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EXECUTIVE SUMMARY

Adverse biological responses can result from many different types of stressors. Abnormal
development has been observed in response to naturally occurring changes in water quality (e.g.,
salinity, temperature, dissolved oxygen, and pH), exposure to ultraviolet light and to air during
tidal extremes, as well as to anthropogenic stressors such as oil and chemicals in urban runoff; in
addition, reduced viability of fertilized embryos has been related to the condition of gametes at
spawn. The experimental studies conducted on the development of Pacific herring embryos in
2008, approximately three to four months after the Cosco Busan Oil (CBO) Spill did not show a
CBO chemical exposure. In 2009, CBO experimental exposure arrays resulted in a diagnostic
chemical signature in the developing embryos at all exposure concentrations ranging from high to
low that was not observed in the embryos collected in 2008. Thus the observation of adverse
responses made in 2008 for the natural spawning assessments occurred in the absence of CBO
exposure; the artificially spawned larvae exhibited no adverse effects. The 2009 laboratory
studies were however, also unable to demonstrate a relationship between other potential
stressors and the adverse effects because of the presence of laboratory and measurement
artifacts. In 2010, an experiment was developed to evaluate the potential impact of 2008
environmental stressors on developing embryos of Pacific herring.

This study was designed to provide a controlled laboratory assessment where the environment
mimicked the 2008 field conditions. The environmental stressors evaluated were 1) donor fish
condition and health of gametes, 2) fluctuating temperature and salinity defined by data collected
by NOAA/BML to match two locations within the range of spawning activities, 3) the presence of
UV light, and 4) the influence of aerial exposure that occurs during periods of intertidal stranding.
In the 2010 laboratory studies there was no oil exposure. These conditions were effectively
mimicked except the intertidal stranding which probably underrepresented the actual conditions
during the 2008 development of herring eggs.

The 2010 experiments demonstrated that all of the abnormalities observed in the 2008
assessment were also found in 2010 under exposure to environmental variables but not to oil.
We developed a repeatable method of distinguishing and measuring pericardial and yolk sac
edema which also matched our qualitative assessments. These measurements and assessments
of edema were developed on the 2010 data and then applied on the 2009 and 2008 images
provided by NOAA/BML. All measurements were conducted on randomized sample designations
so that assessment and measurement staff were blind to any experimental treatment
information. Note that all larvae assessed hatched naturally (were not dechorionated) and
therefore these descriptions refer to apparent development at hatch.

This quantitative assessment of types of edema demonstrated that pericardial edema, while
present to a large degree in the 2009 experimental oiling experiments was only incidentally
present in the 2008 and the 2010 assessments. Pericardial edema was only observed in larvae
that had gross body axis defects where separation of pericardial and yolk sac edema was not
feasible or appropriate.

Adverse effects were identified in association with each of the potential contributing factors that
were examined. Significant yolk sac edema, body axis defects, and disruption of early
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development occurred in the absence of petroleum contamination and in the presence of non-
chemical based stressors. We also determined that there are significant problems with the
assessment of dechorionation of developing embryos, especially on organisms that have
undergone natural spawning and that represent very different developmental ages.

The combination of observations from the 2008, 2009, and 2010 studies provides a petroleum
based chemical signature that demonstrates exposure as well as a biological signature of the type
of stressor that appears to be involved with the creation of the defect in development. These
conclusions are summarized in the following table.

Chemical Signature Stressor Type Biological Response
Low percentage of body axis defects (~2% major and
. <5% less obvious); combination of pericardial and
Population

yolk sac edema only in major body axis defect
individuals

High early mortality (<48h); those that survive have a

(CBO). Relative
contribution of
chemical
components of
complex mixtures

Chemical Stressors
(petroleum, TBT, Cu,
algal)

Without Exposure to | Gamete Condition hiah f | hatch

0il (CBO) ig pe_rce_ntage of norma _atc
uv Higher incidence of body axis defects (BAD)
Increased Temperature | Increased incidence and intensity of yolk sac edema
Intertidal/estuarine Increased incidence and intensity of yolk sac edema;
fluctuating stressors no pericardial edema except in individuals with major
(salinity/air exposure) body axis defects

With Exposure to Qil

Pericardial edema often combined with yolk sac
edema and other adverse responses as exposure
increases

create tissue
signature of exposure
— 2009 Oil Generator
Column Studies

The examination of observations from the 2008, 2009, and 2010 studies led to the conclusion that
combination of fluctuating temperature and salinity, with UV exposure and some degree of aerial
exposure of the developing embryos and the developmental condition of the adult spawning fish
and their gametes were the cause of abnormalities observed in 2008. The adverse biological
effects, particularly a higher incidence of yolk sac edema and a low incidence of pericardial edema
for naturally spawned larvae in 2008 were the same as the response by larvae exposed to
multiple environmental stressors in the absence of petroleum contamination during the 2010
environmental stressor laboratory study.

A companion report “Framework for Assessment of Causal Relationships between Early Life Stage
Developmental Anomalies of Clupea pallasi and Cosco Busan Oil” provides an assessment
framework for evaluating the body work for conducted relative to the CB QOil Spill (NewFields
2010c). This report uses an inference framework to compare all data collected relative to CBO
and larval development with effects-based literature summaries to make conclusions.
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I 1 INTRODUCTION

A program was initiated cooperatively between the state and federal trustees and the responsible
party in 2008 to assess the injury to Pacific herring (Clupea pallasi) derived from the aftermath of
the Cosco Busan Oil Spill (CBOS). Because of the known toxicity of crude and refined oils to
herring eggs (Linden et al. 1978, 1980, Smith and Cameron 1979, Pearson et al. 1985, 1995, 1999,
Carls et al. 1999, 2002) and the intertidal and shallow subtidal distribution of San Francisco Bay
herring eggs, herring eggs in the central San Francisco Bay were considered at risk for injury
derived from the oil spill. Two lines of investigation were initiated in the 2008 herring spawning
season: 1) Artificially spawned herring embryos were deployed in cages at six locations within the
central Bay to test effects that occurred during embryogenesis as a result of potential exposure to
oil residuals from CBOS; and, 2) Naturally spawned embryos were collected from four central bay
sites and subsequently incubated under laboratory conditions to examine direct effects caused by
the CBOS that had stranded or impacted those locations prior to herring spawning activity
(NOAA/BML 2008, Incardona 2008). Two additional studies were conducted following the
NOAA/BML investigations. The first focused on the analytical chemical data generated by
collection of water, egg tissues, and sediment from the designated sites of concern as well as
reference sites with the Bay (NewFields 2009a). This examination of analytical chemistry
produced a data quality assurance assessment, a chemical fingerprint assessment, and statistical
analyses of the chemistry data associated with the NOAA/BML study (Douglas 2008). The second
study re-examined a subset of the digital imagery taken during the NOAA/BML study of artificially
spawned and naturally spawned embryos (NewFields 2009b and 2010) to verify the biological
effects observed.

The salient outcomes concerning injury to herring culminating from these studies are the
following:
i The pattern of the biological effects observed in the naturally spawned embryos does not
match that expected from exposure to petrogenic PAHSs.
i The levels of PAHs in intertidal eggs in 2008 were quite low compared to those in other
studies that did elicit abnormalities and the intertidal eggs had no CBO signature.

Without a demonstrated exposure pathway, the adverse effects could not be attributed to CBO.
A series of experiments were conducted in 2009 to test the hypothesis that exposure to oil or a
combination of oil and UV would induce the same lethality and abnormalities evident in naturally
spawned embryos collected from several sites in the central Bay in 2008 without a recognizable
CBO chemical signature. An array of treatment chambers directly receiving seawater from three
concentrations of CBO laden gravel was set up outdoors with and without UV exposure. Four
experiments were conducted using the same oil generator columns representing increased oil
weathering over time, but under somewhat varying experimental conditions. Alaska North Slope
oil was tested during the first three experiments. The results of these laboratory experiments
demonstrated that CBO oil exposure provides an identifiable chemical signature in both water
and egg tissues even though the data were compromised by other identified contributing factors
(NF 2010). However, the CBO signature demonstrated by 2009 analytical chemistry was not
evident in chemical profiles from 2008. After an assessment of causal relationships, several
potential causes to the observed 2008 effects were discounted (Pearson 2009), and only two
hypotheses remained:

1) An unmeasured CBO component combined with ultraviolet (UV) radiation may have
caused the decreased hatching success in 2008, and
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2) A combination of environmental stressors including variable salinity, temperature, UV
transmittance, and donor fish condition may have contributed to the effects.

Hypothesis 1 was discounted because the absence of a chemical signature, diagnostic of CBO
exposure also negates the idea that an unmeasured chemical in CBO was available and influenced
the development of the embryos. A laboratory study was designed to test the second hypothesis.
To evaluate the potential contribution of environmental factors on disruptions to normal
development of Pacific herring embryos, laboratory experiments were set up to mimic fluctuating
field conditions encountered during the 2008 spawning season. Two locations were selected
within San Francisco Bay: Point San Quentin was chosen to represent average conditions in the
north central part of the San Francisco Bay, and Peninsula Point was selected to represent
conditions in the south central part of the bay. The experiment was conducted at the NewFields
Environmental Laboratory at Port Gamble WA. This facility was selected because it can provide
clean seawater for continuous flow experiments and has the technical capability to precisely
achieve the variations in temperature and salinity conditions required for this experiment. The
following report details the objectives, laboratory and data analytical methods, statistical
evaluation and results of this testing effort.

The conclusions regarding the impacts of CBO oil to developing herring embryo are provided in a
companion report prepared by NewFields (2010c). This report is a decision framework with the
rationale for interpreting causal relationships between developing herring larvae and any adverse
effects related to CBO or other contributing environmental factors.
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I 2 STUDY DESIGN BASED ON 2008 FIELD CONDITIONS

This laboratory study was designed to demonstrate the extent to which factors such as
temperature, salinity, ultra-violet (UV) light, aerial exposure, and age of the donor fish and
condition of gametes contribute to abnormal embryonic development of Pacific herring. The
temperature and salinity regimes in San Francisco Bay relevant to the 2008 spawning events were
examined and the laboratory experiments were designed to reproduce the patterns of
temperature and salinity fluctuations observed in the field during the spawn incubation to
evaluate effects caused during embryogenesis. Additionally, possible effects of UV and aerial
exposure were also considered.

2.1 2008 TEMPERATURE, SALINITY, AND TIDAL DATA SOURCES

Data loggers deployed by the NOAA/BML team provided information on the temperature and
salinity in the shallow subtidal zones at Sites Point San Quentin (PSQ), Horseshoe Cove (HC),
Peninsula Point (PP), Sausalito (SA), and Keil Cove (KC) (Appendix A). The data logger at San
Rafael Bay failed to return data (NOAA/BML 2008). Verified water levels at the Crissy Field Wharf
in San Francisco provided information on the tidal levels present during the spawning events
(Appendix A). The time series of plots were adjusted using the predicted times of tides nearest
the site of interest. Meteorological records provided information on air temperatures in San
Francisco during the 2008 spawning event (Appendix A). Some limited data were available on the
seawater temperature and salinity from water quality studies of San Francisco Bay (USGS 2010).
The tidal level records provided estimates of the time periods for aerial exposure. Because the
NOAA/BML team collected eggs on macroalgae from approximately +1 ft MLLW to O ft MLLW,
time of aerial exposure was estimated from the time when the tidal level fell below 1+ ft MLLW to
the time when the level returned to +1 ft MLLW. Plots of temperature, salinity, and tidal level
were examined to discern similarities and differences in regimes among the sites.

2.2 TEMPERATURE AND SALINITY PATTERNS AT THE SITES FOR THE 2008 COLLECTION OF NATURAL SPAWN

The sites from the west side of Richardson Bay (SA) to the east side of Richardson Bay (PP) to Keil
Cove (KC) to the reference site near San Rafael Bay (PSQ) show a gradient from Richardson Bay
where salinity varies from 22 to 30 psu with the tides to the upper bay site where salinity varies
from 11 to 26 psu under the influence of riverine flow from the Sacramento River.

The temperature and salinity regime at PSQ differed substantially from those at SA, PP, and KC
(Figure 2-1). The PSQ regime showed not only some influence of tidal cycles but also influence
from variations in river flow into the upper bay.

At the Sausalito site, the data record clearly shows that salinities of about 24 psu prevailed at low
tides and then increase to salinities of 26 to 27 psu at high tides. Water temperatures were about
11°C but warmed to around 12°C at the lower low tides when the water column was
approximately 2 or 3 feet over the sensor. Peninsula Point salinity cycles were more heavily
coupled to the tidal height, and the variation in salinity was much wider. At higher high tides,
salinity approached or slightly exceeded 30 psu, and at low tides salinity was approximately 24 to
25 psu. Water temperature was fairly steady at around 11°C, but at the lower low tide the water
warmed up by about 3°C in a few hours. Keil Cove cycles of salinity and temperature were similar
in pattern to those at PP but showed sharp drops in salinity down to 20 to 22 psu at lower low
water levels. At higher high water levels, salinities were about 28 to almost 30 psu. Water
temperature ranged from 10.5 to 11°C and warmed at the lower low tide to about 12°C. At the
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northern-most bay site, Point San Quentin, the salinity regime was dominated by river flow and
switched between low salinity (10 to 15 psu) and higher salinity (20 to 25 psu). The salinity at PSQ
did not rise above 25 psu as seen in the sites in and near Richardson Bay. Water temperature was
fairly constant at about 11°C and warmed slightly at lower low tide.

2.3 ESTIMATION OF AIR EXPOSURE AND AIR TEMPERATURE AT TIME OF EXPOSURE

Due to the tidal cycles and the variation in elevation of natural spawn transects compared to sea
level, it is likely that the substrates for some of the eggs were out of the water for periods of time.
Unseasonably high temperatures were also recorded in the few days prior to and during field
collection and transport of spawned eggs to the laboratory (Table 2-1, Figure 2-1). The high
temperatures began the day the spawned eggs were collected at San Rafael. Thus, these eggs
were not subjected to the same extremes as the other sites. The high air temperatures combined
with low tides indicated that eggs were exposed to extreme conditions for 0.5 to 5.5 hours per
day.

Table 2-1. Air Temperatures for 2008 Spawning Period.

Herring Spawn : Air Temperature (°F)" Air Temperature (°C)

Dale or Sampling Focalion Max Min Mean Max Min | Mean
16-Feb-08 61 46 54 16.1 7.8 12.2
17-Feb-08 Spawn SRB 55 45 50 12.8 7.2 10.0
18-Feb-08 Spawn SRB 56 47 52 13.3 8.3 11.1
19-Feb-08 Spawn SRB 53 48 51 11.7 8.9 10.6
20-Feb-08 Spawn SA, PP, KC 59 48 54 15.0 8.9 12.2
21-Feb-08 Spawn SA, PP, KC 58 49 54 14.4 9.4 12.2
22-Feb-08 Spawn SA, PP, KC 55 47 51 12.8 8.3 10.6
23-Feb-08 54 45 50 12.2 7.2 10.0
24-Feb-08 58 45 52 14.4 7.2 11.1
25-Feb-08 58 49 54 14.4 9.4 12.2
26-Feb-08 Sampling SRB 66 48 57 18.9 8.9 13.9
27-Feb-08 Sampling SA 67 51 59 19.4 106 | 15.0
28-Feb-08 Sampling KC 70 48 59 21.1 8.9 15.0
29-Feb-08 Sampling PP 58 48 53 14.4 8.9 11.7

"Air Temperatures (°F) from NOAA Climatological Data (NOAA) for San Francisco Downtown
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Figure 2-1. Temperature, Salinity, and Tidal Data from 2008 Spawning Period.
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2.4 IDENTIFICATION OF SCENARIOS FOR THE 2010 EXPERIMENTAL STUDIES

The conditions at the various natural spawn locations were used as a basis for the design of the
2010 laboratory study. The salinity regimes at Point San Quentin and at Peninsula Point were
used to structure the salinity and temperature changes in the laboratory. The scenario based on
Peninsula Point (Treatment A) had one set of replicates also exposed to higher temperatures and
air exposure (Treatment A-TS) to mimic beach stranding. Treatment B mirrored field conditions at
Point San Quentin. The laboratory conditions and schedule of salinity and temperature changes
are described in detail in Section 3.6.

2.5  UNCERTAINTIES ASSOCIATED WITH THE LABORATORY SCENARIOS RELATIVE TO ACTUAL CONDITIONS IN
2008

The data from the loggers were not ideally matched to the actual exposure dates but were
sufficient to discern that the temperature and salinity at PSQ in the reference area was
substantially different than those at the three potentially oiled sites (SA, PP, and KC). There was
some uncertainty about precise tidal height sampled in the collection of natural spawn in 2008;
however, examination of macro-algal species collected as egg substrate showed macro-algal
species that are characteristic of the low intertidal zone. To take this into account, Treatment A
included both an exposure simulating complete submersion and the thermal shock and air
exposure (A-TS). Some of the conditions in the 2010 laboratory design may have been less harsh
than those in the field. For example, the duration of exposure of Treatment A-TS to air and higher
temperatures was likely shorter than actual field conditions. It is unlikely from the data records
that actual conditions were more benign than in the study design.
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I 3 FIELD SAMPLING AND LABORATORY METHODS

3.1  COLLECTION OF CLUPEA PALLASI

Pacific Herring were collected from San Francisco Bay between February 19 and 24, 2010 by
NewFields staff on a small vessel owned and operated by John Brezina. Collection of fish and
subsequent harvesting of gonads followed a protocol adapted from Dr. Paul Dinnel (Dinnel et al.
2007; pers comm. 2010). The modified protocol is provided in Appendix B. Gonads were
obtained from adult donor fish in two different size groups: approximately 160 mm in length
(smaller fish) and 180 mm in length (larger fish).

Two previous spawning events had occurred in central San Francisco Bay in 2010 before the
NewFields collection of spawning adults. At the time of collection, adult herring were visible in
large numbers and eggs could be seen on the shorelines in Richardson Bay and along the Tiburon
peninsula, extending north to the San Rafael Bridge. A general search was conducted throughout
central San Francisco Bay, and adult herring were located by visual observation of the shoreline,
bird and mammal feeding activity, and by using an electronic Fish Finder on the boat. Figure 3-1
illustrates birds gathering to feed which usually indicates the location of schooling fish.

Figure 3-1. Feeding Birds Indicating Potential Herring Spawning Site.

This third spawning event was smaller and no eggs were visible on shorelines. Adults were only
detected between Angel Island and Sausalito, where they gathered in a large school at
approximately 60’ below the surface. A trickle spawn event occurred in Richardson Bay in which
small groups of herring sporadically came into the shallow bay to reproduce (Figure 3-2). Adult
herring were collected in Richardson Bay as they came in to spawn. A search of central San
Francisco Bay was conducted daily, but adult herring were only observed in the large school just
outside Richardson Bay. The school remained at a depth of about 60’ throughout the collection
period and continued to trickle spawn in Richardson Bay throughout the week. All adults were
collected from this site.
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The site fell between the following
GPS coordinates: 37° 52.315" N,
122° 28.672' W and 37° 52.172’ N,
122° 28.710" W (Figure 3-2); the
square on the map marks the site.
Water depth ranged from 5.5 —
12.5 feet MLLW at the site, and
salinity and water temperature
were measured daily (Table 3-1).

Individual fish were caught from
the site using a fishing rod with a
Sabiki rig lure. Each adult herring
was tagged with a unique
collection number and photo-
graphed on a measuring board
(Figure 3-3). The collection
number referenced the collection
site (RB = Richardson Bay), the
collection date, and the fish
number by day. Gender, standard

Figure 3-2. Map of Richardson Bay.

length (snout to caudal peduncle), total length (snout to posterior tip of tail fin), and time of
collection were recorded in the field collection notebook.

Table 3-1. Salinity and Temperature at Richardson Bay Collection Site.

Date Salinity (ppt) Temperature (°C)
2/19/10 23.0 12.0
2/20/10 24.0 13.0
2/22/10 22.0 115
2/23/10 22.5 12.0
2/24/10 25.5 115

Gonads from a total of 61 adult herring were collected from San Francisco Bay during the

sampling period. Gonads were removed
immediately. An incision was made with a
scalpel starting at the ovipositor and
extending to the gills; gonads were located
and gently placed into individual glass Petri
dishes and labeled with their unique
collection numbers (Figure 3-4). The
circumference of each Petri dish was
wrapped with parafilm and secured with
clear tape to seal in moisture. Dishes were
then wrapped in bubble wrap and placed in
an ice chest with frozen “blue ice” packets
with newspaper layered between the ice

Figure 3-3. Photographic record of fish collected with
gender (F = female), unique sample nhumber, and

standard length.
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and the petri dishes to protect the gonads from becoming too cold. When possible, gonads were
shipped on the collection day via FedEx for overnight delivery. Some gonads were held in a
refrigerator over the weekend which ranged from 2 — 5 °C. A chain of custody was included with

each shipment.

Figure 3-4. Photograph of Herring Ovaries (Left) And Herring Testes (Right) Removed From Fish.

Fish were received at the NewFields laboratory between February 22-24, 2010, a subset were
shipped to Alpha Analytical in Mansfield, Massachusetts for background PAH tissue analysis (data
provided in Section 0 of this report). Gonads were stored in a walk-in cold room at approximately
4 °C until test initiation. Table 3-2 provides a summary of the fish collection information and
subsequent use of gametes for testing.

Table 3-2. Summary of Fish Used for Chemical Analysis or Fertilization

Subsample
Fish ID Collection Ger)der/Donor Sm;?r:d LL?}S’;L Submittgd %22:5;5?
Date Size Group for Chemical L
(mm) (mm) . Fertilization
Analysis
RB022210.18 | 2/22/10 Male/Larger 170 196 2/24/10 2/26/10
RB022210.10 | 2/22/10 Male/Larger 173 201 2/24/10 2/26/10
RB022310.08 | 2/23/10 Male/Larger 172 193 2/24/10 2/26/10
RB022310.07 | 2/23/10 Female/Larger 177 202 2/24/10 2/26/10
RB022410.01 | 2/24/10 Female/Larger 173 200 2/24/10 2/26/10
RB022210.04 | 2/22/10 Male/Smaller 158 182 2/24/10 2/26/10
RB022210.13 | 2/22/10 Male/Smaller 169 192 2/24/10 2/26/10
RB022210.12 | 2/22/10 Male/Smaller 155 176 2/24/10 2/26/10
RB022210.06 | 2/22/10 Male/Smaller 157 179 2/24/10 2/26/10
RB022210.02 | 2/22/10 | Female/Smaller 146 167 2/24/10 2/26/10
RB022210.11 | 2/22/10 Female/Smaller 168 194 2/24/10 2/26/10
RB022210.21 | 2/22/10 | Female/Smaller 160 181 2/24/10 2/26/10
RB022010.10 | 2/20/10 Female/Smaller 152 173 2/24/10 2/26/10
RB022010.22 | 2/20/10 | Female/Smaller 159 180 2/24/10 2/26/10
3.2 SlIzE OF DONOR FISH

Two different sized groups of donor fish were used for this study in order to compare relative
hatching success of two age classes. Other researchers have shown that differences in overall
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spawning success may be related to health or size of the spawning adults (Hershberger et al
2005). Size of the spawning adults was also implicated as a causative factor of observed adverse
effects from the 2009 laboratory study conducted by NOAA (NewrFields 2010a). Therefore, size
was added as one of the treatment variable within this study. In the larger size group, testes from
three males and eggs from two females were included; in the smaller group, gametes from four
males and five females were used in the experiment (Table 3-2).

3.3 FERTILIZATION AND TEST INITIATION

The experiment was initiated on February 26, 2010. Dr. Paul Dinnel, noted herring expert from
Western Washington University, aided NewFields staff in identifying healthy, viable gonads for
use in testing. General procedures for fertilization followed the methods developed by Dr. Dinnel
for herring larvae (Dinnel, 2002 — 2010). The protocol used for this experiment is provided in
Appendix C.

The success of herring embryo tests is influenced by the condition of the gonads, and late stage V
to VI adults, termed as “running ripe,” are considered ideal (Dinnel 2010, in prep). Running ripe
fish have gametes that are easily expressed from the oviducts. Testes and ovaries were chosen
based on size; larger gonads were considered more mature and viable. Ovaries were selected
based on apparent egg quality. A general fluidity of eggs is associated with more viable eggs,
while ovaries with rubbery masses of eggs are considered less viable. Eggs should be fluid enough
to separate them from each other during fertilization. Eggs that have flowed out of the ovary are
considered healthy, while those that are hard to extract are most likely not fully ripe. When
possible, gonads were selected based on these criteria.

Control test water was prepared with 0.45 um filtered seawater from Hood Canal Bay,
Washington and diluted with deionized water to create test water at fertilization test conditions
of 16 ppt and 12°C, noted by other researchers to be optimal conditions for herring embryos in
San Francisco Bay (salinity: Cherr and Pillai 1994; Griffin et al. 2004; temperature: Dinnel et al.

A B

Figure 3-5. Researcher Introducing Macerated Tissue to Beaker with Clean Seawater (A);
Close-Up of Macerated Testes (B).
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2008; Vines et al. 2000; Alderdice and Velsen 1971). For each age class 100 mL of control test
water was poured into a clean 250 mL beaker. A new, clean razor blade was used to cut a 4 cm?
piece of testis from the posterior portion of the organ (Figure 3-5). Each section was placed in a
Petri dish containing control test water and macerated with the razor blade until a milky sperm
solution was achieved. This water was added to the 250 mL beaker, and any leftover solid tissue
still remaining in the beaker was removed. This step was repeated for each testis in the given
donor size group, and all sperm for each size group was pooled together in the 250 mL beakers.

Approximately 500 mL of test water was subsequently poured into Pyrex® baking dishes for each
test at the appropriate fertilization conditions (16 ppt, 22 ppt, or 28 ppt at 12 °C). Glass slides
were placed on the bottom of the baking dishes. The sperm solution was homogenized by gently
swirling the beaker, and approximately 20 mL of solution was added to each dish to provide
sufficient gametes for fertilization.

Eggs were then extracted by cutting the mesovarium of each ovary open with fine tipped scissors
to uncover the eggs. A Teflon™-coated spatula was used to scoop eggs from the ovaries. Eggs
were transferred to the baking dishes by using a gentle, side-to-side sweeping motion to evenly
distribute single eggs onto the glass slides. The spatula was wiped with a Kimwipe™ after each
submersion into the dishes containing sperm. Care was taken to avoid allowing clusters of eggs to
gather on the slides, and the ultimate goal was to collect approximately 100 single eggs on each
slide. Four replicate slides were prepared for the tests as indicated in Table 3-3; three replicates
for the test design while the fourth replicate was used for daily assessments to minimize handling
of the test replicates.
Table 3-3. Number of Replicates Fertilized per Test Treatment.

Larger Donor Size Group Slides (L) | Smaller Donor Size Group Slides (S)
Treatment Salinity Salinity
16 ppt 22 ppt 28 ppt 16 ppt 22 ppt 28 ppt
A 4 4 4 4
A-TS 4 4
B 4 4
Control 4 4
Cuv 4 4

Once distribution of eggs onto slides was complete, baking dishes with slides were placed in water
baths at 12 °C, covered, and fertilization was allowed to occur over a 30 minute period. The
fertilization water was then carefully decanted, and slides were gently rinsed with water at the
appropriate test salinity. A qualitative review of the eggs for a distinct fertilization membrane was
conducted by Dr. Dinnel. Based on this cursory review it was determined that the overall
fertilization rate was acceptable for continuing with the experiment. The slides were then placed
into test chambers using forceps (Figure 3-6).
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A B

Figure 3-6. Slide Containing Fertilized Eggs (A); Researcher Placing Slide into Screen Tube (B)
Chamber.

3.4 TEST SETUP

Test chambers consisted of eight screen tubes suspended from a plexiglass frame mounted on the
top of a 10 L aquarium. The screen tubes were made from polycarbonate tubes with one end
capped with a 1 millmeter mesh screen. The tubes were approximately 5 to 6 in. long with a 2 in
diameter. Screen tubes were constructed of two tubes and connected with a mesh screen collar
and zip ties. The mesh screen was secured to the bottom of one end of the individual tube and
secured with a fitted sleeve. Screen tubes were suspended above the bottom surface of the
aquarium at a depth which ensured 150 mL (85 mm depth) of water remained in each tube. The
water passed through an entry port on one end of the aquarium and exited through a port
located on the opposite side of the tank. Figure 3-7 shows the test setup.

Figure 3-7. Test Chamber with Nytex Screen and Aquaria Housing Slide Chambers.

One glass slide with fertilized eggs was placed into each screen tube. Tubes in each aquarium
were labeled in a pre-determined random order mixing the two size classes to avoid a placement
effect. Samples of Treatment A-16 (16 ppt fertilization) and A-28 (28 ppt fertilization) were
randomly placed in two aquaria while all other treatments occupied one aquarium each (A-TS, B-
22, Control, and CUV).

Aquaria were placed in water bath tables to prevent ambient room temperature from affecting
test temperatures. Trickle flow aeration was provided to each tank. A Hobo temperature
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monitor was placed in each aquarium to monitor temperatures continuously throughout the test.
Additionally, YSI water quality probes placed in each aquarium recorded temperatures and
salinities during the test. Data collected from the Hobo and YSI monitors were downloaded and
the data was used to ensure salinity and temperature profiles during testing followed the study
design. Water quality including dissolved oxygen, pH, temperature, and salinity was measured in
each aquarium daily. Target measurements are presented in Table 3-4.

Table 3-4. Water Quality Target Limits.

Treatment DIEEIES BT pH Salinity (ppt) Temperature (°C)
(mg/L)
A-16
A-28 >4.8 6-9 Per treatment protocol (see Section 3.6)
A-TS
B-22 >4.8 6-9 Per treatment protocol (see Section 3.6)
Control >4.8 6-9 16 12
CUV >4.8 6-9 16 12

3.5  SAMPLE IDENTIFICATION

This was a blind study in which the assessment teams during and after the experiment did not
know from which treatment any given slide, hatched larvae, or image originated. To achieve this,
each replicate slide was assigned a unique number code. Colored tape with the number codes
were placed on the top of the plexiglass frames next to their respective screen tubes at test
initiation. A label with the corresponding number code was placed on a transportation dish for
identification when a slide was moved for viewing under the microscope. The conversion of the
coded numbers to treatment was only made after all measurements were obtained and when the
data were analyzed; this information was not available to researchers evaluating the larval
images.

3.6 SALINITY AND TEMPERATURE FLUCTUATIONS

This experiment required changes in salinity and temperature to simulate fluctuating site
conditions that occurred during the 2008 spawning events in San Francisco Bay. Table 3-5
summarizes the salinity and temperature regimes targeted for this study; Figure 3-8 and Figure
3-9 summarize the detailed schedule for the salinity and temperature changes.
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Table 3-5. Sampling Design for Treatments A and B, and Controls.

Fertilization

Treatment salinity Salinity Regime Temperature Regime
A-16, A-28 16 ppt or 28 ppt Varying between 24.5 ppt and e W|t(r|1:ip(lajrr|§g|_;)|ncreases
ambient salinity (28+ ppt) 9
) (Figure 3-8) 11 °C with periodic increases
ATS 28 ppt Figure 3-8
g
B-22 22 ppt Varying b‘?ﬁ‘l’;i‘ig ;_49‘;”0' 24 ppt 11 °C (Figure 3-9)
Control, CUV 16 ppt 16 ppt 12°C
30
25
| Air ExpoiureA
20 + TestA
Test Salinity A
] Test Temperature A-16, A-28
Test Temperature A-TS ‘
15 1 \ Continues
B il (] ‘ to hatch
10
\ \ \ \ \ \ \ \ \
° % 3 % & % % 8 3 g g

Hours Post Fertilization

Figure 3-8. Plan Temperature and Salinity Profile for Treatment A-16, A-28, and A-TS.
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Figure 3-9. Plan Temperature and Salinity Profile for Treatment B-22.

3.6.1  SALINITY ADJUSTMENT SYSTEM

Aquaria were setup with a constant renewal of flowing seawater. Test water was prepared in 20 L
glass carboys and consisted of 0.45 um filtered seawater collected from Hood Canal, Washington
diluted with deionized water to the appropriate test salinities. Water was delivered directly to
the aquaria from the carboys using peristaltic

pumps and tubing. Figure 3-10 shows the

system for one treatment.

Each aquarium was maintained at a volume of
6 L. A line was drawn on the outside of the
tanks as a visual cue to mark the 6 L line. It
was determined that 16 L of water were
required to completely renew the 6 L of water
in each aquarium. The flow rate on the
peristaltic pumps was adjusted to deliver the
16 L over the desired time period of the salinity
change. For example, if the desired salinity
change was to occur over 2 hours, the flow rate
was set to deliver 135 mL/min. When no
salinity change was occurring flow rates were
set at 22 mL/min to ensure complete renewal
in the aquaria over a 24 hour period.

Figure 3-10. Salinity Adjustment System, Carboy
Contains Test Water at Appropriate Salinity.

Two different technigques to change the salinity were used during this experiment. One method
was performed when the salinity change was to be gradual over time. The other method was
performed when the salinity change was designed to be more immediate. When gradual
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increases or decreases in salinity were required, a 20 L carboy was prepared with the appropriate
test water as described above. The water in the carboy was allowed to acclimate to test
temperature and water quality was measured to ensure proper test conditions. At the designated
time for a salinity change the peristaltic pump tubing was placed in the new carboy. The flow rate
was adjusted if necessary and measured.

When the salinity change was to occur rapidly, a 10 L tub and a 20 L carboy were prepared with
the appropriate test water as described above. Both vessels were placed into the temperature
controlled bath and allowed to acclimate to the test temperature. Water quality measurements
were recorded prior to the water change. At the appropriate time the peristaltic pumps were
shut down and the tubing was transferred to the new 20 L carboy. The overflow spout on the side
of the aquarium was then rotated horizontally, and water in the test chamber was allowed to flow
out of the tank until the water level was just above the top of the slides inside the screen tubes. A
clean funnel was placed inside the tank on the opposite side of the overflow spout, and water
from the 10 L tub was carefully poured into the funnel. The overflow spout was then moved back
to its original position, and the water level in the tank was brought back to the 6 L line. The
peristaltic pump was turned back on, and the flow rate was adjusted if necessary and measured.
The control treatments did not require any salinity fluctuations and carboys were replaced as they
were depleted (twice daily).

3.6.2 TEMPERATURE CONTROL SYSTEM

The laboratory seawater delivery system is equipped with Fuji Electric Micro-controller (Figure
3-11) automated temperature controllers. A hot water line and an ambient temperature water
line are piped into each controller unit. A sensor measures the temperature of the mixed water
and adjusts a gate valve to allow either cold or hot water to flow to achieve the desired
temperature of water delivered to the water bath tables.

Figure 3-11. Wall-mounted Temperature Control Units, Continuous Temperature Recorder, and Tub
with Flowing Temperature Controlled Water.

Gradual temperature changes occurring over a period of time were programmed into the
controller as dictated by the study design. In this case, water flowed to the water bath tables, and
temperatures inside the tanks (and screen tubes) came to equilibration over a course of hours.
Rapid temperature changes were manually dialed up or down on the temperature controller.
Aquaria were placed in a plastic tub in the water bath and some water was diverted from the
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incoming water bath line and flowed directly into the tubs to achieve the sudden temperature
change.

To adhere to the fluctuating temperature and salinity regime researchers continuously monitored
and renewed the test systems. This constant observation period continued up to Day 8 post
fertilization when the test chambers were moved to a constant temperature and salinity
incubation room.

3.6.3 AIR EXPOSURE

To model field conditions the study design took into account tidal fluctuations. Eggs deposited in
the intertidal zone in San Francisco Bay are exposed to air during low tides. To test the effect this
may have on developing embryos, one treatment included several air exposure periods in which
the embryos were removed from the water and exposed to air for preset periods of time.

Air exposure took place in an incubator equipped with UV lighting and set at the appropriate test
temperature. The plexiglass frame with screen tubes was carefully removed from its water
environment and placed in a clean 10 L aquarium with a small amount of test water on the
bottom to maintain humidity. The screen tubes did not have contact with the water. The
aquarium was then placed in the incubator for the allotted amount of time. At the end of the air
exposure phase, the plexiglass frame was placed back into the treatment tank in the water bath.

3.6.4 UV LIGHT EXPOSURE

UV lighting simulated ambient lighting conditions in San Francisco Bay in February 2008, which
called for an 11 hour light, 13 hour dark cycle. All test treatments except the Control were placed
under overhead UV lighting positioned approximately 12” from the top of the aquaria. UV light
was provided by fluorescent light ballasts containing one Duro-Test Vita-Lite® (40W, 5500°K, 91
CRI) fluorescent bulb and one standard fluorescent bulb (Phillips F40CW). The Control treatment
was exposed to fluorescent lighting only. A replicate control treatment was setup (CUV) that
received UV lighting for compare potential effects of UV in the absence of any other stressor.
Light intensity was measured daily at the top of the screen tubes and next to the aquaria at the
top of the slides.

3.7  EXPERIMENTAL OBSERVATIONS

Fertilization success was assessed at 48 h post
fertilization (hpf). At this stage development
should be mid-blastula to early stage epiboly as
described by Hill and Johnston (1997). Most of the
embryos in this experiment were in transition from
blastula stage to epiboly as shown in Figure 3-12.
For enumeration, slides were carefully removed
from test chambers and placed into glass

crystalllz.ailont (thShesd.tﬁ”ed V\élthh V\:.adter at Figure 3-12. Embryos at Approximately 48 hpf.
appropriate test - condrtions. ach slide Was  qransition to epiboly is clearly evident in the

photographed with a Canon G10 PowerShot digital three embryos on the left side of slide.
camera. The camera was mounted on a tripod to

NewrFields i 2010 Laboratory Study . March 2011
Page |17



give the photographer a stable and consistent platform. A dark background with a grid pattern
was aligned with the glass slide to provide sharp contrast and to aid in enumerating the eggs.

After imaging, slides were viewed using a Nikon dissecting microscope. Eggs on each slide were
enumerated and classified as fertilized, unfertilized, or dead. Eggs were considered fertilized and
viable if there was a membrane surrounding the egg indicating cell division. Unfertilized eggs
were those with no apparent membrane surrounding the egg (Figure 3-13). Eggs that were not
affixed to the slide were not included in the counts. Unfertilized and dead eggs as well as clusters
of eggs were removed from the slides with forceps when possible without damaging fertilized,
developing eggs while also retaining 80-100 eggs on each slide (Figure 3-14). Care was taken to
minimize the amount of time the slides were in crystallization dishes to prevent temperatures in
the dishes from rising above test conditions. After enumeration and culling, slides were returned
to their respective test chambers using forceps. Replicate 4 slides for all treatments were
photographed every other day from this point forward.

Dead
[ =

Unfertilized egg i

[
| Fertilized eaa

Figure 3-13. Examples of Fertilized, Unfertilized, and Dead Eggs at 48 hpf.

Figure 3-14. Slide Before Removal of Unfertilized Eggs (A); After Slide Was Culled (B) - slide is rotated
180°.
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3.8 DAY 8 DPF: INCUBATION OF TEST SLIDES AT CONSTANT TEMPERATURE AND SALINITY

At 8 days post fertilization (dpf) all slides were transferred from the continuous flow test system
to a static renewal regime staged in crystallization dishes at 16 ppt salinity and 12 °C. All slides
were photographed at this time with the Canon camera. Additionally, slides were viewed on an
Olympus SZX7 microscope fitted with a camera attachment (Olympus DP72) and eggs were
enumerated and classified as unfertilized, live normal, live abnormal, or dead (Figure 3-15).

Live eggs were considered normal if they had no apparent opacity and had two distinct eyes.
Abnormal live eggs were embryos with a heartbeat but that appeared abnormal or had disrupted
physical features. Some were underdeveloped or were opaque; partially hatched larvae were
also included in this group. Dead embryos included those with no beating heart or a lack of
movement. Dead eggs were grouped into two categories; those that had achieved later stage
development indicated by the presence of eyes were categorized as “dead - eyed.” Those with no
visible eyes, suggesting early mortality, were counted as “dead - other.”

T Unfertilized
ive Egg
Eggs
Dead Egg

Figure 3-15. Images of Live, Dead, and Unfertilized Eggs at 8 dpf.

After slides were photographed they were placed back into the crystallization dishes containing
water at 16 ppt and 12°C. Dishes were contained in plastic
bags with a vent for aeration and moved into a temperature
controlled room maintained at 12°C where they remained
until hatch. Trickle flow aeration was provided (Figure 3-16).

A daily water renewal was performed until all eggs in a dish
had either hatched or were assumed dead. The renewal was
performed by transferring the slide with forceps into clean
pre-labeled crystallization dishes containing the renewal
treatment water (16 ppt and 12°C). Hatched larvae remained
in the original dish for enumeration. Note that all larvae
assessed hatched naturally (were not dechorionated) and Ffigyre 3.16. Incubation Chamber
therefore these descriptions refer to apparent developmentat ¢ 12°C and 16 ppt with Continuous
hatch. Aeration.
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3.9  YOLK SAC ABSORPTION EXPERIMENT

An additional experiment was performed prior to the image analysis to gain a clearer
understanding of normal yolk sac absorption over time. Newly hatched herring larvae were
observed and photographed over a two day period. Herring eggs were provided by Dr. Paul
Dinnel collected from Puget Sound, Washington. Eggs were held in seawater from Hood Canal,
Washington (ambient salinity) at 12°C until they hatched.

Test chambers consisted of Mason jars with holes drilled in the sides. Five replicate jars were
filled with seawater from Hood Canal, Washington (ambient salinity) at 12°C; a constant trickle of
unfiltered seawater provided a flow-through system. Screen tubes fitted with fine screen mesh
were placed in the Mason jars and zip ties were used to suspend screen tubes above the bottom
of the jars. Trickle flow aeration was placed outside of screen tubes.

Ten newly hatched larvae were placed in each screen tube using a glass Pasteur pipette with the
tip cut off. Larvae were not fed during the experiment. During the two day test period, three fish
were randomly selected from the test chambers twice daily (am and pm). At each observation
event larvae were placed in crystallization dishes and anesthetized with 50 mg/L MS-222.
Anesthetized larvae were photographed on an Olympus SZX7 microscope with a camera
attachment (Olympus DP72). Figure 3-17 illustrates the change in the pericardial and yolk sac
regions over time as the yolk is absorbed.

Figure 3-17. Changes in Yolk Sac over Time (Post Hatch).
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| 4 PosT HATCH IMAGING PROCESS

A preliminary experiment was conducted to determine the appropriate anesthetic level to
administer to the larval samples. The method and results relative to the anesthetizing agent
chosen for this study are summarized in Appendix D. As a result of this evaluation, MS-222 at a
concentration of 50 mg/L was chosen to sedate the larval samples prior to imaging with the
caveat that time under anesthesia did not exceed 60 minutes before the specimen was examined.
Care was taken to minimize the amount of time fish remained in MS-222 to avoid producing any
potential physical effects or anomalies due to prolonged exposure to MS-222.

Each crystallization dish was checked daily for hatched larvae. As larvae hatched they were
photographed using the Olympus microscope and digital camera system. Hatched larvae were
placed in petri dishes with a Pasteur pipette with the tip cut off and anesthetized in 50 mg/L MS-
222. Larvae were then transferred to a Sedgewick Rafter cell with enough water so they were
completely submerged. Individual fish were oriented into a lateral position when possible.
Sometimes due to more advanced fin development, it was impossible to orient the fish laterally,
and only a dorsal or ventral position could be attained. A clear, full length image of each fish was
captured using different zoom levels, fine zoom controls, and lighting, with the focus on the
pericardial and yolk sac regions. Images were saved as TIF files and later converted to JPEG files
for analysis. The flow of the procedure is shown in Figure 4-1.

Because images were captured at different magnifications, metadata associated with each image
was imbedded and saved with the original TIF files. For statistical analysis, this metadata was
used to transform measurements into millimeters so the entire dataset could be compared.

Figure 4-1. Procedure for Handling and Imaging of Hatched Larvae.
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4.1 PHOTOGRAPHIC DOCUMENTATION AND PRESERVATION OF SLIDES AND LARVAE

Photographs of slides were taken at test termination using the Canon PowerShot camera. All
slides containing unhatched embryos were subsequently preserved in Davidson’s solution and
archived by sample identification code. Larvae were euthanized with a stronger dose of MS-222
and then preserved in glass vials with Davidson’s solution following examination and imaging;
labels included hatch date and unique identification code. Chain-of-custodies documents provide
a record of the slides and vials which were stored in a secure, metal fireproof cabinet.

4.2  MEASUREMENT PROCESS AND DATA MANAGEMENT

Images of larvae photographed at hatch after test terminations were subsequently assessed for
occurrences of several categories of abnormalities. Imagel) software (http://rsbweb.nih.gov/ij)
was used to make the quantitative measurements. Images were assessed by hatch date (3/7/10 -
3/12/10). A combination of the quantitative measurements and qualitative scoring was used to
assess the health of each larva. Herring larvae are mostly transparent, at times making
distinctions between membrane layers as well as the separation of peritoneal and pericardial
cavities difficult. Indeed, often in previous studies judgments of edema were based on qualitative
assessments only (Incardona et al. 2009; Hill et al. 2004; Wassenberg and Di Giulio 2004; Pearson
et al. 1995, Kocan et al. 1996). We amplified the number of quantitative assessments made with
ImageJ software by paying particular attention to the pericardial and yolk sac areas. We found
that alternating the image from light to dark fields often increased our ability to detect important
membrane differences (Figure 4-2).

Figure 4-2. Increased Optical Clarity with Alternation between Light and Dark Fields

Figure 4-3illustrates the various quantitative measurements made on the images. Measurements
were recorded from ImageJ software results in pixels; metadata associated with each image was
used to convert the measurements from pixels to millimeters. Table 4-1 and Table 4-2 summarize
the quantitative and qualitative assessments made on each image analyzed. Image files were
saved as “final” images with the quantitative measurements. Spreadsheets and final images were
stored on a Western Digital storage device in a secure location.
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Figure 4-3. Diagram Indicating Measurements on Herring Larval Specimen in the Lateral View.
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Table 4-1. Quantitative Measurements Assessed for 2010 Laboratory Data Using ImageJ Software.

. Data Base —
Measured Parameter | Units e Description Notes
Measured from snout along
Standard Length px/mm StLength  |body line ending at caudal
peduncle
Parallel line drawn from in middle
of notochord running
perpendicular to the body line
through the head regions. Second
o line drawn crossing through
Head-to-Trunk Angle | degrees HTA Head to trunk angle middle of closest eye and middle
of otic vesicle intersecting first
line. Measured the angle at the
intersection on ventral side of the
fish.
Yolk Area px/mm YolkArea  |Yolk area érr]?; of space occupied by yolk
Total Yolk Sac Area px/mm TYSA Total yolk sac area Iyr(l)(ill(udes any space surrounding
Drawn at the junction of the total
yolk sac area and the pericardium
as noted by a membrane line
(shown best when image was
S I inverted using ImageJ), following
Pericardial Area px/mm PA Pericardial area PA along bony jaw structure to
attachment point in the middle of
the head between the two otic
vesicles and back towards yolk
sac.
Sometimes additional space
: occurred between the
Space px/mm ExtraSpace A{ee:\e?ﬁtween PA and TYSA if pericardium and total yolk sac
P areas. Most often observed in
older “late stage” larval samples.
Measured from middle of
Length from eye to L
: x/mm EyePostYS |closest eye to posterior side of
posterior edge of yolk | P y yolk ye to posteriorsi These 2 measurements were
v : T die of analyzed in relation to each other
Length from eye to cl(fsa;slir:ye ;gThg]iant:ri?)r side as a possible indication of PA or
anterior edge of yolk px/mm EyeAntYS of yolk following same trajectory yolk sac edema.
as prior measurement.
Perpendicular line drawn
Lenath from dorsal tangent to the anterior edge of
ed ge to vericardium px/mm DorsalPA  (the total yolk sac from the
getop dorsal edge of the body line to  |These 2 measurements were
ventral edge of pericardium. considered in relation to each
Line drawn following same other and indicated depth of the
Length from bottom of trajectory from ventral edge of |PA @nd potential PA edema.
notochord to edge of | px/mm NotoPA notochord to ventral edge of
pericardium pericardium next to total yolk
sac.
Measured across the middle of
) Together these measurements
Length of Yolk px/mm YolkLength tr(l)e;t)g)rlilé;‘ré)éneinterlor to showed provided some indication
?he height rr?eaéured through of yolk shape which may imply an
Depth of Yolk px/mm YolkWidth the middle of the yolk. abnormal yolk.
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Table 4-2. Qualitative Measurements Assessed for the 2010 Laboratory Data.

Measured Data Base e
Parameter Abbreviation DiCSERIBHION Nten
Body Axis Defects Score: 0=None, Deviation from a straight linear body

BAD Score BADScore 1=moderate, 2 =severe axis.

BAD Type BADType Description of defect Lordos;s, kyphosm, bent tail, scoliosis,
excessive coiling

Opacity OPScore Score: 0=None, 1=moderate, 2=severe glroRet;gnsparent area anywhere in body
Thicker body appearance towards the

. A _ _ posterior end of larvae rather than the

Trunk Thickness TTScore Score: 0=None, 1=moderate, 2=severe tapered appearance or a normal larval
sample

Tissue Disruption TDScore Score: 0=None, 1=moderate, 2=severe Disrupted tissue material along dorsal or
ventral edges of larvae

YS Deformity YSANScore  |Score: 0=None, 1=moderate, 2=severe Inclqded pitting or vacuolization of yolk
and irregularly shaped yolks.

vSEdema YSEdScore Sc_ore: 0=None, 1=mild, 2=moderate, |Space within or around the total yolk sac

3 =severe area.

Extra space of PA next to total yolk sac

PA Edema PAEdScore Score: 0=None, 1=moderate, 2=severe |area or anterior edge of PA is convex
rather than concave.

Flattened YS FIYSScore Score: 0=None, 1=moderate, 2=severe zlfa;g?&"ng on anterior or posterior side

Melanophore MDScore ii?\:ga%ja“t‘;?e f;ﬁ?g%ﬂ?ﬁﬁ d, Bands of black pigmented areas running

Development d;veloped y ped, 2= along ventral side of larvae.

4.2.1 BODY AXIS DEFECTS AND DEVELOPMENTAL ABNORMALITIES

A body axis defect was defined as a body line deviating from linear. Body axis defects were
scored to indicate the degree to which the larvae were impaired. Anomalies included kyphosis,
lordosis, scoliosis, coiling, and bends in the head and/or tail regions (Figure 4-4). Definitions are

provided below.

Kyphosis: the body is curving towards the yolk sac

Lordosis: the body is curving away from the yolk sac

Scoliosis: lateral (side-to-side) curvature or pinching of the notochord
Coiling: body tightly curled around yolk sac and head

Bent Head: head is bent at an angle closer to 90° than 180°

Bent Tail: a distinct bend in tail at an angle other than 180°

Other developmental abnormalities included opacity, trunk thickening, and tissue disruption;
these were given a score to indicate degree of impact. Standard length was measured to partially
assess growth and development was further evaluated by scoring the presence of melanophores.
Melanophores are pigment bands running along the ventral edge of the body line and provide
some indication of the developmental stage of the specimen.
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4.2.2  PERICARDIUM AND YOLK SAC ABNORMALITIES

The physical condition of the pericardial and yolk sac regions was assessed by numerous
guantitative measurements and qualitative scoring. These regions influence each other and also
change over time as the yolk-sac larvae develop. The first step in the evaluation process was to

A. Kyphosis, opacity, trunk B. Lordosis, trunk thickening, tissue C. Scoliosis, opacity, trunk
thickening, tissue disruption, disruption, underdeveloped thickening, underdeveloped
underdeveloped melanophores melanophores

(Image 3.12.10 N47-01-001a)

D. Coiled, opaque, trunk E. Bent head, developed F. Bent tail, underdeveloped
thickening, tissue disruption, melanophores melanophores
underdeveloped melanophores (Image 3.8.10 N08-03-001a) (Image 3.8.10 N09-03-020a)

(Image 3.11.10 N30-02-001a)

Figure 4-4. Examples of Body Axis Defects and Developmental Abnormalities.

determine and measure the area each region was occupying. The junction of the total yolk sac
area and the pericardium is separated by the transverse septum (shown best when the image
light field is inverted to dark field using ImagelJ software). In some instances there was no space
between the two regions, while in other cases space is evident (Figure 4-5). Areas measured
included pericardium, yolk, total yolk sac, and any space if present.

NewrFields i 2010 Laboratory Study . March 2011
Page |26




N\ N\

(Image 3.7.10 N35-01-001a) (Image 3.10.10 N41-02-053a)
Figure 4-5. Examples of Varying Space between Pericardial and Yolk Sac Areas.

4.2.2.1 QUANTITATIVE ASSESSMENT USING IMAGEJ SOFTWARE

To quantitatively evaluate the pericardial region a line was drawn to measure the depth of the
pericardial region, extending from the ventral edge of the notochord to the ventral body margin.
Another measurement was made of the distance from the dorsal body margin to the ventral body
margin approximating the location of the transverse membrane. When feasible, the pericardial
area was measured with a polygon dimensioning tool. The pericardial and yolk sac region was
quantitatively assessed using four sets of measurements:

1) The distance from the midpoint of the closest eye to the anterior edge of the yolk sac and
the distance from the midpoint of the closest eye to the posterior edge of the yolk;

2) The length and width of the yolk, indicating overall roundness of the yolk;

3) The areal measure of yolk area and total yolk sac area was made with the polygon
dimensioning tool; and

4) The areal measure of the pericardium was also made with the polygon dimensioning tool.

4.2.2.2 QUALITATIVE SCORING

Qualitative scores were given for yolk sac edema and pericardial edema to indicate degree of
swelling. Other yolk sac abnormalities were scored to classify the level of impact observed. These
abnormalities included pitting or vacuolization of the yolk and irregularly shaped yolk sac. Also,
flattening on either the anterior or posterior edge of the yolk was scored.

Yolk sac edema was defined as space on the anterior and/or posterior edges of the yolk or space
completely surrounding the yolk material and possible flattening of anterior yolk material. For
the assessment of pericardial edema, the developmental stage and the view of the specimen
(lateral, ventral, or dorsal) were taken into consideration. Note that all larvae assessed hatched
naturally (were not dechorionated) and therefore these descriptions refer to apparent
development at hatch.

i Hatch: hatching glands absent, yolk sac changing to an elliptical shape, jaw structure
formed
i Post-Hatch: same as hatch but yolk either completely gone or very small
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I 5 EXPERIMENTAL RESULTS

5.1  PHYSICAL AND CHEMICAL RESULTS
5.1.1 WATER QUALITY MEASUREMENTS

Water quality parameters measured included dissolved oxygen (DO), pH, temperature, and
salinity. For the control treatments, temperature and salinity were targeted to remain constant
throughout the test. Water quality was measured daily in aquaria and in carboys prior to use.
Additionally, a Hobo monitoring device constantly recorded temperature in the water bath where
both controls were located. Table 5-1 summarizes water quality measured during the test. All
measurements remained within target parameters throughout the test period.

For the test treatments, the study design called for DO and pH to remain within targeted ranges
considered ideal for Pacific herring, while temperature and salinity intentionally fluctuated
outside of optimal ranges to determine effects. DO and pH were measured in test aquaria daily
and in carboy holding tanks before water exchanges occurred. Table 5-2 summarizes DO and pH
values measured in the test aquaria and in the carboys prior to use. DO ranged from 5.5 to 9.6
mg/L in carboys and from 5.7 to 9.2 mg/L in test aquaria. These values met the criteria of > 4.8
mg/L. pH ranged from 7.1 to 8.3 in carboys and 7.0 to 8.1 in test aquaria, which were within the
acceptable range of 6.0 t0 9.0.

Table 5-1. Summary of Water Quality Conditions in Renewal Carboys and Test Chambers for Control and

CUV Samples.

e, DISSOI(\r/ﬁglf)Xygen pH Salinity (ppt) Temperature (°C)
Min | Max Min [  Max Min [ Max Min [  Max

Measured in Carboy (prior to use)
Control 5.6 9.6 7.3 8.2 15.0 16.5 11.7 13.8
Cuv 55 9.6 7.1 8.3 15.9 16.5 11.8 134

Measured Daily in Test Aquaria

Control 5.9 8.8 75 8.0 15.0 16.3 12.1 134
Cuv 6.0 9.3 74 8.0 15.7 16.5 12.3 13.3

Measured by Hobo in Water Bath
Contro,CUV[ NA [ NA | NA | NA | NA [ NA [ 118 | 133
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Table 5-2. Dissolved Oxy

gen and pH Measured in Test Treatment Renewal Carboys and Aquaria.
Dissolved Oxygen (mg/L) pH
Treatment Min | Max Min | Max
Measured in Carboy (prior to use)
Control 5.6 9.6 7.3 8.2
CuVv 5.5 9.6 7.1 8.3
A-16, A-28 6.1 9.3 7.3 8.2
A-TS 6.3 9.0 7.1 8.2
B-22 6.5 9.6 7.3 8.1
Measured Daily in Test Aquaria
Control 5.9 8.8 7.5 8.0
Cuv 6.0 9.3 7.4 8.0
A-16, A-28 5.8 7.8 7.5 8.1
A-TS 5.7 8.0 7.0 8.0
B-22 5.8 9.2 7.5 8.0

Salinity and temperature were measured by continuously recording meters and verified with
water quality probes in test aquaria daily and in carboys prior to use. Salinity and temperature
were intentionally fluctuated in Test A, while only salinity was varied in Test B. These fluctuations
occurred from 0 - 8 dpf when all treatments were transferred to control conditions (16 ppt, 12°C).
Table 5-3 illustrates targeted and actual salinity and temperature ranges for the test.

Figure 5-1, Figure 5-2, and Figure 5-3 show the detailed salinity and temperature ranges by

treatment during the test. As demonstrated in these figures, the observed temperatures and
salinities matched the test design very closely.

Table 5-3. Comparison of Planned versus Measured Salinity and Temperature in Test Treatments.

Page |29

Salinity and Temperature Results
Target Actual
JUEE TS Salinity (ppt) Temperature (°C) Salinity (ppt) Temp()?Cr)ature

A-16

A28 16— 30 11.0-211 16.0-30.0 10.3-22.0
A-TS 11.0-24.1 16.0-29.2 10.3-24.1
B-22 14-26 11.0 13.4-28.4 10.7-12.0
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Treatments A-16 and A-28
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Figure 5-1. Planned versus Actual Salinity and Temperature for Treatments A-16 and A-28.
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NewrFields i 2010 Laboratory Study . March 2011
Page |30



Treatment B
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Figure 5-3. Planned versus Actual Salinity and Temperature for Treatment B.

All treatments were exposed to UV lighting with the exception of the Control; fluorescent lighting
was used for the Control. Light levels were measured at the top of the test aquaria on Days 1 — 3
and on the side of the aquaria approximately at the same level as the top of the slides on Day 4.
Both measurements were taken on the subsequent days. The results are summarized in Table
5-4. As expected, irradiance was very low in the Control, and the levels in the CUV treatment
corresponded to those measured in the test treatments.

Table 5-4. Summary of UV Light Conditions by Treatment.

Irradiance (umol / m‘s’)

Control CUV A-16 and A-28 ATS B-22
Locatic_)n Min Max Min Max Min Max Min Max Min Max
Athgg 1a 1 2 59 64 47 63 36 51 47 57
A%E*;e”a 2 4 39 47 25 44 30 41 36 39

5.1.2  TeST WATER CHEMISTRY

Chemical analysis of test water used in this study was performed by Alpha Analytical and
Analytical Resources, Inc (ARI). PAHs were analyzed specifically for this study; metals, pesticides,
and PCBs were measured as a part of NewFields annual water testing protocol.

Test water
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included 0.45 pm filtered seawater from Hood Canal, WA and deionized water. The complete
laboratory reports are provided as Appendix E; the results are summarized in this section.

Alpha Analytical analyzed PAHs. Water samples were collected on April 20, 2010 and shipped on
ice via UPS overnight. Results are shown in Table 5-5. No PAHs were detected above reporting
limits in either water sample; numbers shown are estimates between the minimum detection
limit and the reporting limit. Total detectable PAHs were estimated at 5.8 ng/L in the seawater
sample and 1.4 ng/L in the deionized water sample. Laboratory QC procedures fell within
approved criteria and therefore the results of the chemical analysis were accepted.

ARI analyzed total metals, pesticides, and low-level PCBs. Water samples were collected on April
22, 2010 and shipped on ice via UPS overnight to ARI. Results are summarized in Table 5-6.
Arsenic, copper, and nickel were found at concentrations just above reporting levels; calcium,
magnesium, potassium, and sodium were present at levels typical of seawater. No pesticides or
PCBs were detected in either the filtered seawater or deionized water samples. Laboratory QC
tests met the required criteria, thereby validating the chemical analysis.

Table 5-5. PAH Concentrations in Laboratory Test Water.

Filtered Seawater Deionized Water
Analytes Result Qualifier | Reporting Result Qualifier Reporting
(ng/L) Code* Limit (ng/L) (ng/L) Code* Limit (ng/L)
cis/trans-Decalin U 10 U 10
C1-Decalins U 10 U 10
C2-Decalins U 10 U 10
C3-Decalins U 10 U 10
C4-Decalins U 10 U 10
Benzothiophene u 10 u 10
C1-Benzo(b)thiophenes u 10 u 10
C2-Benzo(b)thiophenes u 10 u 10
C3-Benzo(b)thiophenes u 10 u 10
C4-Benzo(b)thiophenes u 10 u 10
Naphthalene 1.42 J 10 u 10
C1-Naphthalenes 0.778 J 10 0.701 J 10
C2-Naphthalenes u 10 u 10
C3-Naphthalenes u 10 u 10
C4-Naphthalenes u 10 u 10
Biphenyl u 10 u 10
Dibenzofuran U 10 U 10
Acenaphthylene u 10 u 10
Acenaphthene u 10 u 10
Fluorene 0.965 J 10 U 10
C1-Fluorenes U 10 U 10
C2-Fluorenes U 10 U 10
C3-Fluorenes U 10 U 10
Anthracene U 10 U 10
Phenanthrene 2.01 J 10 0.744 J 10
C1-Phenanthrenes/Anthracenes U 10 U 10
C2-Phenanthrenes/Anthracenes U 10 U 10
C3-Phenanthrenes/Anthracenes U 10 U 10
C4-Phenanthrenes/Anthracenes U 10 U 10
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Table 55. PAH Concentrations in Laboratory Test Water (Continued)

Filtered Seawater

Deionized Water

Analytes Result Qualifier | Reporting Result Qualifier Reporting
(ng/L) Code* Limit (ng/L) (ng/L) Code* Limit (ng/L)

Retene u 10 u 10
Dibenzothiophene u 10 u 10
C1-Dibenzothiophenes u 10 u 10
C2-Dibenzothiophenes u 10 u 10
C3-Dibenzothiophenes u 10 u 10
C4-Dibenzothiophenes u 10 u 10
Benzo(b)fluorene u 10 u 10
Fluoranthene u 10 u 10
Pyrene 0.652 J 10 U 10
C1-Fluoranthenes/Pyrenes u 10 u 10
C2-Fluoranthenes/Pyrenes u 10 u 10
C3-Fluoranthenes/Pyrenes u 10 u 10
C4-Fluoranthenes/Pyrenes u 10 u 10
Naphthobenzothiophenes u 10 u 10
C1-Naphthobenzothiophenes u 10 u 10
C2-Naphthobenzothiophenes u 10 u 10
C3-Naphthobenzothiophenes u 10 u 10
C4-Naphthobenzothiophenes u 10 u 10
Benz[a]anthracene u 10 u 10
Chrysene/Triphenylene u 10 u 10
C1-Chrysenes u 10 u 10
C2-Chrysenes u 10 u 10
C3-Chrysenes u 10 u 10
C4-Chrysenes u 10 u 10
Benzo[b]fluoranthene u 10 u 10
Benzo[K]fluoranthene u 10 u 10
Benzo[a]fluoranthene u 10 u 10
Benzo[e]pyrene u 10 u 10
Benzo[a]pyrene u 10 u 10
Perylene u 10 u 10
Indeno[1,2,3-cd]pyrene u 10 u 10
Dibenz[a,h]anthracene u 10 u 10
Benzo[g,h,i]perylene u 10 u 10
4-Methyldibenzothiophene u 10 u 10
2/3-Methyldibenzothiophene u 10 u 10
1-Methyldibenzothiophene u 10 u 10
3-Methylphenanthrene u 10 u 10
2/4-Methylphenanthrene u 10 u 10
2-Methylanthracene u 10 u 10
9-Methylphenanthrene u 10 u 10
1-Methylphenanthrene u 10 u 10
Total Detectable PAHs 5.825 J 1.445 J

* U = undetected; J = estimated value, below reporting limit
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Table 5-6. Metal, Pesticide, and PCB Concentrations in Test Water.

Filtered Seawater Deionized Water
Analytes Qualifier | Reportin Qualifier Reportin
meotli Code* Bmit Y| Resut Code* Bmit :
Total Metals (ug/L)
Aluminum u 250 u 50
Arsenic 4 2 u 0.2
Calcium 329,000 250 u 50
Chromium u 5 u 2
Cobalt u 2 u 1
Copper 8 5 U 0.5
Iron u 250 u 50
Lead u 10 u 1
Magnesium 1,040,000 250 u 50
Nickel 13 5 u 0.5
Potassium 329,000 2,500 u 500
Selenium u 5 u 0.5
Sodium 8,730,000 2,500 u 500
zZinc u 40 u 4
Pesticides (ug/L)
alpha-BHC u 0.0050 u 0.0050
gamma-BHC (Lindane) u 0.0050 u 0.0050
Heptachlor u 0.0050 u 0.0050
Aldrin u 0.0050 u 0.0050
Dieldrin u 0.010 u 0.010
4.4'-DDT u 0.010 u 0.010
gamma Chlordane u 0.0050 u 0.0050
alpha Chlordane u 0.0050 u 0.0050
Hexachlorobenzene u 0.0050 u 0.0050
Hexachlorobutadiene u 0.0050 u 0.0050
PCBs (ug/L)

Aroclor 1016 u 0.010 u 0.010
Aroclor 1242 u 0.010 u 0.010
Aroclor 1248 u 0.010 u 0.010
Aroclor 1254 u 0.010 u 0.010
Aroclor 1260 u 0.010 u 0.010
Aroclor 1221 u 0.010 u 0.010
Aroclor 1232 u 0.010 u 0.010
Aroclor 1262 u 0.010 u 0.010
Aroclor 1268 U 0.010 u 0.010

* U = undetected; J = estimated value, below reporting limit

5.1.3 CHEMICAL ANALYSIS OF ADULT DONOR TISSUE

Portions of the gonads used for fertilization of the eggs used in the 2010 laboratory study were
sent to Alpha Analytical for PAH analysis (Figure 5-4, laboratory report is included as Appendix F).
PAH analytes were detected in the gonads, although most concentrations above detection limits
were also below reporting limits (qualifier code J). Relative proportions of the PAHs showed a
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signature similar to that of eggs exposed to background urban gravel from the 2009 NOAA/BML
laboratory study, shown as a filled area in Figure 5-4.
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Figure 5-4. Relative (Bars) and Actual (Line) Concentrations of PAHs in Donor Fish Gonads Compared to
Urban Background Signature (Filled Area).
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5.2 EMBRYO ENDPOINTS
5.2.1 FERTILIZATION RATES

Fertilization rates were estimated by treatment at 48 hours post fertilization; the results are
shown in Table 5-7. The fertilization rates ranged from 80.5% to 97.8%. Dinnel (2010 in prep)
suggests fertilization rates of >90% are preferable but found moderate fertilization rates from
50% to 80% can lead to acceptable hatching rates of >70%. Hatching success for this study is
described in Section 5.3. The percentage fertilization was calculated by subtracting the
unfertilized and unhardened eggs from the total eggs counted.

Four of the six treatments from each donor spawning group had fertilization rates between 80%
and 90%; the remaining treatments had fertilization above 90%. Although the larger spawning
group had somewhat higher fertilization rates, the occurrence of early death of embryos was
more frequent for these treatments as described below.

Table 5-7. Fertilization Rates at 48 Hours.

Unfertilized or Fertilized Dead Embryos at | Viable Fertilized
Donor Size | Treatment Unhardened (%Total Eggs) 48 hours Embryos
(%Total Eggs) (% Fertilized Eggs) | (% Fertilized Eggs)
Control 18.6 81.4 29.7 70.3
Cuv 141 85.9 30.1 69.9
Smaller A-16 2.9 97.1 56.6 43.4
A-28 195 80.5 27.2 72.8
A-TS 2.7 97.3 30.6 69.4
B-22 145 85.5 19.7 80.3
Control 11.3 88.7 73.9 26.1
Cuv 13.7 86.3 75.0 25.0
Larger A-16 10.9 89.1 46.8 53.2
A-28 2.2 97.8 51.9 48.1
A-TS 7.1 92.9 53.8 46.2
B-22 10.5 89.5 47.7 52.3

5.2.1 EARLY DEATH DURING EMBRYOGENESIS AND VIABLE EMBRYOS

Early death of embryos was classified based on opacity of the embryo or dense white tissue mass
within the chorion often associated with arrested development during the blastula stage (Table
5-7). Only one treatment from the smaller spawning group (A-16) had greater than 50% dead
embryos at 48 hours; the remaining treatments showed 30% or fewer dead embryos. In contrast,
for the larger spawning group all of the treatment groups and the control ranged from 47 to 75%
dead embryos. This high incidence of early death, particularly with the eggs from the larger donor
fish, suggests that either the quality of the gametes used for testing was compromised or other
environmental stressors were involved.

The percentage of viable eggs (Table 5-7) was calculated by dividing the viable eggs by the
number of fertilized eggs. The larger spawning group had a smaller percentage of viable eggs
than the smaller spawning group with a range of viable eyed embryos from 25 to 53%. In
comparison, the smaller spawning group, with one exception (A-16, 43%), had a range of viable
eyed embryos from 69 to 80%.
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5.2.2 EMBRYO HEART RATE

One indication of embryo health and probable development to hatch is heart rate. Heart rate was
measured for Control embryos following protocol developed by Dinnel (2010 in prep). Heart rate
was obtained by examining the embryo under a dissecting microscope and counting the number
of heartbeats in 30 seconds. Initial measurement of heart rates was assessed on replicate 4
Control samples (non-UV treatment) for the smaller and larger size groups. Six embryos were
assessed on each slide. Table 5-8 provides a summary of the results. The baseline heart rates
established by Dr. Dinnel for herring embryos from other studies ranged from 72.4 to 82.2 beats
per minute for control embryos (Dinnel, pers comm.). In all but one instance, the heart rates of
the experimental control embryos fell within this range. In the one exception and for one other
embryo, the embryos were observed to exhibit abnormal characteristics.

Table 5-8. Heart Rate Data Collected from Control Embryos.

Heart Rate
Treatment | Slide Quadrant Specimen Beats per Comments
Minute
6 1 88
Control 2 2 4
Smaller 3 3 94
Donor Fish 7 4 76 Observer noted abnormal embryo
1 5 90
8 6 70 Observer noted abnormal embryo
3 1 84
Control 52; g gg
Larger Donor
Fish 1 4 82
6 5 90
6 6 80

5.3  LARVAL ENDPOINT: HATCHING RATES

Over 2800 larvae hatched during the period from 9 to 14 dpf. Larvae observed swimming were
tallied in addition to the total number hatched. Hatch rates were determined by the number of
fertilized eggs remaining on the slide at 8 dpf. As shown in Figure 5-5, hatch rates were higher
overall for the larvae from the smaller donor size group. The A-16 and A-28 treatments showed
the most variability for both size groups. Lower hatching rates were observed for all of the
samples from the larger donor size group with the lowest hatching rate in the Control sample.
This may indicate that the donor eggs from this group were less healthy or ripe at the time of
fertilization. It is interesting to note that even with the reduced hatch in the larger spawning
class, most of the larvae that did hatch from this spawning class were classified as swimming
larvae (Figure 5-5). In addition, in both Control samples the viable embryos at 2 dpf (Table 5-7;
Smaller 70%, Larger 26%) are essentially the same as the swimming hatch (Smaller 70%, Larger
25%), indicating that those embryos that survived the first two days of embryo development
proceeded to hatch with apparent normality.
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Figure 5-5. Hatch Rates by Treatment for Total and Swimming Larvae.

Larvae from the different treatments exhibited variations in hatching rates as a function of days
post fertilization as shown in Figure 5-6. In the Control samples, both from the smaller and larger
donor size groups, about 90% of the larvae hatched at 9-10 dpf. In contrast, larvae in the B-22
treatment hatched in similar numbers on 10 and 12 dpf. Larvae in the A-16 treatment from
smaller donor fish showed a pattern similar to the B-22 larvae while all other treatments had a
majority of the hatch on Day 10 with the remainder of the hatch spread over 9, 11, and 12 dpf.
Only a few fish hatched after 12 dpf.
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| 6  IMAGE ANALYSIS RESULTS

6.1 DATA PROCESSING

Data from measurements and scoring of images were entered directly into Excel spreadsheets.
Separate sets of spreadsheets were maintained for measurements and scores; data for each day
of hatch resided in individual spreadsheets. Each fish assessed was uniquely identified by hatch
date, laboratory sample number, and image number. Measurement and scoring data were
merged together and combined with the key to treatment and information on magnification for
each image. All length and area measurements were maintained as pixels and also converted to
millimeters for comparisons of larvae imaged at differing magnifications. The number of fish
imaged for each sample was recorded. Due to the large numbers of hatch on 3/8/2010 (10 dpf)
and 3/10/2010 (12 dpf), not all larvae were imaged. All fish that indicated gross abnormality at
hatch (e.g., not swimming or coiled) were imaged; a subset of those that were swimming were
imaged. The subset was assumed to be representative of all swimming larvae hatched on the day
of observation. For all statistical evaluations, the measurements and scores for the imaged larvae
were weighted for the proportion they represented of the total hatch per sample on the day of
hatch.

6.2 DEVELOPMENTAL IMPACT ON LARVAL ATTRIBUTES

Different degrees of development at the time of A
larval imaging were noted in addition to obviously _ \
abnormal development; many larvae were observed 7 (b
to be in a later stage of yolk sac absorption. PPN
Examples of both of these are shown in Figure 6-1. S

While the overall percentages of larvae in the ~—
abnormal and late stage categories were relatively
small (6 and 7% respectively), they were not evenly
dispersed across the treatments (Table 6-1). The
differences in standard length and size of yolk for
abnormal, late stage, and all other larvae are
summarized in Figure 6-2 where it can be seen that B
significant differences in size were observed.

Because of these differences, and to increase the

ability to detect differences between treatments

smaller than the differences between the

developmental categories, analyses were run on  jgre 6.1 Examples of Abnormal Development
the full dataset and also with these two categories () and Late Stage Yolk Sac Absorption (B).
excluded.

Table 6-1. Number and Percent of Larvae Observed by
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Developmental Category.

Total Abnormal Late Stage Yolk Sac

Donor | | pel Hatch |(Body Axis Defect Score = 2) Absorption CHien(Nofeateqonized)
Size (sum of Percent of Percent of Percent of
3reps)| Larvae Hatch Lelne Hatch Lol Hatch
Control | 269 16 5.9 14 5.3 242 89.9
Cuv 307 18 5.9 20 6.4 269 87.7
A-16 201 5 2.5 39 19.6 157 77.9
Smaller
A-28 284 13 4.6 11 3.7 260 91.7
A-TS 298 22 7.4 17 5.7 266 89.1
B-22 355 22 6.2 82 23.0 250 70.3
Control 59 1 1.7 1 1.7 57 96.6
Cuv 145 15 104 3 1.7 129 89.2
A-16 198 10 5.2 5 2.7 182 92.1
Larger
A-28 268 9 3.4 20 7.4 239 89.3
A-TS 172 16 9.0 9 5.2 149 86.4
B-22 282 16 5.7 17 6.1 249 88.2
10 0.6
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Error bars represent 95% confidence limits.
Figure 6-2. Mean Measurements by Developmental Category (S = Smaller Donor Size, L = Larger Donor
Size).

NewrFields i 2010 Laboratory Study . March 2011
Page |40



6.3  TREATMENT RELATED EFFECTS
6.3.1  STATISTICAL ANALYSES

Analysis of Variance (ANOVA) was used to compare the control samples to the various
treatments. Data for larvae from each donor size group (larger and smaller) were analyzed
separately. The comparisons were made on the scored assessments and on the measurements
collected on each larval fish. In each case, the mean of the measurement or score was calculated
for each laboratory replicate; the replicate means were used in the ANOVA (n=3 for each
treatment). Statistical testing was performed with SAS/STAT® software (SAS 2008). ANOVA was
performed with the General Linear Models procedure (PROC GLM) with a Dunnett’s test to
compare treatment means to the Control mean (Dunnett 1955). Note that an ANOVA that
produces significant differences amongst treatments only implies there are differences between
at least two of the treatments; the comparison test determines which treatments differ from the
Control. The ANOVAs were run twice; first using data for all larvae, and secondly excluding the
extreme abnormal fish (BAD Score = 2) and those observed in late stage yolk sac absorption. The
second analysis was performed to determine whether variability introduced with the small
number of noticeably different fish was masking subtler differences between treatments.
Complete statistical results are provided in Appendix G.

6.3.2 ANOVA RESULTS ON SCORES

Scores given to the observed abnormalities in each imaged larva were averaged for each sample,
adjusting for the number of larvae photographed out of the total hatched per day. The mean
scores for the three replicate samples in each treatment were used in the ANOVA. For the scores,
a one-tailed Dunnett’s test was used to determine any treatments with significantly higher scores
than in the Control; data from each donor size group were kept separate. Table 6-2 shows the
results based on all larvae. For both donor size groups, only yolk sac edema demonstrated
significantly higher scores in treatments (A-16, A-28, A-TS for smaller donors; A-TS for larger
donors).

Similar results were obtained when the obviously abnormal larvae and those in late stage yolk sac
absorption were excluded as shown in Table 6-3. The only change was the ability to discern a
difference between Control and the B-22 treatment for pericardial edema in larvae from the small
donor size group. This result, however, was based on only two larvae with pericardial edema; the
test on the larger larvae was based on three fish.
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Table 6-2. ANOVA Results on Scores for All Larvae.

oy Measure Prob>F | M-S0 Icontrol| cUV | A6 | A28 | ATS | B-22
Melanophore Dev. Score 0.284 0.18 1.83 1.75 188 | 1.84 172 | 181
Body Axis Defect Score 0.456 0.12 0.16 0.19 | 0.16 | 0.13 0.18 | 0.23
Opacity Score 0.554 0.23 0.21 0.25 | 0.19 | 0.29 0.25 | 0.35
Smaller LLrunk Thickness Score 0.520 0.05 0.08 0.09 | 0.06 | 0.05 0.09 | 0.08
Tissue Disruption Score 0.704 0.12 0.13 0.14 | 0.14 | 0.07 0.15 | 0.14
Pericardial Edema Score 0.451 0.04 0.03 0.01 0.01 | 0.00 0.01 | 0.02
Yolk Sac Edema Score <0.001 0.26 0.23 028 | 0.81 | 0.69 0.85 | 0.31
Yolk Sac Anomaly Score 0.892 0.35 0.57 054 | 0.64 | 0.52 0.57 | 0.47
Melanophore Dev. Score 0.844 0.26 1.79 1.79 175 | 1.88 1.76 | 1.80
Body Axis Defect Score 0.270 0.27 0.05 0.26 | 0.28 | 0.13 0.26 | 0.16
Opacity Score 0.417 0.26 0.12 0.14 | 0.30 | 0.29 0.27 | 0.21
Larger Trunk Thickness Score 0.137 0.11 0.02 0.09 | 014 | 0.07 0.12 | 0.05
Tissue Disruption Score 0.432 0.23 0.02 021 | 0.18 | 0.11 0.12 | 0.13
Pericardial Edema Score 0.542 0.03 0.00 0.00 0.02 | 0.00 0.01 | 0.02
Yolk Sac Edema Score 0.008 0.42 0.54 040 | 0.69 | 0.65 1.20 | 0.55
Yolk Sac Anomaly Score 0.296 0.34 0.59 0.80 | 0.64 | 0.52 0.51 | 0.52
Shading shows significant ANOVA results, purple shaded cells indicate significantly larger mean scores based

Dunnett’s one-tailed test.

Table 6-3. ANOVA Results on Scores Excluding Larvae with Gross Abnormalities and Late Stage Yolk

Absorption.
o Measure Prob>F | AN S19 Icontrol| CUV | A6 | A28 | ATS | B-22
Melanophore Dev. Score 0.373 0.17 191 1.83 1.87 1.94 1.80 1.88
Body Axis Defect Score 0.174 0.09 0.05 | 0.07 0.13 | 0.03 0.05 | 0.10
Opacity Score 0.930 0.24 0.18 | 0.17 0.18 | 0.23 0.16 | 0.24
Smaller Trunk Thickness Score 0.770 0.04 0.01 | 0.02 0.03 | 0.01 0.01 | 0.02
Tissue Disruption Score 0.393 0.14 0.05 | 0.05 | 0.14 | 0.02 0.05 | 0.08
Pericardial Edema Score 0.034 0.01 0.00 0.00 0.00 0.00 0.00 0.01
Yolk Sac Edema Score 0.000 0.30 0.16 | 0.26 | 093 | 0.72 0.89 | 0.36
Yolk Sac Anomaly Score 0.787 0.31 0.51 | 053 | 0.67 0.50 0.53 | 0.53
Melanophore Dev. Score 0.687 0.24 181 1.93 1.82 1.93 1.86 1.89
Body Axis Defect Score 0.574 0.17 0.03 | 0.06 | 0.15 | 0.07 0.11 | 0.04
Opacity Score 0.525 0.25 0.12 0.08 | 024 | 0.24 0.20 | 0.13
Larger Trunk Thickness Score 0.920 0.05 0.02 0.01 | 0.02 0.03 0.03 | 0.01
Tissue Disruption Score 0.687 0.12 0.02 0.09 | 0.04 | 0.07 0.05 | 0.08
Pericardial Edema Score 0.523 0.03 0.00 0.00 0.02 0.00 0.00 0.01
Yolk Sac Edema Score 0.009 0.49 0.57 | 037 | 0.76 | 0.67 1.29 | 0.56
Yolk Sac Anomaly Score 0.285 0.32 0.57 0.76 | 0.58 | 0.50 0.44 | 0.53

Shading shows significant ANOVA results, purple shaded cells indicate significantly larger mean scores based on
Dunnett’s one-tailed test.

6.3.3 ANOVA RESULTS ON LARVAL MEASUREMENTS

ANOVA was used to determine differences in measurements made on variously treated larvae
from those in the Control samples. Comparisons to the Control were made with a Dunnett’s two-
tailed test. Results of the analysis on all larvae are shown in Table 6-4. Differences were noted in
the measurement from the eye to the posterior of the yolk in both donor size groups in the A
treatments. In the larger donor size group the mean lengths from the notochord and the dorsal
edge to the pericardium were longer in the A-TS treatment than in the Control. While not
significantly different from the Control, 7 of the remaining 11 measures showed the largest
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difference from Control in the A-TS treatment; indicating that this treatment may have induced
more anomalies on larvae than the other treatments.

Table 6-4. ANOVA Results on Measurements for All Larvae.

SLelrls Measure ProbsE| MIN-SI9- ooniar| cuv | A-16 | A28 | ATS | B-22
Size Difference

Head to trunk angle 0.890 27 160 158 | 149 |154 |153 | 158
Standard length (mm) 0.339 0.41 8.46 |8.42 |8.34 |851 |8.21 |8.49
Yolk area (sq mm) 0.602 0.16 0.35 (0.37 |0.37 |0.29 [0.36 |0.30
Yolk sac area (sq mm) 0.633 0.16 040 (042 |0.44 |0.37 [0.42 |0.36
Yolk:Yolk sac ratio 0.345 0.11 0.86 (0.85 |0.80 |0.78 [0.83 |0.80
Pericardial area (sq mm) 0.171 0.03 0.07 |0.07 |0.07 |0.08 |0.06 |0.08

Notochord to pericardial edge (mm) | 0.554 0.06 025 |[0.26 |0.26 |0.25 |0.28 |0.23
Dorsal edge to pericardial edge (mm)| 0.565 0.09 049 |[050 |0.49 |047 |050 |0.46
Notochord:Dorsal measure ratio 0.540 0.06 0.52 |0.52 |0.53 |[0.53 (054 |0.51

Smaller

Eye to anterior of yolk (mm) 0.537 0.20 095 (094 |0.86 |0.92 |0.85 |0.95
Eye to posterior of yolk (mm) 0.013 0.17 185 |183 |168 |1.66 |1.68 |1.84
Yolk length (mm) 0.100 0.14 095 |0.94 |0.86 |0.81 |0.86 |0.86
Yolk width (mm) 0.650 0.17 0.46 |0.49 |0.51 |0.44 |0.50 |0.43
Yolk width:Yolk length ratio 0.191 0.14 0.48 |0.52 |0.58 |0.54 |0.59 |0.49
Head to trunk angle 0.820 15 154 158 | 152 |159 |159 |159
Standard length (mm) 0.494 0.46 8.43 |847 |834 |829 |8.19 |8.24
Yolk area (sq mm) 0.816 0.14 0.33 |0.32 |0.35 |0.35 |0.35 |0.39
Yolk sac area (sq mm) 0.532 0.12 0.39 |0.38 |0.42 |0.42 |0.44 |0.45
Yolk:Yolk sac ratio 0.532 0.11 0.84 |0.85 |0.83 |0.83 |0.78 |0.85
Pericardial area (sq mm) 0.723 0.04 0.05 |[0.07 |0.07 |0.07 |0.06 |0.07

Notochord to pericardial edge (mm) | 0.020 0.06 021 (022 |0.26 |0.26 [0.29 |0.27
Dorsal edge to pericardial edge (mm) 0.044 0.10 042 (044 |049 |049 [0.54 |0.50
Notochord:Dorsal measure ratio 0.027 0.04 0.50 |0.49 |0.53 |[0.53 [0.54 |0.53

Larger

Eye to anterior of yolk (mm) 0.006 0.16 0.95 |[1.04 |0.84 |0.90 |0.80 |0.88
Eye to posterior of yolk (mm) 0.001 0.13 187 |1.88 |167 |1.77 |158 |1.78
Yolk length (mm) 0.524 0.14 0.89 |0.90 |0.86 |0.88 |0.82 |0.91
Yolk width (mm) 0.714 0.14 0.47 045 |0.50 |0.48 |0.51 |0.52
Yolk width:Yolk length ratio 0.043 0.10 053 |0.50 |0.58 |0.55 |0.62 |0.56

Shading shows significant ANOVA results with significant differences from Control, purple shaded cells indicate
significantly different mean scores based on Dunnett’s two-tailed test.

To determine whether the abnormal larvae may have masked differences between treatments by
increasing the variability, the ANOVA was also run excluding the obviously abnormal larvae and
those with late stage yolk sac absorption. As can be seen in Table 6-5, more significant
differences are observed when these larvae are excluded, particularly for the larvae from the
larger donor size group. As seen with all larvae, the treatment that appears most impacted is
A-TS.
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Table 6-5. ANOVA Results on Measurements Excluding Larvae with Gross Abnormalities and Late Stage
Yolk Absorption.

SLelrls Measure Prob>| Min. Sig. | o | cuv | A-16 | A28 | ATS | B-22

Size F |Difference
Head to trunk angle 0.235 7 160 160 | 164 | 156 | 157 | 159
Standard length (mm) 0.123| 0.38 856 | 856|831 |858|8.29 [8.55
Yolk area (sq mm) 0.455| 0.14 0.35 | 0.38|0.39 | 0.30 |0.36 {0.33
Yolk sac area (sq mm) 0.461| 0.14 0.40 | 0.43]0.47 | 0.37 |0.43 |0.39
Yolk:Yolk sac ratio 0.065| 0.06 0.86 | 0.86|0.82 | 0.79 |0.83 |0.84
Pericardial area (sq mm) 0.217| 0.03 0.07 | 0.07 | 0.07 | 0.08 |0.06 |0.08

Notochord to pericardial edge (mm) |0.479| 0.06 0.25 | 0.26 | 0.26 | 0.25 |0.28 |0.23
Dorsal edge to pericardial edge (mm) |0.450| 0.08 048 | 050|049 |0.46 |0.50 |0.46
Notochord:Dorsal measure ratio 0.528| 0.06 0.52 | 052|053 |053|054 |0.51

Smaller

Eye to anterior of yolk (mm) 0.693| 0.15 0.94 |093]0.91|0.90|0.85 |0.94
Eye to posterior of yolk (mm) 0.031| 0.17 1.85 184 (173 | 1.64 |1.69 |1.84
Yolk length (mm) 0.010| 0.09 0.95 |0.95|0.89 | 0.83|0.87 |0.91
Yolk width (mm) 0.342| 0.14 0.46 | 0.50| 0.54 | 0.44 |0.51 |0.46
Yolk width:Yolk length ratio 0.052| 0.11 0.48 | 0.53|0.61 | 0.54 |0.59 |0.50
Head to trunk angle 0.944 12 154 158 | 159 | 159 | 157 | 159
Standard length (mm) 0.145| 0.43 8.57 | 8.63|8.44 |838|8.25 |8.28
Yolk area (sq mm) 0.446| 0.11 0.34 | 0.31]0.35| 0.36 |0.34 |0.40
Yolk sac area (sq mm) 0.172| 0.09 0.40 | 0.37|0.42 | 0.43 |0.43 |0.46
Yolk:Yolk sac ratio 0.559| 0.10 0.84 | 0.84|0.83 | 0.83 |0.79 |0.85
Pericardial area (sq mm) 0.694| 0.04 0.05 | 0.07 | 0.07 | 0.07 |0.06 |0.07

Notochord to pericardial edge (mm) |0.010| 0.06 0.22 | 0.22|0.26 | 0.26 |0.30 |0.27
Dorsal edge to pericardial egde (mm) |0.031| 0.08 044 | 044049 |0.48 |0.54 |0.50
Notochord:Dorsal measure ratio 0.025| 0.05 049 |0.49|0.53 | 0.53 |0.54 |0.53

Larger

Eye to anterior of yolk (mm) 0.004| 0.12 0.95 1.04 (| 0.84 | 0.91 |0.79 [0.88
Eye to posterior of yolk (mm) 0.001| 0.13 1.87 1.88 | 1.66 | 1.79 |1.57 [1.79
Yolk length (mm) 0.123| 0.12 090 | 0.90|0.86 | 0.89 |0.81 |0.93
Yolk width (mm) 0.326| 0.11 0.47 | 0.43|0.49 | 0.49 |0.51 |0.53
Yolk width:Yolk length ratio 0.005| 0.08 0.52 | 0.48 | 0.57 | 0.55|0.63 |0.57

Shading shows significant ANOVA results with significant differences from Control, purple shaded cells indicate
significantly different mean scores based on Dunnett’s two-tailed test.

6.3.4 ANOVA ON FREQUENCY OF OCCURRENCE OF EDEMA

The ANOVAs performed on the scores used the mean score per sample to determine differences
between treatments and the Control. The frequency of occurrence of edema was also calculated
per sample and tested by ANOVA. For this test, yolk sac edema scores of 2 or 3 were counted as
presence of edema; scores of 1 (area to the anterior or posterior of the yolk, but not surrounding
the yolk) were counted as a normal stage of development. Scores of 1 and 2 for pericardial
edema were considered to be presence of edema. There were no larvae scored with either
pericardial or yolk sac edema in the late stage yolk absorption larvae. The results of the ANOVAs
with all larvae and with the obviously abnormal larvae (BAD score = 2) and those with late stage
yolk sac absorption excluded are shown in Table 6-6. Larvae in the A-TS treatment had
significantly higher occurrence of yolk sac edema in all four tests and frequencies of yolk sac
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edema decreased when the abnormal fish were excluded. Frequencies of pericardial edema also
decreased; of the 22 larvae noted with pericardial edema in the complete dataset only 6 larvae
were included from the second ANOVA. The highest occurrences of yolk sac edema were found in
the A-16, A-28, and A-TS treatments which experienced changing temperature in addition to
changing salinities. Highest occurrence as noted above was found in the A-TS treatment where
the incubating embryos were exposed to more extreme temperature changes in addition to three
episodes of air exposure.

Table 6-6. ANOVA Results on Frequency of Occurrence of Edema.

Dsoiggf Measure Prob>F D'\i"ﬁig : eSrll%é Control| CUV | A-16 | A28 | ATS | B-22
All Larvae
Smaller |- encardial Edema (%) [ 0.671 2.4 15 06 | 06 0.0 0.6 1.3
Yolk Sac Edema (%) 0.042 10.7 4.6 46 | 88 | 140 | 16.7 3.7
Larger Pericardial Edema (%) | 0.526 2.3 0.0 0.0 | 1.0 0.2 0.9 15
Yolk Sac Edema (%) 0.006 16.7 0.0 40 | 153 | 143 | 329 | 107
Larvae with BAD Score = 2 and Late Stage Yolk Sac Absorption Excluded
Smaller 1Fericardial Edema (%) [ 0.023 0.4 0.0 0.0 [ 0.0 0.0 0.0 0.5
Yolk Sac Edema (%) 0.024 10.1 1.9 33 | 83 | 128 | 151 25
Larger Pericardial Edema (%) | 0.491 1.6 0.0 0.0 | 1.0 0.2 0.0 0.7
Yolk Sac Edema (%) 0.011 17.1 0.0 28 | 1563 | 131 | 29.9 8.7

Shading shows treatment mean comparisons to Control based on Dunnett’s one-tailed test, purple shaded cells indicate
significantly larger means.

6.3.5 OVERALL RESPONSES TO TREATMENTS

The analyses discussed previously have looked at results for the two size groups of donor fish
separately, with similar results. As noted in Section 5.3, the percentage of swimming hatch of
both size groups was essentially the same as the percentage of viable eyed embryos at 48 hours.
To determine the overall effects of the exposure treatments, a two-way ANOVA was performed
on key responses (severe BAD, yolk sac edema, and pericardial edema) to determine whether the
size groups differed in their response to the different treatments. The results are shown in Table
6-7; no response showed a significant interaction between size group and treatment, and no
differences were found between size groups. Differences between treatments and the Control
were found for BAD and yolk sac edema occurrence but not for occurrence of pericardial edema.
BAD occurrence was higher than in the Control sample for all treatments indicating a UV light
effect and significantly higher in the CUV and A-TS treatments. Occurrence of yolk sac edema was
also higher in all treatments than in the Control but dramatically and significantly higher in the
three treatments that experienced increased temperatures (A-16, A-28, A-TS). Additionally, yolk
sac edema occurrence in the A-TS (higher temperature and air exposure) was approximately
double (25%) that observed in the other two A treatments (A-16 12%; A-28 14%) and also had
significantly higher BAD.
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Table 6-7. Results of Two-Way ANOVA on Key Responses.

e Sl Larger |Smaller LGz L2 Control| CUV | A-16 | A-28 | A-TS | B-22
(% Occurrence) | p>F p>F

Severe BAD 0.386 | 6.17 5.40 0.018 346 | 837 | 495 | 413 | 7.65 | 6.14

Yolk Sac Edema | 0.101 | 12.87 | 8.73 <0.001 231 | 427 | 121 | 141 | 248 | 7.23

Pericardial Edema| 0.692 | 0.60 0.76 0.519 075 | 031 | 077 | 012 | 0.75 | 1.39

6.3.6 A QUANTITATIVE MEASUREMENT OF YOLK SAC EDEMA

Yolk sac edema has been identified as an abnormality in developing embryos. To date the
presence of edema has typically been noted using qualitative assessments, sometimes termed
best professional judgment. While a knowledgeable researcher can likely make an accurate
assessment of the presence of yolk sac edema, a quantitative procedure for determining the
presence of the condition would be preferable and repeatable amongst observers. To this end,
multiple measurements of hatched larvae were made to determine whether a quantitative
method of determining the presence of this condition could be established. Measurements of
yolk area, yolk sac area, yolk width, and yolk length were made as described in Section 4.2. The
ratio of the yolk area to the total yolk sac area was hypothesized to be most likely to predict yolk
sac edema, followed by the ratio of the yolk width to the yolk length.

To test this hypothesis, the obviously abnormal larvae (BAD Score = 2) and larvae identified as late
stage yolk absorption were excluded from the dataset. The mean yolk area to yolk sac area ratio
was calculated for each category of yolk sac edema score in each treatment (e.g., mean of all
ratios for larvae scored as YS Edema = 1

: All Donor Fish
1 in Control — Smaller). These mean o
values were used in a linear regression E .
with the scores to establish a g 2\\ .
proportion that guantitatively a S $
indicates yolk sac edema. The ﬂ 0.8 \\\i\
regression showed a statistically [ o
significant slope with an R? of 0.892 a S .
and visually indicates that a ratio of i .
about 0.75 separates those fish with '>°; : \\\ .
no yolk sac edema or with a score of 1 806 : Y
from those fish with edema scores of 2 -E \f
and 3 (Figure 6-3). As discussed in & Fit Results
Section 4.2.2, scores of 1 were given & f;‘::;n: O~ xa e .
when a small area of the yolk sac was 2 Number of datapaints used = 40
void of yolk either to the anterior or 0.4 —Coefofdetermination, & squared = 0. 457 |
posterior of the yolk. This condition 0 1 5 3

was considered to be part of the
normal process of yolk sac absorption

and not indicative of edema within the  Figure 6-3. Regression of Yolk Area Ratio to Yolk Sac Edema
yolk sac area. Scores of 2 and 3 were Score.

Yolk Sac Edema Score (BPI)
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given when space was observed surrounding the yolk (2 indicating the presence of space and 3
indicating severe edema).

The regression run on the mean treatment ratios gives a clean representation of the relationship
between the ratio and the qualitative scores. To determine the strength of this relationship when
assessing individual fish, a frequency distribution was calculated based on all fish (N=1217). Fish
were categorized in a two-way cross-tabulation grouped by No Edema (Score = 0 or 1) and Edema
(Score = 2 or 3) in addition to ratio greater than 0.75 or less than 0.75 (see Table 6-8). For a ratio
of 0.75, this resulted in agreement with qualitative scoring (true positive and true negative) of
84.7%. The 15.3% disagreement was weighted towards false positive assessments as seen in
Figure 6-4. Determination of the best fit between the ratio and the yolk sac edema score was
made by adjusting the ratio downward to find the highest level of agreement with the true results
along with the most even distribution of false positives and false negatives. This juncture
occurred at a ratio of 0.71 yolk area to yolk sac area where agreement was 86.5% with a false
positive rate of 6.8% and a false negative rate of 6.7%.

Table 6-8. Cross-Tabulation of Edema Scores and Ratios.

Ratio No Edema Edema
True Negative False Negative
2075 72.9% 4.3%
<0.75 False Positive True Positive
' 11.0% 11.8%
True Negative False Negative
2071 77.2% 6.8%
<071 False Positive True Positive
) 6.7% 9.3%
20 All Donor Fish
7 I ——+—— (Cormect
88 _ —=— False Positive
i ! ——s——False Negative

86 —

84 —

% Agreementwith BPJ Score

|
|
|
|
|
82 i 12
|
|
|
|
|

\
(o)
% Disagreement with BPJ Score

I
I
v I I I i 4

0.7 0.71 0.72 0.73 0.74 0.75
Yolk Area:Yolk Sac Area Ratio

Figure 6-4. Agreement Between Yolk Area Ratio and Yolk Sac Edema Score.
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| 7 Discussion

This study was designed to evaluate the potential impacts of non-petroleum based stressors on
the hatching success and development of Pacific herring embryos. It is one of the three primary
assessments that have been performed since the COSCO Busan Oil Spill. They consist of 1) a field
and laboratory assessment of exposure and effects on Pacific herring conducted in 2008, 2) a
laboratory assessment in 2009 that exposed developing herring embryos to known sources of
contaminants (3 concentrations of CBO, 3 concentrations of ANS, and an urban and clean control)
and 3) the non-petroleum stressor experiment conducted in 2010. This report discusses the
conclusions of the laboratory study (NewFields 2010b) focused on non-petroleum based stressors
conducted in 2010. A final summation report (NewFields 2010c) includes results from all of these
studies and provides an assessment framework for determination of adverse impacts to herring
development associated with petroleum based and also non-petroleum based exposure. The
non-petroleum based stressors identified as candidates for the 2010 laboratory study included
those environmental variables that may have influenced the 2008 development within San
Francisco Bay. Those stressors included size and health of donor fish, fluctuating temperatures,
differences in salinity during fertilization and during development, exposure to UV light, and the
influence of air exposure during intertidal stranding episodes. The experimental design for the
2010 study mimicked the environmental conditions experienced by developing herring embryos
during 2008 prior to collection of the eggs by NOAA and BML and during the laboratory
incubation period.

There were two basic patterns of variation in salinity and temperature that occurred within the
spawning habitat in 2008. The two patterns represented conditions encountered during the
natural spawning and development period that occurred at Peninsula Point and Point San Quentin
in central San Francisco Bay in 2008. We used the available information on tides and measured
temperature and salinity data to develop the 2008 exposure conditions that were then replicated
in the laboratory. An additional factor was the influence of intertidal aerial exposure during day
time low tides. The air exposure was limited to one hour which is much lower than the organisms
experienced in 2008. This compromise did not match the time the embryos would have been
exposed because we were unsure how to adjust that exposure to the other potential controllers
associated with wind or maintenance of moisture content and temperature control by
surrounding plants that would have also been encountered during this intertidal period. We
believe that the experimental intertidal exposure under represents the potential stress that may
have occurred in 2008.

Quantitative (15) and qualitative (9) measurements were made on the developing herring
embryos (1606 individuals). The measurements made on each of the embryos were documented
on images captured by electronic media and summarized in spreadsheets. The measurements
included assessments of edema (pericardial, yolk sac and coelomic), body axis defects (lordosis,
kyphosis, scoliosis, arrested development, thickened trunk, head/trunk angle), percent normal
hatch, early developmental mortality, stage of development, craniofacial abnormalities and
opacity of various parts of the organism. Once the methods were developed to precisely make
each of these measurements a random subset of the samples from 2009 and 2008 (representing
each treatment or location) were also assessed using the same procedures.
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We also developed a repeatable method of distinguishing and measuring pericardial and yolk sac
edema which also matched our qualitative assessments (BPJ). These measurements and
assessments of edema were developed on the 2010 data and then applied to the 2009 and 2008
images provided by NOAA/BML. All measurements were conducted on randomized sample
designations so that staff performing the assessments and measurements were blind to any
experimental treatment information.

Adverse effects were identified in association with each of the potential contributing factors that
were examined as summarized in Table 7-1. Natural population variability as evidenced by the
number of abnormal larvae in control samples was observed in 2 to 5% of the samples; similar to
levels of abnormal development cited for control samples in other studies (Incardona and Vines
2009; Griffin et al. 2009; Vines et al. 2000).

Table 7-1. Biological Response to Stressors and Chemical Signatures.

Chemical Signature Stressor Type Biological Response

Low percentage of body axis defects (~2%
major and <5% less obvious); combination of
pericardial and yolk sac edema only in major
body axis defect individuals

Population

Gamete Condition High early mortality (<48h); those that survive

Without Exposure to Oil have a high percentage of normal hatch
(CBO) uv Higher incidence of body axis defects (BAD)
Increased incidence and intensity of yolk sac
Increased Temperature
edema
Intertidal/estuarine Increased incidence and intensity of yolk sac
fluctuating stressors edema; no pericardial edema except in
(salinity/air exposure) individuals with major body axis defects
With Exposure to Oil (CBO).
Relative contribution of Chemical Stressors Pericardial edema often combined with yolk
chemical components of (petroleum, TBT, copper, | sac edema and other adverse responses as
complex mixtures create algal) exposure increases

tissue signature of exposure

We also observed a high percentage of early developmental egg mortality in the embryos from
the larger donor fish. This finding was somewhat contrary to our original hypothesis that the
larger and possibly older spawning adults would produce gametes with higher numbers of
surviving normal larvae while the smaller, and potentially first time spawners, would produce
gametes of lower overall quality with lower numbers of surviving normal larvae. This indicates
that the health or developmental stage of those eggs at fertilization was a potential problem. An
additional line of evidence supporting this observation was that the appearance of the eggs was
sticky and not runny when egg sac was opened. These eggs were evaluated during our
preparation for fertilization and concern for their potential viability was indicated (Dinnel, pers
comm.). Additionally, there were relatively few large fish that were captured during sampling
therefore the eggs were taken from only two females. We suspect that these larger fish were not
representative of the larger fish that staged and spawned in January. However after 48 hpf, those
embryos that survived had a high percentage of normal hatch. The overall performance of the
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gametes from the larger spawning group may be explained by Dinnel et al. (2010) that indicates
that poor gamete health or undeveloped gametes and early stage mortality are related but that
those organisms surviving past 48h generally have a high percentage of normal development.

Embryos exposed to UV light in this study exhibited a higher occurrence of severe body axis
defects compared to the control sample. Occurrences varied in the UV treatments, but all
treatments showed higher occurrence than in the control varying from 5% to 8% of the hatched
larvae. This finding is similar to that of Strahle and Jesuthasan (1993) in their study on zebrafish.
The occurrence of pericardial edema in this study was limited to those larvae exhibiting severe
body axis defects, but only about 1% of hatched larvae exhibited pericardial edema.

Significant yolk sac edema was observed in all treatments exposed to fluctuating temperatures,
both in intensity and incidence of the response. Yolk sac edema was identified in 12 to 14% of
hatched larvae in the two treatments exposed both temperature and salinity changes and in 25%
of larvae that were subjected to the aerial exposure (stranding). The treatment with only salinity
fluctuations (B-22) showed occurrence of yolk sac edema in 7% of the larvae, higher than the
control (2%) or the control with UV (4%) but well below the occurrence in the A treatments.
Therefore it appears that the incidence of yolk sac edema was more closely related to the
temperature changes and air exposure than to the changes in salinity.

The quantitative assessment of types of edema demonstrated that pericardial edema, while
present in the 2009 experimental oiling experiments, was not present in the 2008 or the 2010
assessments except in larvae that had gross body axis defects. This conclusion is demonstrated in
the companion report to this one “Framework for Assessment of Causal Relationships between
Early Life Stage Developmental Anomalies of Clupea pallasi and Cosco Busan Qil” (NewFields
2010c) which is an interpretive summary of the studies on herring following the CBO spill.
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