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EXECUTIVE SUMMARY
1.

Region-wide effects of iron-sand mining on short-lived
primary producers will be indistinguishable within natural
oceanographic variability.

2.

Local impacts on habitats more frequently and intensely
impacted by the optical effects of the mining plume may be
detectable,

particularly

for

elements

of

the

benthos

(microphytobenthos (MPB) and macroalgae). Effects on
primary production (PP) at local scale proximal to the mining
operations will likely manifest more as decreases in MPB
production and organic carbon availability to benthic
consumers than as decreases in phytoplankton PP. These
may exceed natural variability in the immediate vicinity of
the mining operation and may propagate locally to
organisms that feed primarily on MPB and in turn to their
consumers.
3.

Such local effects will be short-lived and unlikely to differ
significantly from the effects of natural disturbances, such as
storms, to which continental shelf ecosystems are well
adapted.

4.

I conclude that the relatively small spatial footprint of sand
mining activities and inherent variability in the physical
environment will render sediment model domain (SMD)-scale
impacts of mining on PP statistically indistinguishable from
natural variability.
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INTRODUCTION
Qualifications and experience
1.

Lawrence B. Cahoon, Ph.D.; Biological Oceanographer;
Professor of Biology and Marine Biology, University of North
Carolina Wilmington (UNCW). My primary research focus
during my 35-career at UNCW has been on sediment-water
interface

processes,

particularly

benthic

micro-algal

ecology, in continental shelf ecosystems. Related interests
have included the ecology of demersal zooplankton in shelf
ecosystems,

nutrient

fluxes

across

the

sediment-water

interface, and the limits of benthic primary production.
have

written

numerous

peer-reviewed

I

publications

supported by external funding, including one of only two
published papers on MPB in New Zealand waters (from a
sabbatical visit with NIWA-Hamilton, hosted by Dr. Bill Vant in
1996). I have published two review articles about the
importance of microphytobenthos in continental shelf
ecosystems and their photo-adaptation patterns.
2.

I have conducted much of my research in continental shelf
ecosystems on the eastern US coastline (from Florida to the
Gulf of Maine) using diving, Remotely Operated Vehicles,
and surface vessels in support of my field research. I have
served as Chief Scientist on 27 oceanographic cruises.
Recent studies have focused on primary production in the
surf zone and beach nourishment effects, including in situ
radioactive tracer and Fast Repetition Rate Fluorometry
methods.

3.

I have taught biological oceanography, including primary
production methods, at the undergraduate and graduate
level

since

1976,

oceanography,
science.

as

well

limnology,

as

and

introductory
forensic

physical

environmental
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4.

As

a

BiosciEdNet

Scholar

I

designed

and

published

laboratory exercise guides for conducting nutrient limitation
experiments and for using remote sensing data to analyse
the effects of river discharge on coastal ocean properties. I
have also served on the North Carolina Marine Science
Council, the North Carolina Ocean Affairs Council, as Chair
of the North Carolina Ocean Resources Task Force, on the
North Carolina Division of Coastal Management’s Ocean
Policy Advisory Committee, and on a North Carolina
legislative study subcommittee on offshore energy policy. A
partial curriculum vitae is attached as Appendix 1 with
relevant publications and graduate theses in bold.

Code of conduct
5.

I confirm that I have read the Code of Conduct for Expert
Witnesses as contained in the Environment Court Practice
Note dated 1 December 2014. I agree to comply with this
Code. This evidence is within my area of expertise, except
where I state that I am relying upon the specified evidence
of another person. I have not omitted to consider material
facts known to me that might alter or detract from the
opinions that I express.
Confirmed, Lawrence B. Cahoon, Ph.D.; 6 Sept 2016

SCOPE OF EVIDENCE
6.

My evidence will cover the incorporation of sediment plume
modelling, optical property modelling and understanding of
responses of primary production (PP) to light flux to generate
estimates

of

light

effects

on

phytoplankton,

microphytobenthos (MPB), and macroalgae production in
the sediment model domain (SMD). Coupled with additional
oceanographic information, these estimates predict the
likely magnitude and spatial scale of mining operation
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effects on PP across the SMD and at locations of special
environmental concern, while also considering adaptability
of affected populations. These estimates are also considered
within the broad context of the oceanography of the South
Taranaki Bight (STB), particularly with regard to factors
affecting PP. The bulk of the evidence I present here derives
from the report by Cahoon et al. (2015), which evaluated
primary production effects in response to modelled sediment
plumes and optical effects in the SMD.
ASSESSMENT OF EFFECTS

Overview
7.

The proposed sand mining programme will take place in the
exclusive economic zone (EEZ) waters (> 12 nm from shore) in
the northern portion of the South Taranaki Bight (STB), which
is part of the Tasman Sea. I evaluate potential effects of the
proposed activities on PP, which includes production by
phytoplankton,

MPB,

and

macroalgae

(“seaweeds”).

Phytoplankton are defined as primary producers suspended
in the water column, and are usually considered to be
microscopic. Phytoplankton are taxonomically diverse, and
include diatoms, cyanobacteria, various flagellated forms,
and

many

microscopic

non-motile
primary

forms.

producers

Microphytobenthos
that

associate

are
either

passively or by specific adhesion mechanisms to bottom
substrates. This group is also very diverse but is usually
dominated by diatoms and cyanobacteria. The MPB diatom
community is, however, quite distinct from the phytoplankton
diatom assemblage for the most part, reflecting adaptation
to a benthic lifestyle, and many of them are motile.
Macroalgae are typically attached to hard substrates,
although some taxa exhibit a floating lifestyle.
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8.

The STB encompasses what I consider to be typical
continental shelf habitats – bottom features dominated by
unconsolidated sediments, with scattered outcroppings of
hard substrates. The nearshore habitats are dominated by
wave-induced turbidity coupled with river discharges of
terrigenous sediments, while the offshore habitats have more
oceanic character – clearer water and relatively lower
productivity. Physical processes affecting the STB include
coastal currents driven by Tasman Sea circulation as well as
flows through Cook Strait, tidal flows, river discharges, and
storm events, in addition to a significant nutrient supply from
upwelling

off

Cape

Farewell.

Storm

events

can

be

particularly important in continental shelf ecosystems, as
they can drive significant alterations of normal current flow
patterns, bottom scouring by waves, sediment transport, and
displacement of the biota. There is also interaction of internal
waves with the shelf bottom. Consequently, physical
disturbance is the norm in continental shelf habitats so
continental shelf ecosystems are generally well-adapted to
physical disturbance, an important consideration in placing
human activities in context.
9.

Oceanic primary producers require light (photosynthetically
active radiation, PAR) and nutrients (primarily nitrogen,
phosphorus and silicon compounds) to support their growth.
Although continental shelf ecosystems, owing to their shallow
depth, proximity to terrestrial sources of nutrients, and
exposure to physical processes that can affect access to
light and nutrients, are frequently much more productive
than open ocean ecosystems, they can still feature
significant limitation of PP owing to deficiencies in light or
nutrient availability. Nearshore turbidity can limit PP, and
appears to do so in the nearshore zone of the STB, while
waters offshore can be relatively nutrient-poor. Field studies
and literature on phytoplankton in the STB generally consider
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them to be nutrient-limited (e.g., Bradford et al., 1986).
Benthic primary producers, however, owing to access to
nutrients regenerated in bottom sediments, are more often
light-limited and less likely to be nutrient-limited. It is
important

to

add

that

the

oceanographic

science

community considers that many microalgae may also be
capable of heterotrophic production (mostly uptake of
dissolved

organic

material),

and

that

this

mode

of

production can supplement or even replace primary
production

(photosynthetic

formation

of

new

organic

matter), particularly when light is limiting. MPB are particularly
likely to exhibit heterotrophy, as sediments are an excellent
source of dissolved organic matter.
10.

Primary

producers,

particularly

the

micro-algae

(phytoplankton and MPB) form the base of the continental
shelf food web (putting aside terrestrial and macroalgal
organic matter here). Consequently grazing is an important
factor in transferring matter and energy and in regulating the
size and growth rates of primary producer populations.
Planktonic grazers, e.g., zooplankton such as copepods, are
typically generalists with broad diets and considerable
mobility, thereby adapting to the shifting and very patchy
nature of primary producers in time and space. Benthic
grazers often exhibit less motility, but are also generalist
feeders, and many take advantage of planktonic food
supplies carried past them by currents. Moreover, the biota
of continental shelf ecosystems are routinely exposed to
physical disturbances that affect the concentrations and
distributions of food resources, such as storm events, tidal
flows, and seasonal changes in water column stability.
Consequently, the continental shelf biota is well-adapted to
disturbance. The abilities of continental shelf biota to adapt
to changing food supplies through space and time mitigate
to a great degree the effects of local perturbations in PP.
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Sediment impacts
11.

The principal activity of the proposed iron sand mining is the
removal, processing, and replacement of sand from the
seabed surface. The area for which sediment plume
modelling was conducted is termed the Sediment Model
Domain (SMD; Figure 1 below), a significant portion of the STB
selected based on prevailing current flows and likely
transport times from the proposed mining site. I consider it
highly unlikely that any effects of mining activity could ever
be statistically distinguishable at the boundaries of the SMD
as defined, which is very important in capturing the full
effects in the STB ecosystem. Quite clearly, most of the direct
effects will be concentrated well within the bounds of the
SMD, and under typical conditions may be restricted by
mixing barriers (hydrodynamic gradients) and transport rates
within the SMD. One might argue that by drawing the
bounds of the SMD as given, that “area-averaged” effects
appear smaller than effects averaged over a smaller area.
That is true for direct effects, such as the impact of turbidity
on primary production, but it is critical to capture ecosystemscale effects. My review of the physical, sediment plume,
and optical models satisfies me that the statistically distinct
direct

effects

at

smaller

spatial

scales

have

been

adequately captured by the models. But when one
considers food web effects, it is very important to examine
impacts over larger spatial scales, as consumer foraging,
recruitment, and other higher trophic level processes do
integrate larger spatial scales. Thus, from my point of view
the SMD as defined is appropriate.
12.

From

the

standpoint

of

effects

on

PP,

the

prime

consideration is the generation of extra turbidity and its likely
effects on light flux through the water column. Several
aspects of the overall mining process have the potential to
generate turbidity, including sand removal by a suction
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device, surface releases of sediment incidental to handling
processes on board ship, and, particularly, replacement of
de-ored sand in the excavated area(not in separate tailings
piles). I note that Trans-Tasman Resources Limited (TTRL) has
committed to a near-bottom (4m above) replacement
approach in preference to the near-surface release of deored sands proposed in its 2013 application. I understand
that all sediment modelling has now incorporated that
feature and is based on turbidity effects of the sediment
replacement

activity,

which

dominate

the

turbidity-

generating processes of the proposed mining activity.
Figure 1: The South Taranaki Bight (STB) region showing the Sediment Model
Domain (SMD) (oblique black rectangle). The approximate iron-sand mining
location is shown in red.
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13.

As explained by Dr. Dearnaley, larger sand grains typically
sink to the bottom very quickly, thus posing minor impacts on
overall turbidity. Very fine-grained material (<38 µm) can
remain in suspension longer, thus creating a sediment plume
that can diminish light flux to the bottom and be carried
away from the mining site by currents. Several natural
processes, some of them biological, can affect the fate of
suspended fines, including flocculation (particle-particle
interactions), adsorption to marine snow, fouling by microbes
and subsequent floc formation, removal by suspension
feeders, and capture by impingement on other objects and
surfaces.

14.

Dr. Dearnaley has also explained that laboratory-derived
sediment settling rate estimates included the effects of
particle-particle interactions among the suspended fines.
However, some of the biological effects on fine particle
removal listed above cannot be tested in a lab setting, e.g.,
fouling by microbes, adsorption to marine snow or removal
by suspension feeders, but certainly occur in nature, so
estimates of fine particle loss rates derived from laboratory
measurements and used in the sediment transport modelling
for

TTRL

must

be

considered

as

conservative,

i.e.,

underestimates, in my opinion. Contrary to some assertions I
have seen in public comments, I am aware of no plans by
TTRL to use artificial flocculants as a mitigating measure.
15.

Modelling of sediment plume impacts has proceeded with
the assumption that sediment handling procedures render
resulting discharged sediments as essentially abiotic (without
living organisms). Although macrobiota are unlikely to survive
sediment processing my own studies of similar sediment
handling operations, e.g., suction dredging and beach
nourishment (Cahoon et al., 2012), indicate that MPB can at
least partially survive these processes, adapted as they are
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to a very dynamic physical environment. Many other smaller
organisms, including bacteria, are likely to survive these
processes, in addition to organic matter that will attract
further post-processing microbial colonization and growth.
Thus my opinion is that biological processes will assist in more
rapid removal of suspended sediment from the water
column than the sediment plume and optical models
assume.
16.

It is my opinion that there will be less sediment from mining
activities remaining in suspension for a shorter period of time
and at a lesser distance from the mining site than the
modelling assumes.

However, taking a conservative

approach based on the laboratory findings, the sediment
transport modelling results were used in the optical and PP
assessments. This approach will, in my opinion, overstate the
actual concentrations and transport distances of the
sediment plume so that we are overstating the likely impacts
of the plume on light flux and PP, although it is difficult to
quantify the degree of these largely biological effects.
17.

Suspended sediment concentrations in the SMD from mining
activity have been estimated from the sediment plume
modelling

and

compared

to

suspended

sediment

concentrations from natural disturbances and sources
estimated by satellite observations. Modelling was done
based on two end-member mining locations (A and B),
denoted in Figure 2.
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Figure 2: The Sediment Model Domain (SMD) which is part of the South
Taranaki Bight (STB) region. Colours show the depth of water. The projection
and region limits follow those used for the hydrodynamic modelling (Hadfield,
2015). Note that the region is rotated relative to grid north. The approximate
iron-sand mining location is the white polygon near the middle of the region.
Also shown is the limit of the territorial sea (white line, 12 nm offshore) and
towns (black). Simulations of mining effects were undertaken for scenarios of
mining at the inner limit of the proposed mining area (site A, labelled “A”) and
outer limit of the proposed mining area (site B, labelled “B”). Graham Bank is
labelled “G”, the Traps (North and South) is labelled “T” and Patea Banks is
labelled “P”.

18.

Natural processes generate very much more suspended
sediment than mining activities at the SMD scale. Natural
variability essentially swamps the effects of mining activities
on suspended sediment concentrations (Figure 3a-c). These
results likely overstate the effects of mining on suspended
sediment concentrations in the SMD as I argue in the
preceding paragraphs.
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Figure 3a

Figure 3b

Figure 3c

Figure 3: Median near-bottom concentration of suspended sediment from mining (50
Mt/a) at source location A. a) Background SSC; b) mining-derived SSC; c) background
plus mining-derived SSC; from Dr. Dearnaley’s Evidence. Note log-scale of SSC values.
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19.

Analyses of suspended sediment concentrations (SSC, mg/L)
under natural conditions (from field sampling and groundtruthed remote sensing of optical properties) and projected
for mining at full rate at Site A (from Dr. Dearnaley’s Evidence
and Mark James’ Evidence) illustrated that in every location
for which comparisons were made naturally occurring SSC
values exceeded those predicted from mining operations,
excepting a location 1 km from Site A along a transect
toward Whanganui (“A-Whanganui (1km)”, Table 1):

Table 1. Estimated SSC (mg/L) values at locations within the SMD; values are
for 95th percentile and median.

Background

Mining

Location

95th%ile

Median

95th%ile

Median

Kaitoke

62

11

0.6

0.1

Patea

92.6

18.5

0.6

0.1

Pukepuke

28.8

7.4

0.4

0.1

Puketapu

21.6

3.3

0.1

0.0

South Traps

11.1

3.1

0.9

0.2

North Traps

12.4

3.7

0.9

0.2

Tuteremoana

13.6

4.7

0.6

0.1

Rolling Grounds I

1.1

0.1

0.2

0.0

Graham Bank

4.5

0.6

1.6

0.4

A-Whanganui (1km)

2.7

0.4

3.7

1.0

A-Whanganui (20 km) 5.9

0.9

1.8

0.4

___________________________________________________________________
20.

Note that 1) median SSC levels do not exceed 1.0 mg/L even
at 1 km from mining Site A, 2) that mining effects do not
exceed natural SSC values except at the 1 km site, and 3)
that natural SSC values are quite variable and frequently
much higher than values expected from mining. Note that
these data include analyses for two hard-bottom sites, The
Traps and Graham Banks, of particular ecological interest.
Additional illustration of these points may be viewed in Figure
4 (from Mark James’ Evidence):
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Figure 4. SSC values for Graham Bank (see Figure 2) from natural processes
(top panel, derived from field sampling and remote sensing of optical
properties; time scale on the top X-axis in each panel), mining activities at Site
A (from modelling by Dr. Dearnaley), and for combined effects (bottom
panel; predicted effects forecast along time scale on bottom X-axis in 2nd
panel).

21.

Points to be taken from this figure, in addition to those
derived from Table 1, are: 1) natural processes, particularly
storm events, drive very large and frequent excursions in SSC
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in this region. This is a highly disturbed ecosystem in terms of
sediment resuspension events; 2) Modelling predicts similarly
episodic spikes in SSC at modelled locations from mining
resulting from variations in flow vectors in the SMD. Thus, the
normal condition to be expected from mining may be
described as having relatively low SSC/turbidity values
punctuated by event-scale spikes, a condition that is well
within the bounds of the pattern typical of this continental
shelf ecosystem (note and compare values on Y-axes in
each panel). Continuous (>~1 week) major elevation of SSC
and reduction in light flux through the water column is
therefore highly unlikely at any site more than 1 to a few km
from the site of active mining. Moreover, except at locations
within 1-2 km of the mining site, turbidity effects will be
significantly lower than effects from natural sediment
suspension processes.

Optical modelling
22.

Optical modelling used available data on the inherent
optical properties (IOPs) of the STB waters, including the
nearshore turbid zone (from synoptic field surveys and
monitoring), and from MODIS-Aqua satellite products (chl-a
and CDOM), supplemented with literature values, to model
background

apparent

optical

properties

(AOPs)

that

quantify light penetration, visibility and colour (Pinkerton &
Gall 2015; Hadfield & Macdonald, 2015). Optical modelling
used 1 km2 cells within the SMD for all calculated properties
and effects, and considered the optical effects of mining at
Sites A and B (Fig. 2). Predictions are based on sediment
transport modelling of mining at the full rate proposed in the
mining application, 50 million tonnes per year. Tank
experiments were used to measure the mass-specific IOPs of
five different fractions of fine sediment (from natural
sediment cores and from mining post-grind tailings) to
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estimate the IOPs of the mixture (mining plume plus
background light attenuation). Modelled optical parameters
for the background sediment were made consistent with
observations (surveys, moorings, satellite data) by adjusting
the

satellite

backscatter

to

in

situ

observations

of

attenuation, and then using the satellite data to constrain
the background optical model. Residual uncertainties in the
predictions of optical effects are unavoidable, but I consider
that the optical model presented here is the best model that
can reasonably be developed at present. In my opinion and
experience, the optical modelling described here is more
complex and is likely to be more accurate than is normally
undertaken to assess optical effects of seabed mining.

I

note that EPA’s experts concur in this opinion.
23.

Products of the modelling included:
(a)

The amount of light energy in the water column
(relevant to phytoplankton PP) and estimates of light
flux to the bottom (relevant to MPB PP) as the
integral of irradiance by depth to the bottom;

(b)

Estimates of euphotic zone coverage, using two
different values for euphotic zone light limits to
incorporate considerations of photo-adaptation;
and

(c)

Portions of the SMD receiving sufficient light to
support PP on the bottom, again, using two values
for euphotic zone light limits. I note here that the
traditional view of the oceanographic community
was to consider euphotic zone depth (water column
depth above which positive net production occurs)
to be at the depth receiving at least 1% of surfaceincident light.
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24.

Numerous studies, including my own of deep-dwelling MPB
(McGee et al., 2008), now indicate that productive
phytoplankton, MPB and macroalgae can grow naturally at
considerably lower light levels, reflecting considerable
capacity for adaptation to reduced light flux. Consequently,
for this project, I considered effects at both the nominal 1%
level (0.4 mol photons m-2 d-1) and a lower euphotic zone
depth limit, Zeu, corresponding to the 0.1% light level (0.04
photons m-2 d-1).

Primary production
25.

Water column light flux under “background” (no mining)
conditions and the effects of mining-derived alterations of
optical properties are presented in Table 2 below. At the
SMD scale mining effects are very small in both absolute
terms and as percentage changes in water column light
levels, well within the bounds of natural variability at eventscale (storm-induced turbidity effects) and also at long time
scales.

Even

without

taking

photo-adaptation

by

phytoplankton populations into account, the impacts on
phytoplankton (water column) PP, although of negative sign,
are very small and statistically indistinguishable from zero.
Ecosystem-level effects on phytoplankton PP are therefore
negligible.
Measure of water column light
Mean water column light over
entire SMD (mol photons m-2 d-1)
Change in Mean water column
light over the SMD (%)
Maximum change per 1 km2 cell
(%)
Predicted mean change in

Background

Site A

Site B

5.5

5.4

5.4

-1.9

-1.6

-45.5*

-26.6*

-1.0

-0.8
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Measure of water column light

Background

Site A

Site B

phytoplankton primary production
over SMD (%)
Table 2: Modelled effect of mining on water column light flux. “Background”
values are those without mining activity. The change in mean water column
light over the SMD is used to estimate the effect of mining on primary
production by phytoplankton at the scale of the SMD. A factor of 50% is used
to account for photo-adaptation of phytoplankton. *“Maximum change” is
predicted to occur at the point of active mining, essentially within the 1 km2
cell centred on mining activity. This maximum value is hence sensitive to the
spatial resolution of the sediment model (here 1 km2) and of low ecological
significance.

26.

Effects on MPB PP have been predicted, as above, based on
sediment transport and optical models that predict the
impacts of mining at two different locations (Fig. 2): site A
(inner limit of proposed mining) and site B (outer limit of
proposed mining). Estimates derived from 6 years of satellite
observations from the SMD show that the natural variation of
the annual-average total light reaching the seabed in the
SMD has a standard deviation of ±25%, with annualaverages of between +36% to -32% of the long term mean.
This means that MPB communities are exposed and must
adapt to considerable natural variation in light available for
PP. Similarly, consumer communities are also predisposed to
adapt to considerable inter-annual variability in benthic PP.

27.

MPB must naturally receive much less light at the bottom
than phytoplankton in the water column, so it is reasonable
to predict that MPB production in the SMD must be
considerably lower than integrated PP by phytoplankton.
Lacking any actual MPB biomass or distribution data from the
STB, Cahoon et al. (2015) considered several scenarios of
MPB production, finding a range of MPB production as a
percentage of phytoplankton PP of 4.5% - 14.8%, with an
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average of 8.8%. When considering total energy/materials
fluxes to the benthos, it is important, therefore to consider the
relative contributions from the phytoplankton and the MPB
communities. We thus estimated that declines in average
energy flux to the sea bottom owing to mining-induced
changes in light flux for the SMD would vary from 5.8% with
mining at Site B to 8.4% with mining at Site A. Reductions in
total system production are also predicted to be relatively
small – in the <2.5% range, which I consider indistinguishable
from natural variability.
28.

EPA’s experts (AECOM) on benthic ecology state that
“predicting the potential extent of impact upon primary
production is hampered by the lack of knowledge on the
distribution of MPB. Unlike the distribution of macroalgae,
which can be reasonably inferred from the distribution of
rock substrates in the region, the predicted distribution of
MPB is based primarily upon the nature of substrates upon
which it has been recorded elsewhere. Despite this
uncertainty, AECOM considers that the model outputs
indicate that the areas within which localised significant
reductions in benthic primary production may occur are
small relative to the area of similar benthic habitat present in
the broader STB region. AECOM consider that, if the model
outputs can be verified as sufficiently accurate, it is
reasonable to conclude that the risk of significant impacts
upon regional benthic primary production is low.” (EPA Key
Issues Report, p. 19).

29.

Fig. 5 below, which shows the effects of mining location
(turbidity source points A and B, as in Figure 2) and choice of
euphotic zone limit, Zeu, on the area of the SMD bottom
capable of supporting MPB illustrates the point made in the
preceding

paragraph.

Although

this

graph

appears

complicated, it illustrates the degree to which important
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details and relevant bounds have been incorporated into
the optical and PP modelling. In this case the models
considered effects of mining at two locations and two values
for light flux limits able to support MPB growth. The dashed
lines (averaged relationships) illustrate that a small portion of
the seabed area will experience relatively larger reductions
of incident light flux, whereas smaller reductions in light flux
will occur in more of the seabed area.

Figure 5. Predicted effect of proposed mining at site A and site B
on seabed light in the Sediment Model Domain (SMD), part of the
South Taranaki Bight (STB). The y-axis shows the proportion of the
seabed area of the SMD that, in the absence of mining receives
more than 0.4 or 0.04 mol m-2d-1, and with mining has this light
reduced by the amount shown on the x-axis (% reduction). The
figures shown by the dashed lines are the averages of the four
lines. For example, about 43% of the area of seabed in the SMD
that has “enough light for microphytobenthos” will experience a
reduction in light of more than 10%. But, only about 13% of the
SMD which is likely to have MPB will experience a reduction in light
of more than 50%. Seasonal weighting is included in light at the
seabed – the weighting is a sinusoid of annual period so that
midsummer is 3 times greater than midwinter, and the mean is
unity. This seasonal weighting allows for light to be more important
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for PP by MPB in the summer than the winter. Light reduction to
the bottom at the actual mining site could exceed ~90%, but MPB
would have already been displaced there.

30.

It is appropriate to elaborate here on the biology of “photoadaptation” by primary producers, as reference to this
phenomenon is made throughout and it is a critical feature
of the basic biology of marine primary producers. Primary
production is driven by photosynthetic capture of light
energy; the relationship between light flux (‘effluence’, E)
and production, P, is usually described in so-called ‘P-E
curves’.

These

curves

are

in

turn

characterized

mathematically by several parameters, whose relative values
can change, indicating adaptation to changing light
availability. I have reviewed P-E relationships for MPB
(Cahoon, 2006) and photo-adaptation by MPB specifically in
Cahoon et al., (2015).
31.

MPB and phytoplankton display considerable ability to
adapt to changes in light availability. MPB are dependent on
light flux through the water column and phytoplankton cells
are transported throughout the water column. Given that
phytoplankton and MPB cannot control these physical
processes, they must adapt to them.

32.

Photo-adaptation must occur in response to potentially rapid
changes in light availability and can occur in several ways.
Micro-algae have very short life spans (a few days), and
spend half their lives in the dark at night, so they have
cellular processes to allocate light-utilization resources
efficiently and quickly. These processes include synthesis and
breakdown of photosynthetic pigment-protein complexes,
alteration of pigment complements in response to changing
light spectra, and metabolic processes to alter the efficiency
of pathways by which photosynthetic products are utilized.
Macroalgae also display these mechanisms of photo-
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adaptation, but have the additional advantage of being
able to store photosynthetic products in their larger bodies
for extended periods of time, enabling them to adapt to
quite

substantial

mechanisms

to

changes
enhance

in

light

availability.

autotrophic

These

(photosynthetic)

production are complemented by heterotrophic production
capabilities, usually the ability to grow by up-taking dissolved
organic matter. These capabilities have been demonstrated
in some phytoplankton and MPB, but may be widely
distributed.
33.

At smaller spatial scales, notably in the immediate vicinity of
mining operations, optical effects and impacts on PP would
be more pronounced, as illustrated in Figure 5. Predicted
changes in the immediate vicinity of the mining activities (<2
km distant) would include expected area-specific reductions
of carbon flux to the benthos of up to ~45% per 1 km2 cell
(Table 2). These effects would be greatest in the sediment
plume and decrease exponentially away from the plume,
even in areas close to the mining activities, as illustrated in
Figure 3b. The presence of the plume will be more
intermittent at sites > 2 km from the actual mining site owing
to increasing variability in flow vectors with distance from the
mining site, as illustrated in Figure 4, middle panel. As
referenced in para. 20 above, natural long-term variability of
light fluxes in the STB is substantial, on the order of one-third
of mean values. Given this variability and short-term, eventscale variability that is considerably higher (several hundred
percent, see Table 1 and Figure 4, middle panel) one must
conclude that this continental shelf ecosystem experiences
and is adapted to considerable natural variability in light flux
and energy throughput.

34.

The EPA Key Issues report commented (p. 20, item #71):
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“DHI is of the view that a model of primary production that
includes phytoplankton and MPB production should be
used. DHI considers that coupling such a primary
production model with the optical model, which in turn is
based on the hydrodynamic/sediment model, would
enable TTRL to address the impacts on primary production
within the STB and at environmentally sensitive areas
(ESAs) in greater detail. The DMC will need to decide if the
information provided by TTRL is the best available
information in respect of the potential effects of the
sediment discharges on primary production.”

35.

In response I consider that a single model of phytoplankton
and MPB production sounds attractive, but is not feasible in
practice. There is some limited basic knowledge of the
essential characteristics of the phytoplankton community in
the STB (taxonomy, biomass, production, and variability in
the estimates), but no good information on P-E responses by
STB phytoplankton and absolutely no such information on the
MPB community in the STB. Indeed, the very existence of MPB
in the STB is inferred, as stated in para. 22. There is good
evidence from field studies that phytoplankton in the STB are
primarily nutrient-limited, while MPB are typically light-limited
in continental shelf habitats, complicating a single model
approach by requiring such a model to factor in external
nutrient fluxes across the SMD boundaries (including benthic
regeneration) and internal recycling processes. Such a
modelling effort would also have to consider the effects of
horizontal gradients as they affect nutrient fluxes, as well as
the effects of stratification and mixing, which may be even
more important in that regard. That is a tall order. Moreover,
the basic ecology and taxonomy of the phytoplankton and
MPB are fundamentally different, making questionable any
assumption that a single P-E model or variants thereon could
adequately predict their responses. I am not aware of any
published model that attempts what EPA suggests here. My
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own studies have shown that phytoplankton and MPB PP are
essentially uncoupled in continental shelf ecosystems, as
they respond to different limiting factors.
36.

DHI also questioned the use of literature values for modelling
P-E responses of primary producers in the STB. The general
responses and photo-adaptations of phytoplankton, MPB
and macroalgae to fluctuating light fields are well described
in the scientific literature. Lacking any evidence to suggest
that the floras of the STB are somehow unique, reliance on
available data and models from the literature is the only
practical way to have modeled such responses. Moreover,
the models used generate percentage responses, which are
actually the most useful way to express the relative
magnitude of predicted effects. If the intent of the query
was to suggest that P-E models be generated for the STB or
SMD based on a field campaign, perhaps as part of the
BEMP, then it would appear that EPA is suggesting actual
field

measurements

of

P-E

relationships

by

the

phytoplankton, MPB and macroalgae, even though its
reviewers have advised that production measurements per
se are well beyond any reasonable monitoring program’s
scope, and advise measuring biomass in preference (as do
I). P-E experiments are even more problematic for a field
campaign, and the known variability in P-E parameters will
make results of questionable additional utility. Moreover, the
known variability in phytoplankton biomass and production
in the STB is of sufficient magnitude to indicate that such an
effort would make consequent modeling not significantly
better than what we already have. My own studies have
shown that MPB PP in continental shelf ecosystems is not
consistently controlled by any one factor except at the
broadest scale and therefore I consider that an STB
modelling campaign would be unable to separate signal
from noise in the SMD in respect to PP by MPB.
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37.

Given the general nature of the sea bottom throughout the
region, I do not consider that the soft-bottom habitats in the
immediate vicinity of the proposed mining activities support
unique or highly unusual biological communities compared
to the rest of the STB or New Zealand shelf waters (cf
Statement of Evidence by Mark James). My review of
benthos descriptions supports that view (see Beaumont et
al., 2013). The Key Issues Report likewise summarizes this point:
“No evidence that the project area is unique in respect of
habitats and benthic biota.” Moreover, one must consider
that MPB are notoriously patchy in their natural distributions in
space and time and that most grazer (herbivore) guilds
therefore display considerable flexibility in their foraging
habits, as expected in the physically dynamic continental
shelf ecosystem. Thus, the impacts of the proposed mining
activity on local MPB production and consumption will be
ameliorated to a significant degree by pre-adaptation to a
patchy, disturbed habitat.

38.

The effects of nutrient releases from sediments from mining
activities at the SMD scale would be very small. But at the
most local scale, in which turbidity effects would be highest,
nutrient release from sediments by mining would be similarly
higher and more effective at supporting PP in the nutrientlimited

phytoplankton

community.

Using

conservative

estimates of sediment bulk density, water content, and pore
water ammonium-N concentrations we estimated that
ammonium-N

release

by

mining

activity

would

yield

concentrations averaging ~4 µM in the sediment plume at
the release point, a concentration likely to enhance local PP.
Thus, the effects of iron-sand mining also have some small
but positive effects at very local scales. Note that nutrients
should not be considered as ‘contaminants’ in this nutrientlimited continental shelf ecosystem, as some comments
have inferred (e.g., EPA Key Issues report, p. 12).
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39.

The expected deposition of sediment on the sea bottom
outside the mining pit, where most of the effluent sediment is
expected to be deposited during normal mining operations,
has been described in the sediment transport model (Dr. M.
Dearnaley,

HR

Wallingford,

2015).

Average

values

of

sediment deposition over the SMD are on the order of 0.5 to
1 mm per year, which would be indistinguishable from
background. MPB are adapted to an episodically disturbed
sediment-water

interface

environment

in

which

both

physical perturbation (“resuspension events” induced by
high flow velocities) and biological activity (deposit feeding
and other bioturbation, particularly by benthic macrofauna)
are the norm; sediment turnover rates from these normal
processes

can

be

mm-cm

per

day.

Many

microphytobenthos species are motile, e.g., flagellated
forms and most monoraphic diatoms and biraphic diatoms.
The diatoms, in particular represent an assemblage highly
adapted

to

life

at

the

sediment-water

interface

in

continental shelf ecosystems, e.g., Cahoon & Laws, 1993;
McGee et al., 2008). The distinction between phytoplankton
and MPB is not a clean one, however, as an intermediate
group,

sometimes

termed

“tychopelagic”,

denoting

microalgae that are easily resuspended into the water and
then settle back to the bottom (Cahoon & Laws, 1993), can
be found in both assemblages. Tychopelagic forms are
particularly well-adapted to disturbance and resulting
fluctuations in access to light and nutrients.
40.

The effects of turbidity plumes at two hard-bottom habitats
supporting macroalgae, Graham Banks and The Traps
(Figure 2), were also modelled. Because hard-bottoms
frequently support characteristic associated communities,
effects were considered, even though these hard-bottom
habitats are over 20 and 30 km from the edge of the
proposed mining area, respectively, and located in closer
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proximity to the nearshore turbid zone, where exposure to
the mining plume would be intermittent and the background
turbidity would be more important (Table 1).

Modelling

predicts that there may be statistically significant reductions
in light availability to the macroalgae, but this would occur in
relatively shallow habitats that receive relatively high
absolute light fluxes and that experience substantial natural
variability in SSC and light flux values. However, macroalgae
in continental shelf habitats have some ability to adapt to
changing light fields, as well as ability to store photosynthetic
products as stated above. It is significant that macroalgae in
shelf habitats are limited first by availability of suitable
exposed hard substrate, then by light and temperature.
Owing to flow past them, nutrients are essentially always
available,

and

can

allow

them

to

compensate

for

temporary light reductions by physiological mechanisms,
such as synthesis of pigment-protein complexes to support
faster photosynthesis.
41.

The proposed mining activity will take place over a period of
20-25 years, so it is important to consider possible permanent
effects. The underlying physical processes at work in the
Tasman Sea will not be altered by mining, so it is reasonable
to expect that their effects on sediment and biota of the STB
will continue to dominate throughout the duration. In my
opinion the optical effects of mining on primary production
by phytoplankton and by MPB will cease shortly after mining
stops, on the order of weeks at most, owing to settling and
dispersion effects. As suspended sediment from mining is fully
flushed out of the SMD region (a process predicted to take a
few months at most (Hadfield, 2013; I expect this to be an
exponential rate process) phytoplankton and

benthic

biomass and PP are expected to return to pre-mining levels
rapidly, even in the immediate vicinity of the mining site.
Given the spatially limited effects of mining throughout the
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duration, I can foresee no permanent, ecosystem-scale
effects after mining activities cease. The continental shelf
biota is well-adapted to perturbations and shifting habitat
characteristics.
42.

Modelling is a good way to generate estimates and
expected bounds of statistical certainty, but that approach
depends on the quality of the models, their inputs, and
assumptions. My review of the relevant hydrodynamic,
optical, and production models and my consultations with
the various contractors who helped develop them have
satisfied me that all relevant factors have been considered
in

light

of

the

understanding

best

of

the

available

data

and

at

work

processes

scientific
in

this

oceanographic setting. I am impressed with the thorough
and quantitatively rigorous analysis of potential mining
effects in this context. Several external peer reviews (by
AECOM, DHI and GHD) all found the sediment plume-opticsproduction modelling approaches to be sound both in
practice and in application. Moreover, those reviews
generally agreed with the model’s projections of effects’
means and variances.

Thus I am confident that the

important drivers have been considered, their effects
captured, and the likely impacts of the proposed activities
have been represented accurately.
43.

The

EPA

has

‘hydrodynamic

suggested
model’

to

creation
analyse

of
further

a

detailed
combined

turbidity/optical effects on production. AES (2016a) correctly,
in my opinion, argued that the proposed modelling would
require a sampling program at intense scales of space and
time, which would be prohibitively costly as well as unlikely, in
my opinion, to permit statistically rigorous improvement over
the current models. I note that EPA appears to be referring to
horizontal gradients as well as stratification, a vertical feature
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in its discussion of hydrodynamic effects. Given the nearbottom discharge of sediments at the mining site, the most
important

effects

of

“hydrodynamic”

features

would

therefore be in sub-surface waters. Given the generally low
SSC values predicted to result from mining at distances
>~2km from the site of active mining, one must question the
ability of such modelling to improve substantially on the
precision of what is in hand now. This would pose a very
steep challenge even for a field campaign, much less a
modelling

effort,

which

would

require

fine-scale

3-

dimensional flow, density, SSC, and optical data for the SMD.
I recommend that outputs from the proposed Baseline
Environmental Monitoring Plan (BEMP) and Environmental
Monitoring and Management Plan (EMMP) be used to assess
the adequacy of the models we have in hand before any
such new modelling effort be undertaken.

CONCLUSIONS
44.

The suspended sediment, optical effects and primary
production models developed for this analysis are robust and
based on the best available scientific information and
methodology, points with which the EPA and its consulting
organizations/peer reviewers have agreed. The impacts on
primary production and ecosystem processes dependent on
it from this project will be temporally limited, spatially limited,
occurring in an environment where physical disturbance on
much greater scales is a normal feature, and well within the
adaptive capacity of the primary producer community.
Notably, sand mining is not an inherently hazardous activity
in continental shelf ecosystems. I foresee no significant
impacts on primary production or ecosystem processes
dependent on it at any but very local and temporary scales.
The proposed sand-mining activities represent an impact to
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which continental shelf ecosystems are robustly adapted
and from which they recover rapidly.

CONDITIONS
45.

TTRL’s application includes a full set of proposed conditions. I
include comments on the conditions relevant to my area of
expertise below.

Condition 18
46.

This

condition

assumes

development

of

a

turbidity:suspended sediment correlation from the Baseline
Environmental Monitoring Programme (BEMP), and use of
turbidity as the parameter to be modelled. That is entirely
appropriate and tractable. Such correlations are typically
very strong when the dominant sediment particle size and
character are consistent in time and space. This condition
also requires operation of an OSPM in essentially real time,
which should also be feasible with modern current, wind and
turbidity sensors that telemeter data continuously. Timely
QA/QC of the data streams is important, and rapid response
in the event of instrument fouling or damage is important.

Condition 19
47.

I foresee no significant impediment to accomplishing this set
of tasks. Calibration of a model is a routine undertaking.

Condition 20
48.

Suspended solids, turbidity, diffuse attenuation coefficients,
phytoplankton biomass (as chl a), MPB biomass (as chl a),
salinity, temperature, and macronutrients, all of which I
understand to be included in the list of parameters listed in
Condition 20, are standard oceanographic parameters and
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are quite reasonable parameters to measure routinely. I note
that an ‘adverse effect’ will be determined to have
occurred if suspended sediment concentrations become
“significantly greater than” baseline levels. I suggest use of
the 95% confidence limit for mean values as a reasonably
robust and statistically sound metric.
49.

The proposed BEMP would also measure phytoplankton
biomass and taxonomic composition and MPB biomass in
the SMD along transects radiating from the mining site over a
2-year period using Before-After Gradient (BAG) modelling.
This is a sound approach both methodologically and
statistically. The data will address several key gaps in existing
knowledge, notably the lack of any in situ data on MPB in
the SMD or STB.

Conditions 21 and 22
50.

The specific undertakings provided in these two conditions
represent appropriate Quality Assurance and Quality Control
planning guidelines for development of the EMMP.

Condition 24
51.

This condition provides for design and execution of a Postextraction Monitoring Plan. I think a 4-year time frame is
certainly adequate.

Condition 25
This

condition provides

for

an

Annual

Post-extraction

Monitoring Report, including plans for continuing monitoring
and for discussion of any remediation activities. Provision for
post-extraction monitoring is appropriate.
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Dr. Lawrence Cahoon
15 December 2016
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RESEARCH CRUISES: * - Chief Scientist
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2003: R/V CAPE HATTERAS, Onslow Bay*
2001: R/V SUSAN HUDSON, Pamlico Sound/Neuse River
1999: R/V CAPE HATTERAS, Long Bay*
1999: R/V CAPE FEAR, Long Bay*
1997: R/V CAPE HATTERAS, Onslow Bay

35

1996: R/V ARGO MAINE, Stellwagen Bank*
1994: R/V CAPE HATTERAS, Onslow Bay*
R/V ARGO MAINE, Massachusetts Bay*
R/V CAPE HATTERAS, Onslow Bay*
1992: R/V WILD CARD, Florida Keys*

30

1991: R/V SEAWARD EXPLORER, Stellwagen Bank*
1989: R/V RAW BAR, Onslow Bay
1988: R/V SEAWARD EXPLORER, Onslow Bay*
1987: R/V EDWIN LINK, R/S JOHNSON SEA LINK, Onslow Bay*
1986: R/V SEAHAWK, Onslow Bay*

25

R/V SEAHAWK, Onslow Bay*
1985: R/V CAPE HATTERAS, NC Shelf*
R/V SEAHAWK, Onslow Bay*
R/V SEAHAWK, Onslow Bay

47

R/V SEAHAWK, Onslow Bay
20

R/V WESTWARD, Gulf of Maine
R/V SEAHAWK, Onslow Bay*
R/V SEAHAWK, Florida Keys
1984: R/V CAPE HATTERAS, Onslow Bay*
R/V SEAHAWK, Frying Pan Shoals

15

R/V INTERFACE, Onslow Bay*
R/V INTERFACE, Onslow Bay*
R/V INTERFACE, Onslow Bay*
1983: R/V SEAHAWK, Onslow Bay*
R/V SEAHAWK, Onslow Bay*

10

1982: R/V SEAHAWK, Onslow Bay*
R/V CAPE HATTERAS, Onslow Bay
R/V SEAHAWK, Onslow Bay*
1981: R/V CAPE HATTERAS, Onslow Bay
1979: R/V JOHN de WOLF II, Onslow Bay*

5

1978: R/V JOHN de WOLF II, Onslow Bay*
R/V JOHN de WOLF II, Chesapeake Bay*
R/V DMITRIY MENDELEEV (USSR), Peru
1977: R/V EASTWARD, Onslow Bay

1

1975: R/V EASTWARD, Onslow and Raleigh Bays

COURSES TAUGHT:
Fall, 2015: BIO 460 Limnology lecture, BIOL 460 Limnology
laboratory, BIO 601 Oceanography and Environmental
Science Seminar, MCOP 502 Coastal Ocean Science and
Policy (overload)
Spring 2015: BIO 564 (Biological Oceanography, lecture and
lab); BIO 488 (Forensic Environmental Science)
Fall 2014: BIO 460 (Limnology); BIO 460-200 (Limnology lab);
CMOP 592 (Coastal Science and Policy)
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GRADUATE STUDENT SUPERVISION:

*1. Shyn-Shin Sheen, M.S. 1985, "The effect of nutritional quality of
phytoplankton on Acartia tonsa during reproduction"
2. Donald Freeman, M.S. 1989, "The distribution and trophic
significance of benthic microalgae in Masonboro Sound, North
Carolina"
3. Craig R. Tronzo, M.S. 1989, "The ecology of demersal
zooplankton in Onslow Bay, North Carolina"
4. Debra A. Owen, M.S. 1990, "Trophic study of a shallow lake:
Lake Waccamaw, North Carolina"
5. Jacob E. Cooke, M.S. 1991, "The effect of ultraviolet radiation
on benthic microalgae"
*6. Scott Kaczynski, M.S. 1992, "A study of chromium chemistry in
natural waters: Photochemical production of trivalent chromium and
organic complexation"
7. Carrie J. Thomas, M.S. 1992, "Stable isotope analyses
differentiate between different trophic pathways supporting reef fishes"
8. Guy M. Beretich, Jr., M.S. 1992, "Comparisons of water column
and benthic chlorophylls on the eastern U.S. continental shelf"
*9. Janice E. Nearhoof, M.S. 1994, "Effects of water depth and
clarity on the distribution and relative abundance of phytoplankton
and benthic microalgae in North Carolina estuaries"
10. Cooper C. Heins, M.S. 1995, "Phytoplankton and benthic
microalgal responses to nutrient enrichment in two North Carolina tidal
creeks"
*11. Daniel E. Sigmon, M.S. 1995, "The effects of benthic
microalgae on sediment nutrient fluxes"
12. Crystal L. Tilton, M.S. 1996, "The effects of benthic microalgae
on sediment zinc accumulation"
13. Meredith E. Becker, M.S. 1996, "The effects of nutrient loading
on benthic microalgal biomass and taxonomic composition"
14. Erica D. Hubertz, M.S. 1996, "Short-term variability of water
quality parameters in two shallow estuaries in North Carolina"
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*15. Matthew McIver, M.S. 1997, "Meiobenthic copepods in three
estuarine tidal creeks with varying water quality in southeastern North
Carolina"
*16. Barbara Spudich, M.S. 1997, "Use of in vivo fluorometry as a
non-invasive, quantitative measure of zooxanthellae pigment"
17. Zhehong Ying, M.S. 1998, "Nitrogen fixation in stormwater
detention ponds and its relationship with phosphate accumulation"
*18. Timothy W. Savidge, M.S. 1998, "Teleconnections between El
Nino/Southern Oscillation events and river flow in the southeastern
United States"
19. Carrie Jo Thomas, Ph.D. 1998. Individual deposit-feeder,
community and ecosystem level controls on organic matter diagenesis
in marine benthic environments. (UNCW-NCSU Cooperative Ph.D.
Program, w/Neal Blair)
*20. Katie Laing, M.S. 1999, "Growth and elemental composition of
the calcareous green alga, Halimeda incrassata, in the Florida Keys"
21. T Christopher N. Collura, M.S. 1999, "A comparative study of
two micro-tidal creeks in New Hanover County, NC: Potential for
silicate limitation"
22. Jason C. Hales, M.S. 2001, “Tidal exchange in coastal
estuaries: Effects of development, rain, and dredging”
23. Kevin R. Rowland, M.S. 2002, “Survival of sediment-bound
fecal coliform bacteria and potential pathogens in relation to
phosphate concentration in estuarine sediments”
*24. GianLuca Manes, M.S. 2003,”The near-bottom chlorophyll a
maximum in Onslow Bay: Effects of wave events on benthic
microalgae resuspension”
25. Gina M. Panasik, M.S. 2003, “Effects of the addition of dredged
sediment to a marsh ecosystem on benthic microalgal biomass”
*26. Tara A. MacPherson, M.S. 2003, “Sediment oxygen demand
and biochemical oxygen demand: Patterns of oxygen depletion in
tidal creek sites”
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*27. Shauna N. Slingsby, M.S. 2003, “Patterns of association and
interactions

between juvenile

corals

and

macroalgae in the

Caribbean”
28. Socratis Loucaides, M.S. 2003, “Human impact on the silica
cycle: Reduction of dissolved silica inputs into the ocean as a result of
the increasing impervious cover”.
29. Emily Blalock, M.S. 2004, “The use of tilapia to remove nitrogen
and phosphorus from wastewater”.
30. Ethan Estey, M.S., 2004, “Comparison of biotic and abiotic
factors affecting soluble reactive phosphorus uptake in New Hanover
County Detention Ponds”
31. Erin S. Carey, “Effects of beach renourishment on benthic
microalgae at Carolina and Kure beaches” M.S. 2005
32. Byron R. Toothman, “Effects of phosphorus and labile organic
carbon on sediment-associated fecal indictor bacteria” M.S., 2006
*33. Stephen M.K. Gill, “Phosphorus liberation by aquatic
microorganisms”, M.S., 2006
34. Michelle L. Ortwine, “The impacts of rainfall runoff on tidal
creek algal and bacterial production”, M.S. 2007
35.

Renee

N.

Harrington,

“Investigation

of

microbial

contamination of sediment and water at boat ramps”, M.S. 2007
*36. Yosef Shirazi, “Removal rates and substrate effects on fecal
bacteria in a constructed stormwater wetland”, M.S., 2011
37. Kelly Jo Stull, “Zooplankton abundance in the surf zone of
renourished beaches in southeastern North Carolina”, M.S., 2011
38. William McBurney, “Physical parameters driving subtidal
microphytobenthos

primary

production

in

southeastern

North

Carolina estuaries”, M.S., 2013.
39.

Erin

Udvare,

“Effects

of

sediment

composition

on

microphytobenthic biomass”, M.S. Marine Science 2014.
*40. Kalman Bugica, “Seasonal survey of factors affecting surf
zone phytoplankton production”, M.S. Marine Biology 2015
41. Madison E. Polera, “Microcystis in the Cape Fear River:
When, Where and Why?”, M.S. Marine Biology 2016

51

*42. Abeer Fahad B. Alotaibi, “The effects of temperature,
nutrient availability, and dispersant on the metabolism of crude oil biodegraders”, M.S. Marine Biology 2016
43.

David

COMPOUNDS

Huffman,
TO

USING

IDENTIFY

ANTHROPOGENIC

HUMAN

SOURCES

CONTAMINATION, M.S., Marine Science (’13-)

*- students admitted originally by another faculty member.
Current students:

Troy Alphin (Ph.D., Marine Biology) (’06-)
Byron Toothman (Ph.D., Marine Biology, ’11-)
LeRoy Humphries (Ph.D., Marine Biology) (’15-)
Travis Nelson, M.S. Marine Science (’14-)
Daniella Daniels, M.S. Marine Biology (’15-)
Adam Chaffin, M.S., Marine Science (’16-)
Justin Bashaw, M.S., Marine Biology *(16-)

GRADUATE COMMITTEES:
1

Dewey Lewis, M.S. 1985
Ed Walser, M.S. 1985
Ray Brandi, M.S. 1986
Annette Taylor, M.S. 1986

5

Walter Pollard, M.S. 1987
Randy Lennon, M.S. 1988
David Meyer, M.S. 1988
John Kucklick, M.S. 1988
John Tinsley, M.S. 1989

10

Mike Shipley, M.S. 1989
Connie Redmann, M.S. 1989
Brooks Avery, M.S. 1989
Hal Bain, M.S. 1989
Sandra Burk, M.S. 1990

15

Stephania Bolden, M.S. 1990

CHEMICAL
OF

FECAL
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Lisa Pike, M.S. 1991
Paul Donaldson, M.S. 1991
Patricia Donovan-Potts, M.S. 1993
Lawrence Settle, M.S. 1993
20

Robert Toonen, M.S. 1993
Robert Miltner, M.S. 1993
Cartier Esham, M.S. 1994
Eric Barbee, M.S. 1994
Lynn Stemmy, M.S. 1995

25

Michael Hosey, M.S. 1997
David Swearingen, M.S. 1996
Francisco Leyva, M.S. 1996
Frank Hernandez, M.S. 1996
Matt Dunlap, M.S. 1997

30

Amy Norris, M.S. 1997
John Michael Johnson, M.S. 1998
Troy Alphin, M.S. 1998
Julianne Haddad, M.S. 1998
Christian Preziosi, M.S. 1998

35

John Rhoads, M.S. 1998
Tamara Connelly (Chemistry), M.S., 1997
Shelia Greene (Chemistry), M.S., 1997
Andrea Li (Chemistry), M.S. 1996
Jacquie Hilterman (Earth Sciences), M.S., 1998

40

Brett Waddell, M.S., 1999
Sebastian Engel, M.S., 2000
Robert Gamble, M.S., 1999
DAVID WELLS, M.S., 2001
Mandy Tzannis (Chemistry), M.S., 2000

45

Jonathan Hartsell, M.S. 2002
Susan Avau (Earth Sciences), M.S. 2001
Andrea Quattrini, M.S. 2002
Audra Luscher, M.S. 2004
Meredith Owens, M.S. 2003

53

50

Thomas Molesky, M.S. 2003
Kim Cressman, M.S. 2003
Leslie Bradshaw, M.S. 2005
Virginia Johnson, M.S. 2005
AMANDA KAHN, M.S. 2004

55

DORIEN MCGEE, M.S. 2005
Elizabeth (Fay) Belshe, M.S. 2005
Heather Young, M.S. 2005
Carlos Zavalaga, Ph.D. 2008
Steve Artabanes, M.S. 2006

60

Amanda Kahn, Ph.D., 2008
Joseph Clay Morris, M.S. 2007
Edward DuRant, M.S. 2008
Kim Duernberger, M.S., 2009
Tyler Cyronak, M.S., 2007
65

Meghan Chafee, M.S. 2008

Charles Wilson, M.S.
Matt Hirsch, M.S., 2010
Joann Kelly, M.S. 2009
Jessica Lisa, Ph.D.
70

Rebecka Brasso, Ph.D. 2014

71

Anne Arfken, M.S. 2011

72

Andrew Long, M.S., 2011

73

Elizabeth Steffy, M.S. 2012

74

Cory Darnell, M.S. (Geology), 2012

75

Jennifer McClain-Counts, M.S., 2010

76

Alyssa Wetterauer, M.S. 2012

77

James Taylor, M.S. 2012

78

Andrew Long, M.S. 2011

79

John Majeski, M.S. 2013

80

Lauren Bohrer, M.S. 2016

81

Heather Manching, M.S., 2013

82

Aaron Ramus, M.S. 2014
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83

Nate Gavin, Ph.D.

84

Anna Robuck, M.S., 2015

85

Emily Oxe, M.S. Biology, 2014

86

Heather Stoker, M.S. 2015

87

Justin Bashaw, M.S.

88

Jade Burchett, M.S. Marine Science, 2016

89

Lauren Patterson, M.S.

90

Nick Iraola, M.S. Marine Science

Member, EPA Environmental Biology Panel, 1990-2002

NORTH CAROLINA ACADEMY OF SCIENCE:

Managing Editor, J. North Carolina Academy of Science, 2001-2011
Chair, Steering Committee: 1996-2006
PAST PRESIDENT: 1995-1996
PRESIDENT: 1994-1995
PRESIDENT-ELECT: 1993-1994
VICE-PRESIDENT: 1992-1993
CHAIR: Public Affairs and Policy Committee, 1991-1992, reappointed,
1992-1993
CHAIR: ad hoc committee on Mobil Oil proposal for NCAS, 1990-1991
Member of NCAS Board of Directors, 1991-2006
Session Chair (Zoology Section), NCAS annual meeting, 1993
Judge, student papers, NCAS meeting, 1993, 2000, 2001
Member, NCAS Science and Math Education Committee, 1991-1994
CIVIC AND COMMUNITY SERVICE:
Member,

Legislative

Study

Subcommittee

on

offshore

energy

exploration, 2009-2010
Member, OCEAN POLICY STEERING COMMITTEE (NC Division of
Coastal Management), 2008
Member, Board of Directors, Cape Fear River Watch, 2007Appointed Chair, NC Ocean Resources Task Force, 1993-1996
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Marine Ecologist, N.C. Ocean Resources Task Force, Appointed: 1992Subcommittee Chair: GIS mapping project
GUBERNATORIAL APPOINTEE:
North Carolina Ocean Affairs Council, 1991-1993
Chair, Committee on Ocean Resources Planning
North Carolina Marine Science Council, 1985-1991
Chair, Planning Committee, 1988
Chair, Policy Committee, 1989
Chair, Issues Planning Committee, 1990-1991

