (toxic dinoflagellates)

Department of Biology, UNC Greensboro (toxic dinoflagellates)

US EPA, Narragansett, Rl (Pfiesteria, other toxic dinoflagellates)

Department of Biology - Marine Sciences Group, UNC Chapel Hill (toxic dinoflagellates)

Bodega Marine Laboratory, U CA - Davis, Bodega Bay (toxic dinoflagellates)

Other Algae

2012
Phycological Society of America, Charleston, SC (Mixson, S. and ]. Burkholder - enhancing lipid
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production in the marine microalga Dunaliella through environmental stressors; with published
abstract)

2010
Webinar, Northwestern University special summer course for graduate students, given at the
University of British Columbia, Vancouver, BC (the ecology of periphyton)

2007

Society of International Limnologists (SIL) - 30th Congress of the International Association of
Theoretical and Applied Limnology, Montreal, Quebec, Canada (importance of benthic microalgae
across freshwater, estuarine and marine ecosystems; with published abstract)

1999
Society for General Microbiology - Symposium, Microbial Signaling and Communication, University of
Edinburgh, Edinburgh, Scotland (signaling in dinoflagellates; with published abstract)

1991

Department of Biology, VPI, Blacksburg, VA (phytoplankton survival of pulsed suspended sediment
loading)

1990

Center for Reservoir Research, Hancock Biological Station, Murray State University, Paducah, KY
(phytoplankton and periphyton dynamics in turbid, eutrophic reservoirs)

Department of Zoology, NCSU - Aquatic Ecology Seminar Series (mutualistic symbioses involving
algae)

Department of MEAS, NCSU (role of benthic microalgae in eutrophication of freshwater and coastal
marine habitats)

1989

Experimental Lakes Area (ELA), University of Manitoba, Winnepeg, Manitoba, Canada (relative
importance of the water column and macrophytes as nutrient sources for epiphytes)

Hampton University, Hampton, VA (biotechnology in aquatic ecology)

Department of Biology, University of Louisville, Louisville, KY (use of autoradiography to examine
nutrient dynamics of microalgal biofilms)

Duke Marine Laboratory, Beaufort (nutrients and epiphytes — unifying trends in freshwater and marine
ecosystems)

1988

Department of Biology, UNC Chapel Hill - Marine Macroalgae Seminar Series (epiphytes)

Department of Biology, East Carolina University (phosphorus sources for epiphytic microalgae)

Department of Botany, Duke University (nutrient sources for epiphytic microalgae)

Environmental Section, Carolina Power and Light Company, New Hill, NC (epiphytic microalgae - role in
nutrient cycling of lakes)

Science Ethics and Environmental Issues

2023,2024
Catawba College Ecology Program (importance of scientists’ integrity in environmental issues)

2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015
Park Scholars Program, NCSU (role of science ethics in environmental issues)
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N

00
Department of Epidemiology, UNC Chapel Hill, Forum “Funding, Academic Freedom, and Public
0

121

Responsibility” (industry and water quality)

N

0
Department of Biology, Cornell University (toxic algae)
Department of Civil Engineering, NCSU (water quality)
Department of Biology, UNC Asheville (water quality)

=~

2003

New York Metropolitan Association of College and University Biologists - 36t Annual Conference,
Wagner College, Staten Island: Keynote address (role of science ethics in natural resource issues)

NSF Environmental Education Program, NCSU (toxic algae, water quality)

1999

Department of Geology, University of Oslo, Oslo, Norway (toxic algae, water quality)

Park Foundation Lecture Series, College of Journalism, UNC Chapel Hill (critical role of journalists in
environmental science education and ethics)

1998
Metcalf Institute for Marine and Environmental Journalism - annual board meeting, URI: Keynote
Speaker (how environmental journalists can help to strengthen science ethics)

Academic Contributions

Courses Taught

» PB595W / AEC 495/592, Environmental Issues in Aquatic Ecology (3 credits, 1990 - present,
usually fall) - special topics/current events graduate course, updated each time.

= PB/MB 774 / AEC 495/592 The Biology, Ecology and Diversity of Algae (3 credits including
laboratories; 1987 - present, spring alternate years, updated each time; freshwater to marine,
microalgae and macroalgae).

= PB595W / AEC 495/592, Environmental Issues in Aquatic Ecology (3 credits, 1990 - present,
usually fall) - special topics/current events graduate course, updated each time.

= PB 595A, Aquatic Plant Ecology (4 credits; 1987 - 2015, fall usually alternate years; updated each
time).

= BO 595E, Ecology, Evolution and Diversity — (2003; course coordinator, Jon Stuckey); mini-course:
designed and taught one of eight modules on aquatic vascular plants as bioinvaders

= PB 824C, Plant Biology Colloquium (1 credit) - co-taught (spring 2002, 2004, 2006, 2009, 2011,
2013); graduate students receive training to give presentations, write grant proposals, and critique
grant proposals).

= HON 398, Honors Seminar on Aquatic Ecology (1 credit, spring 2008) - seminar/discussion course for
undergraduate honors students on aquatic natural resource issues in North Carolina.

= EMS 496/622/822 or TDE 490/610 - STEM Education Seminar Course, Environmental Issues in
Estuarine Ecology and Pedagogical Applications (1 credit, spring 2010), co-taught.

= AEC 495/592, The Biology, Ecology and Diversity of Algae (3 credits including laboratories; spring
2019, 2020).
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Major or Co-major Advisor of Graduate Students

Nicole Lindor, Ph.D. (Plant and Microbial Biology, 2021)

Thesis: Nutritional ecology of reservoir phytoplankton

Received a WRRI grant ($10,000, 2018)

Post-Graduate Position: Visiting assistant professor, Augustine College, Rock Island, IL (2022)

Stacie Flood, Ph.D. (Plant and Microbial Biology, 2017)
Thesis: Ecotoxicology of estuarine phytoplankton growth and toxicity in response to atrazine exposures.
Post-Graduate Position: Postdoctoral research associate, U.S. EPA, Research Triangle Park, NC (2017).

Stephanie Mixson, Ph.D. (Plant and Microbial Biology [department name change from Plant Biology] - 2013)

Thesis: Dunaliella spp. under environmental stress: Enhancing lipid production and optimizing harvest

Honor: Secured a grant to help support her dissertation research, from the Charles A. and Anne Morrow
Lindbergh Foundation (2010)

Post-Graduate Position: Analytical Development Specialist, Medicago USA, Research Triangle Park (2013)

Eva Ngulo, M.A. (Plant Biology, 2011)
Final paper: Influence of clay treatment on noxious planktonic cyanobacteria

Kimberly Null, Ph.D. (MEAS; co-advisor with Dr. Dave DeMaster), 2010

Thesis: Ammonium dynamics in a shallow lagoonal estuary

Honors: Secured two grants to help support her dissertation research, from the NC Academy of Science
(2006) and the Geological Society of America (2006)

Post-Graduate Positions: Post-Doctoral Research Associate, University of California - Santa Cruz, then
Post-Doctoral Research Associate, East Carolina University - Greenville, NC (Antarctic research)

Hayley Skelton, Ph.D. (MEAS; co-advisor, Dr. Dan Kamykowski), 2008

Thesis: Nutritional features and feeding behavior of the heterotrophic dinoflagellate, Pfiesteria
shumwayae

Honor: Won the Theodore L. Jahn and Eugene C. Bovee Award for best graduate student research paper,
annual meeting of the International Society of Protozoologists, Providence, RI (2007)

Post-Graduate Positions: Post-Doctoral Fellow, National Research Council, NOAA / University of
Connecticut (2008), then Supervisor of Algal Culturing, Algenol Biofuels, Fort Myers, FL (2009)

Meghan Rothenberger, Ph.D. (Plant Biology), 2007

Thesis: Long-term impacts of changing land use practices on water quality and phytoplankton
assemblages in the Neuse Estuary ecosystem, North Carolina

Honors: Won best graduate research presentation, Graduate Student Forum, Department of Plant Biology
(2007)
Won best Ph.D. dissertation of the year (2007) at NCSU, from the NCSU Graduate School (2008)

Post-Graduate Positions: Post-Doctoral Associate, CAAE (Visiting Professor, UNC Greensboro)

Susan Pate, M.Sc. (Botany), 2006

Thesis: Impacts of the toxic dinoflagellate Alexandrium monilatum on three ecologically important
shellfish species

Post-Graduate Position: Laboratory Administrator (Biotechnology), Duke University

Matthew Parrow, Ph.D. (Botany), 2003

Thesis: Feeding, reproduction, and sexuality in Pfiesteria spp. and cryptoperidiniopsoid estuarine
heterotrophic dinoflagellates

Honor: Won the Kellar Award for outstanding dissertation research (NCSU), 2004
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Post-Graduate Positions: Post-Doctoral Associate, CAAE

Paul Cancellieri, M.Sc. (Botany), 2001
Thesis: Chemosensory attraction of Pfiesteria spp. to fish secreta
Post-Graduate Position: Teacher, Durant Middle School, Raleigh

Jeffrey Springer, M.Sc. (MEAS; co-advisor, Dr. Dave Eggleston), 2000

Thesis: Interactions between two commercially important species of bivalve molluscs and the toxic
estuarine dinoflagellate, Pfiesteria piscicida

Honor: Won the Best Student Presentation Award at the Annual Meeting of the National Shellfish
Association, Seattle, WA, 2002

Post-Graduate Position: Research Associate, CAAE

Naomi Tsurumi, M.A. (Botany), 2000
Thesis: Influence of Industrialized Swine Agriculture on Air Quality
Post-Graduate Position: Environmental Policy M.A. program, Duke University

Brant Touchette, Ph.D. (Botany), 1999

Thesis: Physiological and developmental responses of eelgrass (Zostera marina L.) to increases in
water-column nitrate and temperature

Post-Graduate Position: Assistant Professor, Elon University

Elizabeth Fensin, M.Sc. (Botany), 1997

Thesis: Population dynamics of Pfiesteria-like dinoflagellates, and environmental controls in the
mesohaline Neuse Estuary, North Carolina, USA

Post-Graduate Position: Research Assistant, North Carolina Dept. of Environment & Natural Resources

L. Michael Larsen, Ph.D. (Zoology; co-advisor with Dr. Sam Mosley), 1995

Thesis: Responses of Diaphanosoma brachyurum (Cladocera: Suicide) and other zooplankton to clay
loading and algal food quality in a turbid southeastern reservoir.

Post-Graduate Position: Assistant Professor, Campbell University, Fayetteville, NC (now Professor
and Department Chair, Biology)

Leslie (Taylor) Taggett, M.Sc. (Botany), 1995

Thesis: Nitrate reductase activity of two intertidal macroalgae across gradients of temperature,
salinity and desiccation
Post-Graduate Position: Research Assistant - Analytical Chemistry Laboratory, NC DEHNR

Virginia Coleman, M.Sc. (Botany), 1993

Thesis: Community structure and productivity of epiphytic microalgae on eelgrass (Zostera marina L.)
under water-column nitrate enrichment

Post-Graduate Position: Research Associate - Algal Laboratory, NC DENR

Phumelele Gama, M.S. (Botany), 1992
Thesis: Phytoplankton response to a sediment loading gradient in a mesotrophic reservoir
Post-Graduate Position: Lecturer of Botany, University of Zululand, South Africa

Deborah Everitt (Tan), M.S. (Botany), 1992

Thesis: Seasonal dynamics of macrophyte communities from a stream flowing over granite flatrock
in North Carolina, USA

Post-Graduate Position: Stream Scientist, MD DNR
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Other Graduate Student Committee Memberships

Ph.D. Stephanie Archer, Applied Ecology
Yini Shangguan, U MD (Center for Environmental Science)
Brett Hartis, Fisheries, Wildlife and Conservation Biology
Geoff Sinclair, MEAS
Diane Whitaker, Science Education
Katherine Galucci, Science Education
Daniel Dickerson, Science Education
Nancy White, Forestry
Louis Elsing, Forestry
Dennis Hazel, Forestry
Gary Kirkpatrick, Zoology
Francois Bergand, Biological and Agricultural Engineering
Leslie Dorworth, MEAS
Thomas Shahady, Zoology
Randall Jackson, Zoology
Elise Irwin, Zoology
Kimberly Jones, Chemistry (UNC Wilmington)
George Hess, Biomathematics
Ann Darrien, Zoology
Elizabeth Marschall, Zoology

M.Sc. Mumtahina Riza, Applied Ecology
Katherine Culatta, Plant and Microbial Biology
Emily Vulgamore, Crop Science
Susan Randolph, Science Education
John Grady, Plant Biology
Carolyn Foley, Botany
Chad Coley, Soil Science
Angela Poovey, Crop and Soil Science
Scott Thomas, Biological and Agricultural Engineering
Kristin Toffer, Biology, UNC Greensboro
Beth Buffington, Crop and Soil Science
Edward Walycz, MEAS
Lisa Hartley, Botany
Robert Clark, Zoology
Beth Walker, Zoology
Rose Ragnacci, MEAS
Karen Kracko, Zoology

Postdoctoral Associate Advisor

Meghan Rothenberger, 2007: Present position, Professor, Lafayette College
Matthew Parrow, 2004-2006: Present position, Professor, UNC Charlotte
Brant Touchette, 2000-2002: Present position, Professor, Elon University
Cheng Zhang, 1999-2003: Present position, Research Scientist, NC DEQ
Visiting Fulbright Scholar

Allasanne Ouattara, Ivory Coast, 2008-2009: Professor from the University of Abobo-Adjamé
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Activities in Other Academic Programs - Kenan Fellows Program (for gifted K-12 teachers)

Mentor to Amanda Warren (2009-2010)

Mentor to Susan Randolph (2009-2010)

Mentor to Diane Whittaker (2007-2008)

Secondary mentor to Gayle Powell (2007-2008)

Panelist on selection committee for Kenan Fellows (2007-2009)

Service - the CAAE

The CAAE provides water quality research information needed at national as well as state and local
levels, to augment regulatory and non-regulatory programs aimed at optimizing management and
conservation of water resources from the perspective of protecting fish and human health. The
CAAE’s strategy in efficiently achieving this goal is to

develop strengths in research, training young scientists, NC STATE UNIVERSITY

and outreach education in aquatic science. Center for Applied Aquatic Ecology
General UNC guidance (The UNC Policy Manual, p.1) “Falls Lake Forensics”
states that centers should result in benefits to efficiency .

“ ) Water Quality Program
such as “strengthened and enriched programs around
the core missions of research, service, and instruction, for 8" grade students
enhanced opportunities for faculty, staff and student[s], Sponsor:
and heightened economic impact in the state.” Asa '
small center that emphasizes service, the CAAE:

Burroughs Wellcome Fund

EURROUGHS
WELLC OME

} FUNDE

LA

v' Has a unique mission and combination of major areas
of focus in outreach education and other service,
teaching/training young scientists, and research.

v" Develops and maintains efficient, cost-effective early
warning systems to help safeguard drinking water
supplies that are depended upon by more than
600,000 North Carolinians in the Triangle area and
~250,000 North Carolinians in the Triad area.

v’ Emphasizes high-frequency, long-term water quality
datasets to accurately quantify and track nutrient
loads and accompanying pollutants in major potable
water supply reservoirs and a major estuary; the
data are also valuable to assess the effects of various
management strategies toward improving
protection of these important surface waters.

v' Provides critically needed service for other NCSU
aquatic researchers (averaging ~2,800 samples for e

other researchers per year) through analysis by the ¥ \
Center’s State-Certified laboratory; the dependable, Contact the CAAE

high-quality data can, when necessary, stand up in For more information, contact us at:
court. The CAAE’s state-certified water quality Center for Applied Aquatic Ecology, NCSU
analytical laboratory provides high-quality data David Clark Lab, Dept. of Applied Ecology

Telephone: 919-515-3421
Website: https://caae.cals.ncsu.edu/
Email: jburk@ncsu.edu

(total phosphorus, soluble reactive phosphorus, total
Kjeldahl nitrogen, nitrate+nitrite, ammonium,
suspended microalgal chloro-phyll a, suspended

38



solids) needed by other researchers at cost. Since 2011 the NC environmental agency has
recommended the CAAE for training other laboratories across the state because in “round
robins”, CAAE data repeatedly have been superior (most consistent, lowest residuals) to those of
all competitive water quality analytical laboratories. The CAAE also maintains ~220 unialgal
cultures (freshwater to marine), and has provided cultures as requested, without charge, to more
than 60 scientists or their graduate students and postdoctoral associates for their research.

v' Has special strength in hands-on outreach education - the Center’s programs thus far have provided
hands-on education about aquatic science to more than 10,000 K-12 students (past ~decade), the
majority from economically depressed backgrounds (see brochure example on previous page).

Since initiation of this small center in 1999, I have served as the director which involves:
= Supervision of a core group of 5 staff scientists and 9-11 other personnel;

» Training of young scientists (6 to 8 undergraduate research interns per year, and under-
graduate/graduate student training through courses in aquatic science);

* Interactions with City of Raleigh and City of High Point partners in monitoring/research
efforts designed to help safeguard major potable source-waters;

» Synthesis of research findings and preparation of manuscripts for publication; and

» Direction of an outreach education program that reaches ~1,000 8t /rising 9th grade
students/year.

Other NC State Service (examples, past five years)

- Member, Dept. of Applied Ecology Mentoring
Committee for Dr. Erin McKenney (2023-)

- Member, Dept. of Applied Ecology Mentoring
Committee for Dr. Brad Taylor (2023-)

- Member, Dept. of Applied Ecology Awards Committee
(2023-)

- Member, Dept. of Applied Ecology Search Committee,
Fisheries Ecologist Position (2023-2024)

- Member, Dept. of Applied Ecology Post-Tenure Review Committee (2014-; evaluation of three
professors in 2023)

- Member, Dean Selection Committee, College of Agriculture and Life Sciences, NCSU (2022, and 2nd
committee in 2023)

- Member, Provost’s Honorary Doctorate Selection Committee (2022, 2023)

- Member, College of Agriculture and Life Sciences William Neal Reynolds Professorship Selection
Committee (2023)

- Member, College of Agriculture and Life Sciences Safety Committee (2020-2023)

- Reviewer of Dr. David Tarpy’s teaching for the Dept. of Applied Ecology (undergraduate course, 2023)

- Reviewer of Dr. Erin McKenney’s teaching for the Dept. of Applied Ecology (two undergraduate
courses in 2019, 2021; one undergraduate course in 2023)

Popular Press Articles, Reports, Requested Comments etc. (examples)

Burkholder, ].M. (2021) Evaluation of the Draft Permits to the Gadsden West River Wastewater
Treatment Plant for Inclusion of Effluent from the Pilgrim’s Pride Corporation’s Poultry Render-
ing Facility. Requested by Coosa Riverkeeper and the Center for Biological Diversity, 17 pp.
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Burkholder, .M. (2019) Nitrate in Drinking Water and Surface Freshwaters: Occurrence, Impacts, and
Recommendations for Protection of Human Health and Aquatic Life. Report requested by the
Sierra Club, 36 pp.

Burkholder, ].M. (2018) A Synopsis on Developing Numeric Nutrient Criteria for Freshwaters. Report
prepared for the Mississippi River Consortium, Chicago, IL, 97 pp.

Burkholder, ].M. (2006) A major potable water supply reservoir poised for increased cyanobacteria
blooms. LakeLine (summer), pp. 49-51.

Burkholder, ].M. (2003) Science and the press. On-line modules (ed., N. Kriesberg), NCSU, Raleigh, NC.

Burkholder, ].M. (2000) Brushstrokes from Floyd, pp. 72-79. In: Eye of the Storm - Essays in the Aftermath,
by E.W. Rickert (ed.). Coastal Carolina Press, Wilmington, NC.

President's Committee of Advisors on Science and Technology (PCAST) (1998) Teaming with Life:
Investing in Science to Understand and Use America’s Living Capital. Section [: Make Use of Current
Knowledge in Managing Biodiversity and Ecosystems of the U.S., p.27. PCAST Panel on
Biodiversity and Ecosystems, Washington, DC.

Coastal Futures Committee (1994) Charting a Course for our Coast - A Report to the Governor of North
Carolina. L.R. Preyer, Chair. NC Department of Environment, Health and Natural Resources,
Raleigh, 106 pp. [As the only scientist on the 15-member committee, | contributed substantially
to all sections related to water quality, habitat, and fisheries in the document, and to the
executive summary of prioritized recommendations.]

Burkholder, ].M. (1993) Vital grasses need clean water to grow. In: Currents, News Letter of the
Pamlico-Tar River Foundation, Vol. 13, Fall, p.7, Washington (NC).

Burkholder, ].M. (1993) Golf course runoff: View from below the water surface, pp. 18-23. In: Is
Golfing Green? The Impact of Golf Courses on the Coastal Environment. Symposium Proceedings
(sponsored by the NC Coastal Federation and the NCSU Cooperative Extension Service through the
NC Sea Grant College Program), Wilmington.

Other Education Outreach (examples, past five years)

K-12 Students and Teachers

The CAAE’s Falls Lake Water Quality Forensics Program (2019-2022; renewed for three years by the
Burroughs Wellcome Fund, 2024-2027) is providing hands-on education about freshwater science,
water quality assessment, influential characteristics of watersheds, the direct connection between
water quality and human health, and the importance of citizen stewardship in protecting natural
resources. Also see “Service - the CAAE” section above. Thus far, about 4,100 8t/rising 9th grade
students have participated, as well as ~650 1st-2nd graders using our AR Sandbox to learn hydrology).

General Citizenry
- Webinar for members of Upper Missouri Riverkeeper, a concerned citizens group (the science and
policy involved in Montana’s attempt to rescind its numeric nitrogen and phosphorus criteria,
2024).
- Nutrient Pollution in U.S. Surface Waters - Background, Impacts, and Status (invited, Mississippi
River Collaborative, 2023; and invited, Sustainable Phosphorus Webinar Series of the Sustainable
Phosphorus Alliance directed by Dr. Jim Elser, 2023).

- Livestock Production and Surface Waters: Science, Management Capture, and Forecast (invited,
Consortium of Environmental Lawyers hosted by the Southern Environmental Law Center, 2023).
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- Neuse River Documentary (led by Mr. Bill Leslie, WRAL Television Station; panel participant in
public forums in Raleigh and New Bern, NC about the documentary, 2019).
Society Memberships

American Association for the Advancement of Science, Association for the Sciences of Limnology and
Oceanography, Coastal and Estuarine Research Federation, North American Lake Management
Society, Society for Freshwater Science
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