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EXECUTIVE SUMMARY/ABSTRACT

This reference document describes methodology for estimating forage fish energy density from
Northeast Fisheries Science Center spring and fall bottom trawl surveys. We provide rationale
for monitoring forage fish energy, explain our approach, and detail the complete workflow-
including sample collection and processing, data acquisition, quality assurance, and data access
protocols. The aim is to standardize these procedures and provide analysts with necessary detail
to understand, access, and use these data. For relevant ecosystem and population analyses, we
recommend using the audited values in the PREDICTED_ED CURRENT_KJ PER_G_WET _
WEIGHT column located in the FSCS2 schema > FF_ENERGY_DENSITY view.

1.0 OVERVIEW

Many fish and squid are referred to as forage species and serve as mid trophic level links
between primary producers and higher-level predators (Albo-Puigserver et al. 2017). The
amount of energy (measured in calories or Joules) contained in forage species is a product of
their environment (e.g., temperature, primary production), ontogeny, and other factors
controlling their intake of energy and expenditures for growth and metabolism (Breck 2014).
Forage species are of particular interest because of their importance to larger predators and
higher trophic levels and their short life span means they can serve as useful indicators of
integrated environmental productivity over relatively short time periods (i.e., several months)
(Spitz et al. 2010; Albo-Puigserver et al. 2017; Price et al. 2024; Wuenschel et al. 2024). The
pulsed seasonal productivity of cold, high latitude systems often contains high lipid and high
energy forage species that accumulate and store energy during periods of seasonal productivity
for later use (Copeman et al. 2022). Since fish energy content (kilojoules; kJ) is partially a
function of the habitats they live in, as individual species shift habitats or range, they may be
replaced by other species with different energy content. Also, changes in habitat quality for a
given species, may result in a corresponding, quantifiable change to its energetic condition
before a distribution shift is evident.

The total energy content and energy density (ED; kJ/g wet weight) are both variable across
species, and sizes (i.e., not all forage has the same nutritional value; Hermann et al. 2025). In
addition, ED may vary seasonally, annually, or over longer time periods (e.g., ‘regimes’,
Renkawitz et al. 2015), however, time series of data to resolve these variations is typically
lacking. Increasingly, ecosystem approaches to fisheries management and energy transfer
models are seeking specific biological information on key forage species, as this impacts
important (managed and/or protected) higher trophic species (Dickey-Collas et al. 2014; Pikitch
et al. 2014; Dawson et al. 2020). Available data on energy content of forage species in the
Northeast US Continental Shelf was outdated and limited in terms of samples per species, size
ranges, and seasons (Steimle and Terranova 1985). To address this data gap, targeted sampling
of forage species collected on Northeast Fisheries Science Center (NEFSC) spring and fall
bottom trawl surveys was initiated in 2017.



Starting in 2017, the Population Biology Branch's Fish Reproduction and Condition program
partnered with University of Massachusetts (UMASS) Dartmouth to study forage fish energy.
Samples collected from the NEFSC bottom trawl surveys were processed at the NEFSC Woods
Hole laboratory and UMASS Dartmouth. Notable seasonal, spatial, and ontogenetic variation in
fish energy content was documented for several species (Bean 2020; Wuenschel et al. 2024). In
some cases, this variation deviated from the limited historical estimates. For example, Atlantic
herring showed a 45% reduction in ED from estimates in the 1980s (Steimle and Terranova
1985), while other forage species (including Atlantic mackerel, Northern sand lance, butterfish,
silver hake, alewife, shortfin and longfin squid) had little or no change over the same period.
Interestingly, in the 1980s, Atlantic herring ED was 1.6 times greater than the other prey species
mentioned, but recent estimates for herring are similar to or even lower than the other species. A
recent comparison of the intra-annual ED cycles of spring- and fall-spawning Atlantic herring
indicates wide swings in ED with a peak in summer (Warren et al. In press). Therefore,
estimates derived from samples collected during spring and fall bottom trawl surveys may
underestimate maximum ED. Given the limited sample sizes and spatiotemporal coverage of the
prior estimates, it is unclear whether differences reflect true changes in ED of Atlantic herring or
are an artifact of sampling month and location differences between studies. Such a major
reduction in the ED would have implications for Atlantic herring, as well as the predators that
feed on them.

Current ecosystem models do not typically incorporate variation in the ED of prey, which could
lead to significant miscalculation of forage energy available to support predators. Monitoring
forage fish ED has continued beyond the 3-year period analyzed by Wuenschel et al. (2024). The
time series runs from 2017 to present, with incomplete sampling in 2020 due to survey gaps
during the COVID-19 pandemic. The time series of ED data for selected key forage species is
reported in the annual State of the Ecosystem reports prepared for both the Mid-Atlantic and
Northeast Fisheries Management Councils which have each expressed interest in these data.

Prior studies have identified the percent dry weight (%DW; 100*Dry weight/Wet weight) as an
accurate predictor of ED of whole fish and fish tissues (Rand et al. 1994; Hartman and Brandt
1995; Scherekenbach et al. 2001; Breck 2014; Johnson et al. 2017). The strength of this relation
results from the negative correlation between lipid content and water; the long established ‘fat-
water’ line (Shulman and Love 1999). In practice, the strong correlation between %DW and ED
makes it possible to reliably estimate the ED when both fresh (wet) weight and the dry weight
are known. Therefore, a two-part approach can be used to estimate ED for a large number of
samples with minimal additional effort. First, individual sample dry weights (and %DW) are
measured. Second, individual ED is estimated using a species-specific linear regression. These
regressions are established with %DW and a direct measurement of ED.

Determination of wet weight is straightforward; however, one may need to account for any
changes in weight due to preservation and/or storage (Crane et al. 2016; Baltasar et al. 2021,
Hobbs et al. 2025). Measurement of dry weight requires removal of all water from the sample,
either through freeze drying or drying in an oven at a constant temperature. The temperature
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used for drying is important, with higher temperatures potentially leading to ‘burning off” non-
water (i.e., volatilizing lipids) (Lantry and O’Gorman 2007). Most studies on fish energetics use
a temperature of 60 °C to dry samples as recommended by Lantry and O’Gormon (2007). Dry
weight measurement by either method takes time, and typically multiple weights are measured
over many days and weeks showing declines in weight as water is removed until reaching a
‘stable” dry weight, at which point further changes in mass are negligible. Although the method
is time consuming, it is relatively easy and requires minimal laboratory equipment as compared
to estimating ED directly via proximate composition analysis (PCA) or bomb calorimetry
methods. The small size of forage species also makes them more convenient to study (freeze,
transport, and dry to a stable weight in the laboratory).

This document outlines the sampling, sample processing, data entry, data auditing processes, and
predictive regressions for this time series of forage fish energy data that began in 2017. We
explain the methods used to calculate ED from measured quantities of water, lipid, and protein,
and detail the sample sources, preservation and storage, laboratory processing and data entry, as
well as quality assurance and quality control (QA/QC) measures developed. The sampling and
processing protocols have evolved somewhat over the time series with notable transitions from
simple spreadsheet data entry to an NEFSC-developed software application with relational
database in 2022, and complete audit and upload of historical data to the database in 2025. We
also provide information on how to access and use the database of audited ED data for further
analysis.

2.0 SAMPLE SOURCE AND PROCESSING

The NEFSC spring and fall bottom trawls surveys are ideal platforms to sample forage species
for energy content analysis. Specifically, the seasonal surveys cover a broad geographic range,
use gear that effectively captures small fishes, and the FSVs H. B. Bigelow and Pisces are
equipped to flash freeze and store samples during research cruises. The bottom trawl surveys
cover 4 regions (Gulf of Maine [GOM], Georges Bank [GB], Southern New England [SNE], and
the Middle-Atlantic Bight [MAB]) along the Northeastern Continental Shelf of the United
States. Many fish in the region undergo seasonal migrations, and the spring and fall surveys
capture seasonal distributions across minimum and maximum annual water temperatures. As
such, the spring survey provides information on energetic condition following winter, and the
fall survey provides data following summer feeding, including for young of the year for many
species that spawn in the spring. The surveys use a stratified random sampling design and a
standardized bottom trawl with a rock hopper sweep (Politis et al. 2014).

2.1 Sampling Design and Collection

Sampling requests were originally designed to collect 100 to 200 specimens of each target forage
species per survey over a broad spatial extent. The following 8 species were initially selected
based on relative importance in the ecosystem, frequency in the food habits database of stomachs
sampled (Smith and Link 2010), and availability during NEFSC bottom trawl surveys: Atlantic



herring (Clupea harengus), Atlantic mackerel (Scomber scombrus), butterfish (Peprilus
triacanthus), silver hake (Merluccius bilinearis), alewife (Alosa pseudoharengus), northern sand
lance! (Ammodytes dubius), northern shortfin squid (lllex illecebrosus), and longfin squid
(Loligo pealeii). Additionally, several less-common species were included to obtain baseline data
as they may increase in abundance or importance in the future—Spanish sardine (Sardinella
aurita), round herring (Etrumeus teres), and chub mackerel (Scomber japonicus). Starting in
2025, Atlantic menhaden (Brevoortia tyrannus) and Atlantic saury (Scomberesox saurus) were
sampled. This array of forage fish includes species federally-managed by the Mid-Atlantic and
New England Fishery Management Councils.

Sampling protocols programmed into the Fisheries Scientific Computing System (FSCS) vary by
species (see Appendix A - sample request protocol from Fall 2024), with minor changes since
sampling started. Generally, a maximum of 3 to 4 specimens (over a range in size) per species
per tow are requested to be saved for analysis, but the maximum number saved per tow is set
higher (5 to 6) for some species (e.g., Atlantic herring, northern sand lance, round herring,
Spanish sardine) that are encountered less frequently. The squid species occur frequently, so only
two specimens per tow are collected to maintain spatial coverage. A maximum number of
samples collected from each of the four regions (MAB, SNE, GB, GOM) was implemented due
to the freezer space limitations of the research vessels. The sampling for this request generates
about 750 to 1200 samples (~12 to 15 boxes) per survey for subsequent analysis in the
laboratory. As the number of observations grows for the continuing time series, we can evaluate
adjusting the sampling level for some of the species once we have a better understanding of
ontogenetic and spatiotemporal variability. In limited instances, additional samples were
collected from some tows on an ad hoc basis to support specific research projects.

During catch processing at each survey station, samples (multiple specimens of a species per bag
with a single FSCS label) are double-bagged to retain moisture using polyethylene resealable
bags and immediately frozen in the —80 °C freezer. After rapid freezing and storage in the —80 °
C for hours to days, samples are transferred to the —20 °C walk-in freezer on-board and
eventually transported to the —20 °C walk-in freezer at the NEFSC Woods Hole laboratory after
completion of the survey. From 2017 to 2019, a subset of samples for each species were taken to
UMASS Dartmouth and processed using PCA (described in section 2.2.2) to determine total
energy content and ED.

The requirement for initial freezing in the —80 °C freezer was evaluated in a controlled
experiment on land, using mummichogs (Fundulus heteroclitus) (Hobbs et al. 2025) to better
understand the effect of different freezing treatments (both temperature and duration) on
measured wet weights which may bias estimates of %DW. In each of the freezer treatments
evaluated, the post-thaw wet weights of mummichogs were lower than the initial wet weights
indicating some water loss. While measurable, the loss only had a significant effect on the %DW
estimates for samples frozen and stored for 3 months at —20 °C. In contrast, samples stored at

! Two species of sand lance occur in the region, however we assumed all of our samples to be Ammodytes dubius,
based on the depth of capture as described in Nizinski et al. (1990) and Nizinski (2002).



—80 °C showed minimal loss, likely due to the formation of smaller ice crystals and less leakage
when thawed. The samples initially frozen at -80 °C and stored at -20 °C retained this
insignificant change in %DW even after 4 months of total storage. It should be noted that the
experiment by Hobbs et al. (2025) used fish that were smaller (<10 cm) than most of the samples
analyzed from NEFSC bottom trawl surveys (8 to 35 cm). The effects of freezing on subsequent
wet and dry estimates should be lower for larger fish as water loss due to freezing decreases as
the surface area-to-volume ratio decreases. While some water loss likely occurs during our
freezing and storage protocol, we consider this to have a negligible effect on subsequent
determination of %DW and ED.

2.2 Sample Processing

Species-specific relationships between the %DW and ED tend to be strong and are often used to
predict fish ED (Hartman and Brandt 1995; Breck 2008; Johnson et al. 2017; Morley et al. 2012;
Wouenschel et al. 2024). Monitoring ED over time is feasible with these predictive relationships
that can reliably estimate the ED of forage fish samples once they are dried to a constant weight.
From 2017 to 2021, sample processing followed what is described below and in Wuenschel et al.
(2024), but all the data was recorded in spreadsheets. Below, we outline the standardized
procedures used by the Reproduction and Condition Program since 2022 with the NEFSC-
developed software application Forage Fish (FF).

2.2.1 Dry Weights

In the laboratory, frozen samples are thawed until they are able to be manipulated for accurate
length determination. For each sample, the FSCS barcode label is scanned, which automatically
populates the following fields from tables in the FSCS2 schema: cruise (denoted as the 6-digit
cruise6; 4-digit year plus 2-digit code for season [02 for spring or 04 for fall]), station, and
species. Then, FF records the in-lab workup date, generates a unique pan ID# and asks the user
if a FF label should be printed (Figure 1, section A). Specimens that show signs of damage that
could affect weight are excluded from further analysis, and marked as omitted (Figure 2). For
intact (non-omitted) samples, a FF label that includes the cruise, station, sample ID, and barcode
is printed on an adhesive label that gets affixed to the bottom of an aluminum drying pan (Figure
3). Archival quality labels with polyester resin that can withstand high temperatures are used.
There was no change in weight for FF labels after several months at 60 °C. The unique barcode
on the FF label provides a means to quickly scan the pan using an upward facing scanner to open
that individual sample record in FF during subsequent sample processing. After scanning the FF
label, all of the recorded data associated with an individual organism is displayed, facilitating
subsequent data entry, and general sample tracking.

The empty pan (with the attached FF label) weight (+/- 0.001 g) is transmitted directly into FF
via a connected analytic balance (Figure 1, section B). Currently, FF is configured to accept
weights from two connected balances (Sartorius, Mettler), and the communication settings are
editable under the Settings > Balances option (see Appendix B for the configuration settings).
Different sizes of pans, ranging from 60 mm diameter weigh pans, up to 22 cm x 11 cm x 6 cm



(2 Ib) loaf pans are used depending on specimen size. Organism length is measured along the
midline (fork or total length depending on tail shape for fishes or mantle length for squid species)
to the nearest mm and entered manually. The fish is then placed in the pan, and the pan plus fish
wet weight (+/- 0.001 g) is transmitted directly via the connected analytic balance (Figure 1,
section B; Figure 3). Medium to larger-sized fish are cut into pieces to fit into the pans and
facilitate drying. Pans containing individual samples are then placed in an oven and dried at 60 °
C.

An initial dry weight is recorded after 5 to 7 days in the oven at 60 °C depending on species and
size. Subsequent dry weights are taken every 1 to 3 days until the change in weight per day
between successive measurements is <0.101 g (for larger samples with initial wet weight >100
g) or <0.01g (for smaller samples with initial wet weight <100 g). These criteria are programmed
into FF, and when met, the dry weight is considered stable and FF indicates the sample is
considered “done” and the minimum dry weight is selected as the final dry weight by the user
(Figure 1, section D; Figure 4). At this rate of weight change, further change in predicted %DW
is < 0.1% and additional changes in the predicted ED of the sample is < 0.5%. Although minimal
changes in dry weight may still occur if a sample is left to dry further, this criterion provides an
objective measure for determining a final dry weight that balances accuracy with sample
processing time and logistics.

2.2.2 Proximate Composition Analysis and Estimation of Energy Density
Once the final dry weight is determined, the %DW is calculated as:
%DW = 100* Final dry weight (g) / Wet weight (g)

The %DW can then be used to estimate the ED of a specimen using species-specific %DW-ED
relationships. There are existing multi-species models at the family and order level (Hartman and
Brandt 1995), but it is recommended that species-specific models be used whenever possible
since body composition (relative amounts of bone, lipid, muscle, etc.) varies across species.

Species-specific predictive relationships between %DW and ED for the initial eight target
species were estimated in Bean (2020) and developed further in Wuenschel et al. (2024) (See
Appendix C for an example of the species-specific regression and range in %DW, both PCA and
overall). In these studies, PCA results from a subset of samples covering the full range of
observed %DW were used to develop species-specific %DW-ED relationships. This gravimetric
method measures the water, lipid, protein, and ash fractions of a sample. The method is
described in Bean (2020) and Wuenschel et al. (2024). In brief, after drying to remove all water,
the dried samples are repeatedly rinsed in petroleum ether using a Soxhlet extractor to remove all
lipid. The lean (now lipid-free sample) is re-dried overnight to remove any solvent and weighed
again, with the amount of lipid lost calculated as the difference between the dry weight, and the
lean (lipid-free, after Soxhlet) dry weight. To determine the protein content, the lean (lipid-free)
sample is then placed into a muffle furnace, combusted at 600 °C, and re-weighed to determine
the remaining inorganic (ash) weight. The weight lost from the lean sample during combustion is



assumed to be protein since fishes have very low amounts of carbohydrates (Craig 1977; Love
1980; Payne et al. 1999; Anthony et al. 2000; Breck 2008; Nurnadia et al. 2011; Sinclair et al.
2015). Energy is then calculated by converting the measured lipid and protein weights to energy
units with the appropriate standard ED factors (39.54 kJ/g lipid, 23.64 kJ/g protein; Henken et al.
1986, Morley et al. 2012). The fractions water and ash do not have any energetic value, and are
not used in calculating the total energy or ED. Alternatively, total energy and ED can be
determined with the use of a bomb calorimeter, which measures heat generated from combusting
a dried sample. This is a common approach that has been applied to a large number of studies
(Hermann et al. 2025). Although we did not analyze any samples using bomb calorimetry, as a
viable alternative it may be used in the future. Therefore, we include it as a possible data source
in the upload options described in section 3.1.1.

With these established %DW-ED relationships, most sample processing ends when a final dry
weight is reached, as an ED estimate can be generated from the species-specific %DW-ED
regressions. However, FF stores the current %DW predictive range for each species (Figure 5)
and if after the drying process, the calculated %DW falls outside of the existing range, the user is
prompted to save the sample for subsequent PCA (Figure 6). When samples are saved for
analysis, FF allows the user to record the organization and date sent and received for specific
samples and accepts uploads of PCA or bomb calorimetry data provided by outside institutions
(Figure 7). Saved samples are individually bagged and stored at —20 °C until further analysis
(PCA or other). Real-time comparison of the observed %DW to the existing predictive range by
FF allows for the improvement of the predictive range of %DW-ED relationships and prevents
prediction outside of the range for the existing regression. To date, all direct measures of ED are
from PCA done at UMASS Dartmouth, however other options may be utilized in the future.

3.0 DATA PROCESSING

All of the data associated with forage fish energy content resides in various tables within the
FSCS2 schema on the NEFSC production database (NEFSC DB _PROD). For example, the
initial workup data (length, weight, cruise6, organism ID) is stored in the FF_PAN table, and
subsequent dry weights are stored in the FF_DRY_RESULTS table. These support tables are not
visible to general users, but are used by FF and Reproduction and Condition program to record
data and generate reports. All of the audited and unaudited data is summarized in the
FF_WORKING view, which displays measured and derived values in wide format with a single
row per individual fish. The FF_WORKING view is continuously updated as data is collected,
and this view is used to run various checks for QA/QC.

3.1 Importing Additional Data and Updating Predictive
Models

Additional data, either prior (historical) wet and dry weight data, PCA data, or bomb calorimetry
data for samples not processed using FF can be uploaded to the database. These data can then be
reviewed and audited. Individual records of uploaded additional data can be searched and viewed



in the main FF window, but usually only the final dry weight was uploaded. The ability of FF to
prompt a user to save samples that are outside the existing %DW range (for a species) allows for
continued improvement (increased accuracy and/or precision) of ED estimates from %DW. The
processes of uploading additional data, and incorporating it into improved regression models is
described in more detail below.

3.1.1 Importing Historical Data or Proximate Composition Analysis and
Bomb Calorimetry Data

In the FF file menu drop down there is an import data option that can be used to import historical
and PCA data (Figure 8). For the purpose of data import, bomb calorimeter data is treated as a
special case of PCA data where only the measured total energy is provided. As such, any bomb
calorimetry data is referred to as PCA data within FF, but it would be identifiable as having only
measured total energy, and no lipid and protein values. The import historical data feature is used
for any samples that do not already exist in the database (i.e., they were processed outside of FF,
either before the development of FF or at another laboratory by a collaborating organization).
This feature was used to import the 5+ years of data collected before FF was in operation. A bulk
of historical data (n = 8,054) for cruises 201702 to 202302 was imported on 04-18-2025, and
shows that date as the initial workup date. The import historical data tool accepts .csv file format
(see Appendix D for an example). Prior to import, historical and PCA data are audited. After
incorporating new data, program staff can also revert the audit status of a cruise(s) and re-run the
audit process (see section 3.3) to evaluate the imported data (alongside the existing data) for
outliers.

When samples have been sent out for further analysis (PCA or bomb calorimetry), FF can import
the additional data associated with samples already in the database (e.g., lipid, protein, ash, water
from PCA, or measured total energy from bomb calorimeter). The upload PCA data tool
accepts .csv file format (see Appendix D for an example). The import tool will identify any
records that already have PCA data (Figure 9). This feature prevents unknowingly overwriting
any existing PCA data. After evaluating any issues that are listed, once the ‘insert data’ option is
selected the data is uploaded to the appropriate tables in the database and is viewable in FF
(Figure 10).

3.1.2 Incorporation of Additional Proximate Composition Analysis Data to
Increase Predictive Range of Regressions

When additional PCA data are obtained (as identified above for samples beyond the existing
%DW range), this can increase the predictive range of the species-specific %DW — ED
relationships that are used to predict ED. Potential changes in regression parameter values are
evaluated when new MEASURED_ED_KJ PER_G_WET_WEIGHT data (either from PCA or
bomb calorimetry) is added to the database. The current regression (that uses the current PCA
dataset) is compared to the updated regression (that includes the new data) using a linear model

of the form:
ED ~ %DW + Dataset + %DW : Dataset



where ED is energy density, Dataset is either the previous PCA dataset or updated PCA dataset
including the new values, and %DW : Dataset is an interaction term that allows the slope to vary
by dataset to identify slope and intercept differences. QQ plots are examined to assess model
assumptions and identify any problematic residual patterns in the updated PCA dataset. If the
new models do not violate assumptions, the species-specific %DW range (minimum and/or
maximum) and regression parameters are updated within FF (Figure 5). Prior estimates of ED
for the species are re-predicted with the new, updated parameters and the
PREDICTED _ED CURRENT_KJ PER_G WET_WEIGHT column is re-calculated whenever
new slope and intercept parameters are updated in FF (Table 1). Because this column uses the
most recent regression parameters to estimate ED from %DW, it is considered to be the best
available estimate of ED. All regression parameters are preserved and maintained in the
FF_ED_REGRESSIONS table within the FSCS2 schema (Appendix C).

3.2 Reports

Several report functions in FF (under the Reports menu) provide information to assist and
monitor sample processing. The Collected Samples Report queries FSCS2 tables by cruise for all
samples collected under the fish energetics request and is filterable by species (Figure 11). The
report provides a list of the samples collected with the following information: Cruise, Station,
Species, Bag Count (number of sample bags for that species at that station), Fish Count (number
of individuals saved), Processed (number of individuals processed in FF), and FSCS Barcodes
(unique alphanumeric code associated with each sample bag(s)). The header also provides a
summary: ‘# Organism(s) collected in # Bag(s), in # Pan(s)’. This allows program staff to
quickly see how many samples were collected and how many have been processed so far in real-
time. This indicates what remains to be processed and/or helps confirm all collected samples for
a given survey have been processed before audit processes can begin. If necessary, the data can
be exported as a .csv and filtered further.

The Processed Samples Report provides more detailed information for samples that have been
scanned into FF and processed (Figure 12). Like the Collected Samples Report, the Processed
Samples Report is filterable by cruise and species. This report includes samples that have been
omitted, so that a full accounting of processed samples can be determined. The report displays
the following information: Pan ID, Cruise, Station, Species, Length (mm), Pan Weight (g),
Organism + Pan Weight (g), Final Dry + Pan Weight (g), Organism Weight (g), Final Dry
Weight (g), Water Content (g), %Dry Weight, Initial Workup Date, Omitted, Audited, Saved,
Organization, Date Sent, Date Received, and Comments. Double-clicking on an individual Pan
ID in the first column, will open that Pan ID in the main window to review. The data can be
exported as a .csv file to provide summaries (e.g., create a list of saved specimens for a specific
organization).

The Active Pans Report provides a full accounting of samples that are currently being dried
(Figure 13). This includes all non-omitted samples that have been scanned into FF, for which a
pan was created, but a final dry weight has not been selected. This represents all of the samples
currently drying in the oven. The report shows the following information: Cruise, Pan ID, Initial



Workup Date, Initial Pan Weight, Organism + Pan Weight, and Latest Dry Date. Double-
clicking an individual Pan ID in the second column will open that Pan ID in the main window to
review. This report indicates which samples need to be weighed on a given day and confirms all
necessary dry weights have been recorded in FF. The active pans report is useful for daily lab
management and processing.

3.3 Data Auditing

Audit procedures commence when all samples from a cruise have been processed (dried to a
constant weight). During the audit, the auditor uses an R script to visualize and summarize FF
data by species. The audit code directly accesses the FF_ WORKING view to read FF data into R
Studio (R Core Team 2024) and uses the AUDIT_STATUS column to differentiate the most
recent, unaudited cruise data from previously audited records.

The ggplot2 package is used to produce several plots for each species: Length vs. wet weight,
length vs. dry weight, length vs. %DW, and wet weight vs. %DW scatter plots (Figure 14;
Wickham 2016). To assist in the detection of outliers, the audit code utilizes the local outlier
factor (lof) function within the dbscan package to produce a lof score for each data point
(Hahsler et al. 2019). Each lof score represents how isolated a particular point is with respect to
the surrounding neighborhood of points (e.g., using a MinPts value of 11; evaluates how outlying
a point is in comparison to the 11 nearest neighbors). Currently, if a calculated lof score exceeds
5, the point is labeled with the Pan ID so that a user can investigate and appropriately address
potential data entry errors within FF (Figure 14). Species-specific tables with summary statistics
and distribution line plots are also automatically created to provide the auditor detail regarding
potential ED changes over time (Figure 15; lannone et al. 2024; Mock 2024).

Identified outliers may be corrected (in the event of an obvious data entry error), omitted (user is
unable to deduce the data entry error), or left as is (true outlier). If any changes are made to a
sample record, they are noted in the comment field (e.g., “Audit: Length changed from  to

on date by user initials). When the auditor has addressed all the issues evident in the initial
audit, the audit script is re-run so that the plots can be re-generated to ensure the resolution of
any issues within the recent cruise data. If the recent cruise data looks satisfactory, the auditor
updates the audit status of the cruise within FF (Figure 16). All non-omitted records associated
with audited cruises are available in the FF_ ENERGY_DENSITY view within the FSCS2
schema.

4.0 DATABASE VIEWS and ACCESS

The final calculated values and data (excluding omitted samples) are accessible in the
FF_ENERGY_DENSITY view in FSCS2 (Figure 17). This FF_ENERGY_DENSITY view is in
a wide format like FF_WORKING, but with a reduced number of columns (Table 1, Figure 17).
Access privilege to the FF_ENERGY_DENSITY view is provided to users under the
SVDBS_USER role. Analysts interested in these data should request access from the PEMAD
Data Manager. The PREDICTED_ED _CURRENT_KJ PER_G_WET_WEIGHT uses the best
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available prediction model. The PEMAD/PBB/Fish Reproduction and Condition program audits
and updates this view.

5.0 SUMMARY/CONCLUSIONS

Forage species play a pivotal role in the transfer of energy from lower to higher trophic levels.
The ED of forage species in the region is variable over seasonal, annual, and spatial scales
(Wuenschel et al. 2024), which can have significant impacts on the productivity of these stocks
as well as other fishes, birds, and mammals that feed on them. With continued monitoring of ED
of key species since 2017, the now nearly 10-year time series provides useful data for analyses
related to the forage species examined, and other stocks that feed on them. For example, egg
production in many fishes is related to energetic condition, so forage stocks experiencing below
average condition might be expected to produce below average fecundity (Marshall et al. 1999;
McBride et al. 2015). Therefore, assessment of the managed species included in this database
(Atlantic herring, Atlantic mackerel, butterfish, silver hake, longfin squid, and northern shortfin
squid) should explore use of this ED time series to better understand patterns in observed
condition, growth, and reproduction. Similarly, for predator species that feed heavily on the
forage species analyzed, this data could be equally valuable. Both intra- and inter-specific
changes in diet quality have been implicated in the productivity of higher trophic levels, such as
Atlantic salmon (Renkawitz et al. 2015) and bluefin tuna (Golet et al. 2015; Nadeau et al. 2025).
Since the value of forage species as prey is determined (in part) by the ED models of
consumption will be more realistic if they are able to account for variation in prey quality in time
and space. More broadly, since forage species serve as an integration of environmental
production over relatively small spatial and temporal scales (weeks, months), the environmental
drivers of forage ED should be explored at these scales. If such linkages can be established, it
may be possible to use such environmental indices as proxies to extend the time series of forage
ED for analyses over longer periods.

Information on ED of forage species represents ‘value-added’ data for samples collected during
routine NEFSC spring and fall bottom trawl surveys. Recent advances in the software
application (FF) and protocols described here allow for efficient sample processing, data
auditing, and data storage and access in an enterprise database. Samples can be tracked
completely throughout the process from the initial specimen obtained at sea to the conclusion of
sample processing in the laboratory. The use of barcode scanning at all steps improves efficiency
and data quality by reducing any manual data entry errors related to the sample ID. In addition,
since the data tables and views reside in the FSCS2 schema, they can be easily linked and
merged with other relevant data (e.g., station location, depth, temperature etc.) by analysts.
Updated summaries of ED data for selected key forage species is reported in the annual State of
the Ecosystem reports prepared for both the Mid-Atlantic and Northeast Fisheries Management
Councils.

The emerging time series of forage fish ED provides enhanced observations of ocean resources
to improve management advice. Continued monitoring of energetic status will enable researchers
to evaluate mechanistic linkages between forage fish ED and the environmental variables that
influence productivity. Similarly, this information may improve our understanding of the
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downstream effects of forage fish ED on recruitment and growth of these important keystone
species and the many, commercially valuable predators that depend upon them.
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7.0 TABLES AND FIGURES

Table 1. Column name, field descriptions, and units for the FF_ENERGY_DENSITY view within
the NEFSC production database (FSCS2.FF_ENERGY_DENSITY). Proximate composition
analysis (PCA) was performed on a subset of samples so LIPID CONTENT_G,
PROTEIN_CONTENT _G, and ASH_CONTENT _G information is not available for every record.
There are a few, omitted records (due to missing Cruise and Station data), which are included in
the appropriate species-specific percent dry weight (%DW) — energy density (ED) regressions
because they have associated PCA data. The PREDICTED_ED_CURRENT KJ PER
_G_WET_WEIGHT uses the most recent regression parameters to estimate ED from %DW and is
considered to be the best available estimate of ED.

COLUMN_NAME FIELD DESCRIPTION UNITS
PAN_ID Unique sample identification number HHHHHE
#
CRUISE_ID NEFSC cruise identification number i
STATION Survey station associated with sample i
SPECIES Genus species (common name)
LENGTH_MM Fork, total, or mantle length (for squid species) mm
ORGANISM_WEIGHT G Wet weight of sample g
FINAL_DRY_WEIGHT_G Weight value when successive weight g

measurements are less than 0.101 g (for larger
samples with a >100 g wet weight) or less than
0.01 g (for smaller samples with <100 g wet
weight).

WATER_CONTENT_G Equal to the difference between the wet weight | g
and final dry weight of a sample
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COLUMN_NAME FIELD DESCRIPTION UNITS

PERCENT_DRY_WEIGHT Equal to final dry weight divided by wet %
weight times 100

LIPID_CONTENT_G Lipid weight measured by gravimetric PCA g

PROTEIN_CONTENT_G Protein weight measured by gravimetric PCA g

ASH CONTENT G Ash weight measured by gravimetric PCA g

TOTAL_ENERGY_KJ Lipid weight * 39.54 kJ/g + protein weight * kJ
23.64 kl/g

MEASURED_ED_KJ PER_G_ | Total energy / wet weight kJ/g

WET_WEIGHT

PARAMETER_SLOPE Current slope parameter from the species-

specific %DW — ED linear regression equation
PARAMETER_INTERCEPT Current intercept parameter from the species-

specific %DW — ED linear regression equation
PREDICTED_ED_ORIGINAL_ Original ED estimate using the appropriate, kJ/g
KJ PER_G WET_WEIGHT cruise and species-specific %DW-ED

regression equation. This serves as a record

of historical ED values used to create earlier

reports.
PREDICTED_ED_CURRENT_ | Estimated ED that uses the current, species- kJ/g
KJ PER_G WET_WEIGHT specific %DW-ED equation. This is the

estimated energy density to be used in

analyses.

COMMENTS Sample-specific comments

AUDIT_STATUS Y/N indicates whether or not a record has been | Y/N
audited
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& Forage Fish - (m} X

File Settings Tools Reports Help
sl
¥ @ X

Pan Information Nor OmITTED

Cruise: Station: FSCS Barcode: Pan ID:

202304 AuDITED 97 31C1A4AFBEBF4E69 $P000860

Species: Created By: | A
Etrumeus teres (round herring) YVONNA PRESS

Initial Workup Date: Water Content (g): Final Dry Weight (g): B PRINT Laset

10-19-2023 11.407 10.925 {Efg

PN
Comment:
B ‘ Length (mm): Pan Weight (g): *Organism Weight (g):

L 114 QJ 6.728 SJ 22332 OJ
~ | Proximate Composition 2 % Saved for Analysis

Organization: Date Sent: Date Recieved: =

{UMASS v | [setect a date ' 5/2/2025 |

Lipid Content (g) Protein Content (g)  Ash Content Total Energy (kJ)a Energy Density (kJ/g) B C
0.546 3.1 0.563 95.109 6.095

a = (Lipid Content in g x 39.54 kJ/g) + (Protein Content in g x 23.64 kJ/g)

Dry Data
*Add Dry Weight (g):

L °)

D Dry Date *Dry Weight (g) Dry Diff %DW Done Final Comments
10-27-2023 10925 0.007 |mum 2690 o W
10-26-2023 10.926 b 26.90
E ‘{ 13 Organism(s) Collected in 5 Bag(s), 13 In Pan(s) v1.0.1.6

Figure 1. Forage Fish data entry screen. Section A includes the omit/not omitted button and
audit status as well as the attributes that are auto-populated after scanning a Fisheries Scientific
Computer System (FSCS) barcode. Section B shows the data collected during the initial workup.
Section C includes proximate composition analysis and tracking information for samples that
are saved for further analysis. Section D displays subsequent measurement dates and dry
weight(s) with the most the recent listed at the top, and percent dry weight calculated for each
dry weight. Based on the change in weight thresholds described in the text (section 2.2.1), if the
sample is considered “done” based on the change in weight between two last records, the green
circle checkmark icon appears in the Done column. Section E denotes the number of samples
(““13 organisms collected”) and bags (“5 bags”) for that species and cruise as well as the number
that have been worked up in the laboratory (“13 in pans”).
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& Forage Fish - O X
File Settings Tools Reports Help

¥ @ X

Missing Scale Definition File

O
Pan Information OmiTTED -
Cruise: Station: FSCS Barcode: Pan ID:
202404 Nor AupiTeo et EFE6GCA9B18B54260 $P002670
Species: Created By:
Merluccius bilinearis (silver hake) JOSEPH WARREN
Initial Workup Date: Water Content (g): Final Dry Weight: & PrinT Laser
10-03-2024 Faosus Day Wasert NoT SascTs T e
Comment:
damaged —
Length (mm): Pan Weight (g): *Organism Weight (g):
v | Proximate Composition Save for Analysis [_]

Dry Data
*Add Dry Weight (g):

Dry Date *Dry Weight (g) Dry Diff %DW Done Final Comments

‘& Delete Selected Item
*OrGANISM AND DrY WEIGHTS INCLUDE THE PAN WEIGHT

Figure 2. Forage Fish window for an individual sample. Users can omit an individual fish by
clicking on the “omitted” button and provide a comment with the omission rationale.

15



- " — 3 A\
Cnise 0. 202404 Station-265
Sardinella aurita (Spanish sardine)

Date 20u0n 162134z Fish Energetics
Freezs mutiple specimens par bag st-40

‘ l “ .,‘
T

Figure 3. Typical sample processing of collected forage fishes. Panel A: The fork length
measurement and the Fisheries Scientific Computer System (FSCS) label that was generated at
sea is scanned to create a label with a unique Pan ID (and barcode) that is affixed to the bottom
of the pan. Panel B: After the initial weight of the empty pan with label is recoded, the weight of
the pan plus fish wet weight are recorded. The sample is then placed in the drying oven. Panel C:
The measurement of the first dry weight after 7 days in the drying oven.
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& Forage Fish - (m] X
File Settings Tools Reports Help

¥ @ X

Missing Scale Definition File

Pan Information Not OmiTTeD

Cruise: Station: FSCS Barcode: Pan ID:
202402 465 52F64BFABEG84988 $P002154
Species: Created By:
Alosa pseudoharengus (alewife) JOSEPH WARREN
Initial Workup Date: Water Content (g): Final Dry Weight: @ PrinT Lases
13- 4
08-13-2024 142.290 72.362 [}
Comment:
white
Length (mm): Pan Weight (g): *Organism Weight (g):
241 V] ‘ 13428 o ' 214,652 (V]
~ | Proximate Composition Saved for Analysis [/]
Organization: Date Sent: Date Recieved:
|UMES »){selectadate [i3)|Iselectadate [i3)|
Lipid Content (g) Protein Content (g)  Ash Content Total Energy (k))a Energy Density (k)/g)
No Results No Results No Results No Results No Results

a = (Lipid Content in g x 39.54 kJ/g) + (Protein Content in g x 23.64 kJ/g)

Dry Data

*Add Dry Weight (g):

| Dry Date *Dry Weight (g) Dry Diff %DW Done Final Comments
08-22-2024 72.362 - 0052 | 2929 J < £ -
08-21-2024 72414 0.143 | 2931
08-20-2024 72.557 0.138 | 2938
08-19-2024 72.696 = 2945

*ORGANISM AND DRY WEIGHTS INCLUDE THE PAN WEIGHT

Figure 4. Example of Forage Fish alerting the user that a sample is “done” or dried to a stable
weight. For this 201.224 g Alewife, Alosa pseudoharengus, (Organism Weight — Pan Weight),
the last two dry weight measurements differ by less than 0.101 g, which results in the

appearance of the green circle checkmark icon and the user manually checking the “Final” dry
weight box.
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& Species Parameters = a X

Species Percent Dry Weight Range

CONFIGURED Species Name:

Alosa pseudoharengus (alewife) Clupea harengus (Atlantic herring)
Ammodytes ITIS Code

Ammodytes dubius (northern sand lance) 161722

Etrumeus teres (round herring) Dry Weight Range

lllex illecebrosus (northern shortfin squid) Range Minimum:

Loligo pealeii (longfin squid) 17.30

Loligo pealeii (longfin squid)
Merluccius bilinearis (silver hake)
Peprilus triacanthus (butterfish) S6.00
Sardinella aurita (Spanish sardine)
Scomber japonicus (chub mackerel)

Range Maximum:

ED - %DW Regression

) Slope:
Scomber scombrus (Atlantic mackerel)
0.385
Intercept:
-3.643
Save ] [ Close
& ED - %DW Regression Parameters = ] X

Species:
Clupea harengus (Atlantic herring)
Start Cruise:
7 SRR
ED-%DW Regression
Slope:
0.385

Intercept:
-3.643

[ Save | Cancel |

Figure 5. From the settings menu of Forage Fish, the Species Parameters allows for updates to
the percent dry weight (%DW) range (minimum and maximum) and regression parameters for
energy density (ED) as a function of the %DW when new proximate composition analysis data

is available. When updating regression parameters, the user must select the start cruise when the
parameters go into effect.
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]

File Settings Tools Reports Help

¥ o X

NG Sartorious [7] | MeTTLER O

Pan Information Not OmiTreD

Cruise: 51_4 Percent Dry Weight
Species: | o Percent Dry Weight of 29.70 is outside the range of 21.1 to 29
Alosa pseudoharengus (alewife) for this species
Initial Workup Date: Wﬂl Do you want to save it for Proximate Compaosition Analysis? LaseL
08-13-2024 Fie
Comment:
o] o~
cut open
Length (mm): Pan Weight (g): *Organism Weight (g):
224 V] 6.819 B l 137574 (] l
v | Proximate Composition Save for Analysis D
Dry Data
*Add Dry Weight (g):
)
Dry Date *Dry Weight (g) Dry Diff %DW Done Final Comments
- 08-22-2024 45.654 0.087 | 29.70 o
08-21-2024 45.742 0195 |mmem 29.77
08-20-2024 45937 0197  |m 2992
08-19-2024 46.136 e 30.07

"3 Delete Selected Item

“Orcanism AND Dry WeiGHTS INCLUDE THE Pan WeiGHT

Figure 6. Forage Fish prompt (pop-up) that appears after a sample meets the “done” criteria
(consecutive dry weights are <0.101 g for samples with initial wet weight >100 g or <0.01g for
samples with initial wet weight <100 g) and the resulting percent dry weight (%DW) falls
outside the existing %DW range of samples with proximate composition analysis
measurements of energy density.
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& Forage Fish — (m] X

File Settings Tools Reports Help
¥ & X

Missing Scale Definition File

Pan Information Nor OmitTeo

Cruise: Station: FSCS Barcode: Pan ID:
202304 m 218 F225D72F11FA43DB $P001205
Species: Created By:
Clupea harengus (Atlantic herring) YVONNA PRESS
Initial Workup Date: Water Content (g): Final Dry Weight: @ PriNT Laser
01-18-2024 116.233 51.161 a%‘
Comment:
Length (mm): Pan Weight (g): *Organism Weight (g):
245 9 l 7.755 a ' ‘ 167.394 (V] '
A | Proximate Composition (] Saved for Analysis M
Organization: Date Sent: Date Recieved:
UMES 21312024 [i5)|[selectadate [53)!
- UMASS . Ash Content Total Energy (k))a Energy Density (kJ/g)
No Results No Results No Results

a = (Lipid Content in g x 39.54 kJ/g) + (Protein Content in g x 23.64 kJ/g)

Dry Data
*Add Dry Weight (g):
Dry Date *Dry Weight (g) Dry Diff %DW Done Final Comments
= 01-30-2024 51.161 0075 |mum 27.99 ] © M
01-29-2024 51.255 0.102  |fwm 2725 i
01-25-2024 51.638 e 2749

[ "éoeletesaecteduem]

*ORGANISM AND DRY WEIGHTS INCLUDE THE PAN WEIGHT

Figure 7. If a sample is saved for further analysis, this is recorded within Forage Fish by
selecting the appropriate organization with the option to record the date sent and/or
received. Organizations are editable via the Settings > Organization Management.
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& Foraga Fish - O X a
File Settings Tools Reports Help

NewPan  CtilsN & Import Data - 0O X
¢® Openfan  CirleO
P ition File -Wonmate Composition | Historical Pans

Proximate Composition Data File:

. FSCS Barcode: Pan 10: -
L 2CB0BC4C29448D4 $PO12440
< Alt+F4 Created By:
N JOSEPHWARREN & Loaded 0 Proximate Compasition Item(s). 0 items have Issue(s)

Initial Workup Date: Water Content gk Final Dry Weight (gl PrinT Lase Data Pr "

05-28-2025 o

Comment: Issues (¥ PanID Lipid Content (g) Protein Content (g) Ash Content (g) Measured Total Energy (kJ)

Length (mm}: Pan Weight (g) *Organism Weight (gl

(= o) = 2} ([ 522 o)

+  Proximate Composition Save for Analysis []
Ory Cata
*Agd Dry Weight (g):

Note: Saving items with issues will replace the existing data

B Click on the checkbox in the header to Select/Unselect all items Close
& Import Data = (m} X

Proximate Composition | Historical Pans

Historical Data File:
C\Users\joseph.warren\Desktop\FFA_05_01_24_Import\pan1_50_imported.xdsx -

\ Load Data

Loaded 50 Pan(s)

Data Preview

#| Cruise Station Organismid Species Length Pan Weight Organism Weight Final Dry Weight Workup Date Lipid Content (g) Protein Content (g)
(] 201702 67 34674 Alosa pseudoharengus (alewife) 170 0.000 104.060 37.020 04/18/2025 15.980 17.940 =
] 201702 68 34944 Alosa pseudoharengus (alewife) 138 0.000 50.980 12260  04/18/2025 1630 9.070
[+ 201702 69 35112 Alosa pseudoharengus (alewife) 225 0.000 131.650 27.790  04/18/2025 1.540 21.900
[¥] 201702 69 35112 Alosa pseudoharengus (alewife) 145 0.000 44.480 9980 04/18/2025 1.040 7.600
] 201702 69 35112 Alosa pseudoharengus (alewife) 135 0.000 51610 11.830  04/18/2025 1210 9.040
¥ 201702 69 35112 Alosa pseudoharengus (alewife) 140 0.000 65.590 16050  04/18/2025 2.800 11.240
V] 201702 70 35497 Alosa pseudoharengus (alewife) 135 0.000 34830 7910 0411872025 0690 6.070
V] 201704 114 46193 Alosa pseudoharengus (alewife) 183 0.000 104.000 22800 04/18/2025 1670 17990 _
1 21704 114 4A193 Alnsa nseudnharenos (alewife) 180 nnon 127 300 WaANN  NArRANS 23an 22 58N

o m »

Insert Data Jj

Click on the checkbox in the header to Select/Unselect all items Close
J

Figure 8. Historical and proximate composition analysis data can be imported into Forage Fish
(FF) by navigating to Import Data within the File menu. An import data screen will open and
the user can select the appropriate tab (Proximate Composition or Historical Pans; A). The user
can then upload the appropriate .csv file (B). FF will generate a data preview and allow the user
to verify the records slated for import. Clicking Insert Data will complete the data import to FF.
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& Import Data = (] x

Proximate Composition | Historical Pans

Proximate Composition Data File:
ChUsers\joseph.warren\Desktop\FFA_05_01_24_Import\PCA_05_02_25_IMPORTED.xlsx [:]

[ Load Data

Loaded 38 Proximate Composition Item(s). 1 items have Issue(s)

Data Preview | lssues

Row Message

2 Pan $P000256 already contains Proximate Data

[ Insert Data

[ Close

Figure 9. Before uploading proximate composition analysis (PCA) data to the database, Forage
Fish identifies any records that already have PCA data in the issues tab. This alerts users to any
data that would be overwritten so potential issues can be addressed.

& Import Data = O *

Proximate Composition | Historical Pans

Loaded 7150 Pan(s

Diata Preview

Cruise  Station Organism Id Species Length Pan Weight Organism Weight Final Dry Weight Worku

o 2 Clupea harengus (A ¢ herring) 0.00 146.04
| 2 “lup renc 33.75 4
7 2 “lup reng 245 33.12 4
2 4 Clup g 15 4594 11,62 4
| 2 4 Clup g 435 31.11 4
| 2 40277 Clup: C 40 14.41 41
wl| 3 A1 [} NaTs . A 1§
m L
- . Saving Pan 854 of 8004...

Close

Figure 10. After the user clicks “Insert Data” the records are imported by Forage Fish
and uploaded to the appropriate tables in the database.
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& Forage Fish - [u] X & Collected Samples Report (u]
File Settings Tools Reports Help Cruise: | 202502 b
- ==ty
¥ o X £ Active Pans oo B
\
£ Processed Samples
< [ty 3 © Gener [ = Excel
o= Collected Samples ate Report || Bxport 0
Peolohmetion’ | I ~) Filter Results
Cruise: Station: FSCS Barcode: Pan ID: — = = -
202502 Not Auoireo [IENG) 2CB08CA6C29448D4 $P012440 A oth > 3
2 Cruise  Station Species Bag Count Fish Count Processed FSCS Barcode(s)
s;'“’; s G c"'":ﬂ:’l"A N 202502 | 238 |Alosa gus (alewife) 1 1 1 | aa7ssscccszraeal |+
DIRDSE Rt VS ket RACREL AR & P 202502 | 278 |Alosa (alewife) 1 3 3 | esearreizasoasss | 1)
Initial Workup Date: Water Content (g): Final Dry Weight (g): Y Lnm. 202502 | 294 | Alosa pseudoharengus (alewife) 1 1 1 | 7AcospABEs3CAs27 | |
05-28-2025 ac. Duy W N . . 202502 | 304 | Alosa pseudoharengus (alewife) 1 1 1| 8ES31E1DEB364332
Comment: 202502 in Alosapse\mhavﬂus(akwﬂe) 1 1 1 3988F980951147C8
202502 375 | Alosa pseudoharengus (alewife) 1 4 0 | 2CA@82202£0842A8
202502 | 377 | Alosa pseudoharengus (alewite) 1 4 0 | E71BE61060744204
= — 202502 | 379 | Alosa pseudoharengus (alewite) 1 4 0 | 9E3CD465C21440A5
ok il el 213 e 202502 | 383 |Alosa pseudoharengus (alewife) 1 4 0| BEASD278FA44CES
181 9 8254 & 53933 L/ 202502 | 385 |Alosa (alewife) 1 4 0 | 2c125457D20E4077
£ | 202502 | 396 |Alosa pseudoharengus (alewife) 1 2 0 | EBS69FA179CS4AED
) Proximate Composition Save for Analysis [] 202502 | 416 |Alosa pseudoharengus (alewite) 1 4 0 | @F923F43EB4242E8
202502 | 418 [Alosa (alewife) 1 4 0 | ACS5D65040944C68
Dry Data 202502 | 420 |Alosa gus (alewife) 1 4 0 | 7934D1F8105340CB
: 202502 | 423 |Alosa us (alewife) 1 4 0 | BeAB2B4AFIBFAFIS
*Add Dry Weight (g): gu
— = 202502 | 437 [Alosa (alewite) 1 4 4 | 20EBCACA94F342A5
— 202502 | 512 |Alosa gus (alewite) 1 4 0 | €3208C7043094010
DryDate  *Dry Weight (g) Dry Diff %DW Done Final Comments | 202502 | 514 [Alosa gus (alewife) 1 4 0 | CFEFaAAD889443E4
06-05-2025 17.389 w2000 202502 | 516 | Alosa pseudoharengus (alewife) 1 4 0 | 29007BC3FA224008
202502 | 518 |Alosa pseudoharengus (alewife) 1 4 0 | OFF998427666444C
202502 | 520 | Alosa pseudoharengus (alewite) 1 4 0
202502 | 522 | Alosa pseudoharengus (alewife) 1 4 0 | 08FB7E3AC7E24D19
202502 | 524 | Alosa pseudoharengus (alewite) 1 4 0 | A@SBEGDB2FBCA176
202502 | 527 | Alosa pseudoharengus (alewite) 1 4 0 | 7363FE24BCF94E96
202502 | 531 [Alosa (alewife) 1 4 0 | £3252820FD2€46F2
. 202502 | 533 [Alosa qus (alewife) 1 4 0 | 25068554F1554E0E
st ete Selected Item NN L€ L Alaca mravdnhascanne (alasibal 1 A n DORLIVAENCHNATILS. 24
131 Organismis) Collected in 37 Bag(s), 110 In Pan(s) V1016 | | Coe |

Figure 11. Forage Fish Collected Samples Report appears in the Reports tab (arrow, A).
The report is filterable by cruise and species (B). The summary header (arrow, B) indicates
the numbers of organisms collected, bags of samples, and how many have been or are
currently being processed (dried and omitted).
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& Processed Samples Report

Cruise: | 202404 -

Species: [Loligo pealeii (longfin squid) v|

| (2 Generate Report | ‘@& Export to Excel |

~ | Filter Results

200 Pan(s)

Pan ID Cruise Station Species Length (mm) Pan Weight (g) Crganism + Pan Weight (g) Final Dry + Pan Weight {(g) Organism Weight (g)
§P002850| 202404 26 |Loligo pealeii (longfin squid) 161 6.954 126.151 35.802 119.197
§P002851| 202404 26 |Loligo pealeii (longfin squid) 51 2.035 7.965 3429 5.830
$P002856 | 202404 281 [Loligo pealeii (longfin squid) 157 6.939 137.4%8 37.554 130.559
$P002857 | 202404 281 [Loligo pealeii (longfin squid) 140 6.934 93.27 26499 86.336
§P002858 | 202404 247 [Loligo pealeii (longfin squid) 140 6.914 83.392 24.2211 76478
§P002859| 202404 247 [Loligo pealeii (longfin squid) 186 6.897 165.579 42479 158.682
$P002860 | 202404 20 |Loligo pealeii (longfin squid) 167 6.973 154.993 4048 148.020
§P002861| 202404 20 |Loligo pealeii (longfin squid) 120 6.96 66.158 20.038 59.198
§P002866 | 202404 268 [Loligo pealeii (longfin squid) 120 6.867 61.634 19.394 54.767
§P002867 | 202404 268 [Loligo pealeii (longfin squid) 102 6.874 53.354 17.133 46480
$P002868 | 202404 280 | Loligo pealei {lengfin squid) 113 6.809 44516 15.728 37.707
§P002869 | 202404 286 |[Loligo pealeii (longfin squid)

A n
Continued. ..
— a X

Final Dry Weight (g) Water Content (g) % Dry Weight Initial Workup Date Omitted Audited Saved Organization Date Sent Date Received Comments

28.848 90.249 24.202 10-24-2024 Na Na Yes

1.394 4.536 23.508 10-24-2024 Na Na Yes
30615 90.044 23.449 10-24-2024 Na Na Yes
19.565 66.771 22661 10-24-2024 No Na Yes
17.307 59.171 22,630 10-24-2024 No No Yfes
35.582 123100 22423 10-24-2024 No No Yes
33.507 114513 22637 10-24-2024 Na Na Yes
13.078 46120 22,092 10-24-2024 No Na Yes
12527 42.240 22.873 10-24-2024 Na Na Yes
10.259 36.221 22072 10-24-2024 No Na Yes

8919 28.788 23.653 10-24-2024 Na Na Yes

10-24-2024 Mo No damaged

3

Close |

Figure 12. Forage Fish Processed Samples Report appears in the Reports tab. The report is
filterable by cruise and species and has 20 columns (shown split here to improve legibility). The
summary header (“200 Pans”) indicates the total number of organisms processed, including
samples that were omitted.
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A

© Forage Fish - o & Active Pans Repo
File Settings Tools Reports Help 50 nemis)
¥ & X £ Active Pans - Cruise  PaniD Initial Workup Date Initial Pan Weight *Organism Weight Latest Dry Date
B o Seeie 202502 |§9012440 05-28-2025 8254 53933 | 06-05-2025
Missing S 202502 |$P012441 05-28-2025 8255 70857 | 06-05-2025
o o Collected Samples 202502 |$P012443 05-28-2025 825 64214 | 06052025
o kcneion 202502 |$P012446 05-28-2025 8247 63642 | 06052025
202502 |$P012447 05-28-2025 826 65872 | 06-05-2025
o Pl P oy 202502 | $p012448 05-28-2005 8235 55381 | 06-05-2025
00502 Il ERCHCAML Lot 202502 [$P012450 05-28-2025 824 53823 | 06-05-2025
Species: Created By: 202502 |$P012451 05-28-2025 8239 48967 | 06-05-2025
Scomber scombrus (Atiantic mackerel) JOSEPHWARREN 202502 |$P012452 05-28-2025 823 63495 | 06-05-2025
PrINT Lasew 202502 [ $P012455. 05-28-2025 3241 83.054 | 06-05-2025
prppsta S EaLITNGL LS. - 202502 |$P012456 05-28-2025 8241 80344 | 06-05-2025
05-28-2025 - 202502 |$P012457 05-28-2025 8243 80658 | 06-05-2025
Comment: 202502 |$P012458 05-28-2025 8262 5341 | 06052025 r
202502 |$P012461 05-28-2025 8257 90353 | 06-05-2025
202502 |$P012462 05-28-2025 8245 73018 | 06-05-2025
Length (mm): Pan Weight (g): *Organism Weight (g): 202502 |$P012464 05-28-2025 3254 154081 | 06-05-2025
7 ® e 8 ® 202502 | $P012467 05-28-2025 8267 172324 | 06-05-2025
202502 [$P012469 05-28-2025 8208 118805 | 06-05-2025
202502 [$P012470 05-28-2025 8209 74442 | 06-05-2025
) Provimate Composition Save for Analysis [] 202502 [$P012472 05-28-2025 823 73844 | 06-05-2025
202502 |$P012473 05-28-2025 8244 69.408 | 06-05-2025
Dry Data 202502 [$P012474 05-28-2025 8265 68.729 | 06-05-2025
*Add Dry Weight (g): 202502 [$P012475 05-28-2025 8265 65481 | 06-05-2025
202502 [$P012477 05-28-2025 8195 55519 | 06-05-2025
202502 |$P012478 05-28-2025 8259 55.07 | 06-05-2025
v = 202502 [$P012480 05-28-2025 13759 3839 | 06-05-2025
Dry Qe Oy Welohet G) | Dy OV} XOW. Done; flos} Commants 202502 |$P012482 05-28-2025 8253 140.127 | 06-05-2025
052025 118 = 2000 202502 |$P012483 05-28-2025 8253 9288 | 06-05-2025
202502 [$P012484 05-28-2025 8243 109.782 | 06-05-2025
202502 |$P012486 05-28-2025 8207 187737 | 06-05-2025
202502 |$P012487 05-28-2025 819 134582 | 06-05-2025
202502 |$P012489 05-28-2025 8221 55469 | 06-05-2025
202502 |$9012490 05-28-2025 8233 54922 | 06-05-2025
B 202502_|$P012491 05-28-2025 8232 152469 | 06-05-2025
% Jecte 202502 |$P012493 05-28-2025 8238 13337 | 06-05-2025 <
| Refresn | [ ciose

1131 Organismis) Collected in 37 Baq(s), 110 In Pan(s)

*ORGANISM WEIGHT INCLUDES THE PAN WEHIGHT

Figure 13. The Forage Fish Active Pans Report summarizes samples that are currently in-
progress. When selected (A), this opens a window (B) that displays all Pan IDs that have been
created and have an unchecked ‘final’ dry weight box. Specific organism data can be reviewed
in the main window (A) by double-clicking on an individual Pan ID (B; highlighted yellow).
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Loligo pealeii (longfin squid): Length-Wet Weight

Loligo pealeii (longfin squid): Length-Dry Weight
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Loligo pealeii (longfin squid): Length—-Percent Dry Weight
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500

Figure 14. An example of various audit plots that assist with the detection of potential outliers in

unaudited data (®) when compared to audited data (©). Samples with a local outlier function
score > 5 are labeled so the user can investigate and address potential data entry errors within

Forage Fish.
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Species Energy Standard

and Density Dewviation ED

Year Season M {ED]' of ED  Distribution

Clupea harengus (Atlantic herring)
2017 | Spring 171 5.57 107
2017 | Fall 134 5.84 133 __ A
2018 | Spring 113 6.12 150  _adh___
2018 | Fall 50 5.47 143 V-
2019 | Spring 81 5.49 089 AN
2019 | Fall 84 587 131 A
2020 | Spring 8 5.58 0.70 FAWN
2021 | Spring 17 6.36 140 Ve
2021 | Fall 123 597 104 _A
2022 | Spring 200 6.16 1.50 Vi
2022 | Fall 113 6.09 155 S
2023 | Spring 66 8.12 104 AN
2023 | Fall 131 6.73 144 _ L=
2024 | Spring 161 5.77 128 AN
2024 | Fall 110 637 146 A
2025  Spring 95 5.42 1.18 P

! kilojoules per gram of wet weight

Figure 15. Example species-specific summary table with density distribution plots produced
using the gt and gtextras packages.
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A Eewe T % X B ¥ AuwitStatus = = 3
File Settings Tools Reports Help

* &
202502
M
404
[ Audit Status - 20240 £
Pan 202402
Cruise: Station: FSCS Barcode: Pan ID: v 202304 -
202300 [P 21 F22SD72FIIFA43DE $P00T205
¥1202302
Species: Created By:
Clupea harengus (Atlantic herring) YVONNA PRESS v 202204
Initial Workup Date: Water Content (g): Final Dry Weight: a PRINT LaseL v 202202 -
01-18-2024 116233 51.161 !
9

)

Conment Save | Cancel

C & Forage Fish - o X

Length (mm): Pan Weight (g): *Organism Weight (g): fie Sknkpt, Took Repors Hep
[245 oJ (7.755 BJ (167.394 0) % o X
v Proximate Composition (22 Saved for Analysis Missing Scale Definition File
Dry Dat; Pan Information  Nor OmrTTen
ry Data
*Add Dry Weight (@} Cruise: Station: FSCS Barcode: Pan ID:
Add Dey Weont gk 202304 Avomeo 218 F225D72F11FA43D8 $P001205
Species: Created By:
Clupea harengus (Atiantic herring) YVONNA PRESS
DryDate  *Dry Weight () Dry Diff %DW Done Final Comments Initial Workup Date: Water Content (g): Final Dry Weight: = Pt Lases
- 01-30-2024 51.161 0075 |mum 279 (] v 01-18-2024 116233 51161 0)’
01-29-2024 51.255 0102 [ 2725 Comment:
01-25-2024 51.638 e 2749
Length (mm): Pan Weight (g): *Organism Weight (g):

(us QJ (7 755 BJ ll 167.394 ) '

’@ Delete Selected Item

"ORGANISM AND DRY WEIGHTS INCLUDE THE PAN WEIGHT

Figure 16. Following completion of a cruise audit, the user can update the audit status by
navigating to “Audit Status” under the Tools menu (A) and select the audited cruise (B). After
clicking save, all the samples associated with the selected cruise (in this example, 202304,
202302, 202204, and 202202) will show a green “AUDITED” icon (C) in FF. All audited
records (that are not omitted) are available in the FF_ENERGY_DENSITY view within the
FSCS2 schema.
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3 Oracle 5QL Developer : View FSCS2.FF_ENERGY_DENSITY@JWARREN_NEFSCDB1_DATABASE

Figure 17. The FF_ENERGY_DENSITY view can be found by navigating to the FSCS2 user ->

Views -> FF_ENERGY_DENSITY (FSCS2.FF_ENERGY_DENSITY).
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£2) FF_ENERGY_DENSITY
d-BRYHED Columns  Data | Grants |Dependencies |Details |Triggers |SQL |Errors
i @ FSCS_SPRING_2016_AUDIT ~| s @  Actions...
- g} FSCS_SPRING_2017_ALDIT {} COLUMN_NAVE | oaTa_TYPE | MULLABLE |DATA_DEFALLT |{} coLUMN_ID |4} cOMMENTS |{} INsERTABLE |{} UPDATABLE |{} DELETABLE
G @ FSCS_SPRING_2018_AUDIT 1 PAN_ID NUMBER (10) Fo (null) 1 (null) wo wo wo
@ @ FSCS_SPRING_2019_AUDIT =
- @ FSCS_SPRING_2020_AUDIT 2 CRUTSE_ID NUMBER (10) ¥o (nu11) 2 (null) ¥o ¥o ¥o
- (@ FSCS_SPRING_2021_AUDIT 3 STATION VARCHAR2 (200) Yes (null) 3 (null) NO NO No
- & FSCS_SPRING_2022_AUDIT 4 SPECIES VARCHAR2 (80)  Yes (null) 4 (null) wo wo ¥o
$' FSCS_SPRING_2023_AUDIT 5 LENGTH MM NUMBER (10) Yes (null) 5 (null) NO NO NO
£ @ FSCS_SPRING_2024_AUDIT 6 ORGANISM WEIGHT_G NUMBER Yes (null) 6 (null)  NO wo Ho
- @ FSCS_SPRING_2024_BU - -
B e s 7 FINAL_DRY_WEIGHT_G NUMBER Yes (null) 7 (null) wo wo wo
"3 - F5CS_YT_COOP_201350_AUDIT 8 WATER_CONTENT_G NUMBER Yes (null) 8 (null) NO NO NO
& & FSCS_YT_COOP_ 201351 AUDIT 9 PERCENT_DRY_WEIGHT NUMBER Yes (null) 9 (null) wo wo ¥o
&+ FSCS_YT_COOP_2014 AUDIT 10 LIPTD_CONTENT G NUMBER(S,2)  Yes (null) 10 (null) ¥o ¥o ¥o
=g FSCs2 11 PROTEIN_CONTENT_G NUMBER(S,2)  Yes (null) 11 (null) no wo no
G- Tables (Fittered) 12 ASH_CONTENT_G NUMBER(S,2)  Yes (null) 12 (null) wo wo wo
o ? gw;mm 13 TOTAL_ENERGY_KJ NUMBER Yes (null) 13 (null) NO NO NO
&£ FF_WORKING 14 MEASURED_ED_KJ_PER_G_WET_WEIGHT NRMBER Yes (null) 14 (null) wo wo wo
& [ Indexes 15 PARAMETER_SLOPE NUMBER Yes (null) 15 (null) ¥o wo wo
- [l Packages 16 PARAMETER_INTERCEPT NUMBER Yes (null) 16 (null) No Ho Ho
5[ Procedures 17 PREDICTED_ED ORIGINAL KJ_PER_G_WET_WEIGHT NUMBER Yes (null) 17 (null) wo ¥o wo
E;%m 18 PREDICTED_ED_CURRENT_KJ PER_G_WET_WEIGHT NUMBER Yes (null) 18 (null) ¥o wo wo
33 Queues 19 COMMENTS VARCHAR2 (2000) Yes (null) 19 (null) no §o no
{8 Quees Tables 20 AUDIT_STATUS VARCHAR2(1)  Yes (null) 20 (null) wo wo wo
t[ 8 Triggers
~ Pa
<€ >
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9.0 APPENDICES

A. Sample request protocol for Fish Energetics

Example ‘Fish Energetics’ sample request protocols from the Fall 2024 bottom trawl survey
(202404). Additional notes and preservation detail include double-bagging and freezing at —80°
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B. Balance settings in Forage Fish

Screenshots of the configuration parameter values for the connected balances. Top panel shows
the navigation to the balance settings, and lower panels show the configuration settings currently
used. Both balances are connected via serial to USB adapters, which get assigned COM Ports.
The COM Ports on the PC may get reassigned; users can use the Device Manager in Windows to
see which COM Ports are in use and adjust as necessary. When FF is being run from a laptop
that is not connected to any balance, none will appear under the balances tab.

& Forage Fish

File Settings Tools Reports Help
e Auto Print F6
N

v  Use Default Printer F3

§@ Organization Management

'-‘_e_‘- Species Parameters

@ Balances »

§3 Balance Configuration X
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Port:

| COM5 v |
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9600 v

Data Bits:

£ 3

[One v f

Pariy |

Odd %
Save | Cancel |

Sartorious

Mettler

39
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Port:
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Data Bits:

s 2 |
[One 2|

Parity:
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Save || Cancel |



C. Percent dry weight (%DW) - energy density regressions
and ranges in %DW for each species

Species-specific linear regressions of proximate composition analysis (PCA) determined energy
density (ED) vs. percent dry weight (%DW), with distributions of %DW data and minimum and
maximum %DW values for PCA samples shown. The example shown includes all records
through cruise = 202502. Two plots are generated for each species; the top panel shows all PCA
data and the fitted regression (equation, r?, and number of observations shown), the bottom
panel shows the overall distribution of %DW observations to date (and includes unaudited and
audited records), with the minimum and maximum values for all samples in black and the
minimum and maximum values of %DW for PCA samples (dashed blue line, red text). The
paired plots for Atlantic mackerel are shown as an example.

Scomber scombrus (Atlantic mackerel) ED — %DW relationship

Measured Energy Density (kJ/g wet weight)

y=—3.474+0.3783x r’=0.98 n=49

-1 = T
20 30 40

Scomber scombrus (Atlantic mackerel) Overall %DW Distribution

0.08

m
= o
. I ©
TR=E 1 (=]
n

0.03
Overall Min = 14.14

QOverall Max

0.00

20 30 40
DWW
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Currently active and historical species-specific regression parameters are maintained in the
FF_ED_REGRESSIONS table (organized by ITIS code) within the FSCS2 schema. The record
for Atlantic mackerel is indicated by the red arrow.

Columns Data  Model | Constraints | Grants | Statistics | Triggers | Flashback | Depende
A RE XS B sort. | Fiter]

{} ITIS_CODE |{} BEGIN_CRUISE |{} END_CRUISE |{} SLOPE |{} INTERCEPT

1 161706 201702 201904 0.4  -4.111

2 161706 202002 (null) 0.396  -4.002

3 171671 201702 201904 0.28  -0.827

4 171671 202002 (null) 0.281  -0.839

5 171674 201702 201904 0.28  -0.827

6 171674 202002 (null) 0.281  -0.839

7 161722 201702 201904 0.363  -3.134

8 161722 202002 (null) 0.385  -3.643

9 161743 201702 (null) 0.392  -4.305

10 82521 201702 201904 0.258  -0.716

1 82521 202002 (null) 0.304  -1.819

12 82372 201702 201904  0.22 0.144

13 82372 202002 (null)  0.22 0.159

14 164791 201702 (null) 0.322 <2.34

15 172567 201702 201904 0.394  -3.503

16 172567 202002 (null) 0.396  -3.568

17 161763 201702 (null) 0.371  -4.102

- 172414 201702 (null) 0.378  -3.475
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D. Data import template examples (Proximate Composition and Historical Data)

Proximate Composition Analysis (PCA) data import template example. Note: the .csv worksheet must be labelled “PCA”. Bomb
Calorimetry data can be imported using this template, with values only in the MEASURED_TOTAL_ENERGY _KJ column.

PAN_ID CRUISE_ID STATION SPECIES LIPID_CONTENT_G PROTEIN_CONTENT_G ASH_CONTENT_G MEASURED_TOTAL_ENERGY_KIJ
S$P000256 202204 297 Alosa pseudoharengus (alewife) 12.499 22.326 3.862
SP000258 202204 275 Alosa pseudoharengus (alewife) 27.608 32.767 5.674
S$P000268 202204 269 Alosa pseudoharengus (alewife) 34.593 42.834 4.702
S$P000269 202204 269 Alosa pseudoharengus (alewife) 29.83 36.665 6.441
$P000270 202204 290 Alosa pseudoharengus (alewife) 7.621 19.318 3.202
$P000271 202204 290 Alosa pseudoharengus (alewife) 21.732 31.085 4.648
S$P000272 202204 290 Alosa pseudoharengus (alewife) 32.003 33.036 6.288
SP000277 202204 288 Alosa pseudoharengus (alewife) 36.086 58.32 7.118
$P000279 202204 298 Alosa pseudoharengus (alewife) 25.565 34.484 5.251
S$P000284 202204 300 Alosa pseudoharengus (alewife) 23.185 34.983 6.518
SP000286 202204 274 Alosa pseudoharengus (alewife) 23.859 28.761 4.44)
$P000288 202204 289 Alosa pseudoharengus (alewife) 18.54 27.61 4,795
SP000289 202204 289 Alosa pseudoharengus (alewife) 21.627 32.916 6.196
S$P000290 202204 289 Alosa pseudoharengus (alewife) 20.997 29.99 5.534
SP000294 202204 291 Alosa pseudoharengus (alewife) 16.182 26.56 4.309
SP000296 202204 291 Alosa pseudoharengus (alewife) 25.902 34.178

SP000298 202204 292 Alosa pseudoharengus (alewife) 36.384 43.893 7.01
SP000304 202204 285 Alosa pseudoharengus (alewife) 26.021 29.578 5.178
SP000305 202204 285 Alosa pseudoharengus (alewife) 27.532 27.931 4,996
SP000856 202304 66 Etrumeus teres (round herring) 0.227 2.843 0.494
SP000857 202304 66 Etrumeus teres (round herring) 0.477 1.934 0.417
SP000859 202304 97 Etrumeus teres (round herring) 0.389 3.037 0.577
SP000860 202304 97 Etrumeus teres (round herring) 0.546 3.11 0.563
SP000861 202304 97 Etrumeus teres (round herring) 0.166 2131 0.433
SP000862 202304 65 Etrumeus teres (round herring) 3.129 9.184 1.47
SP000863 202304 65 Etrumeus teres (round herring) 5:15 11.969 1.843
SP000864 202304 65 Etrumeus teres (round herring) 4.875 12.047 1.976
[sTalalal-T~'S nl2nAa I0_Crrumnnue tarae [eaund hareina) n.AN2 2222 NECS17

PCA <
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Historical data import template example. Note: the .csv worksheet must be labelled “HISTORICAL”.

A B €

1 | GENERATED_PAN_ID JW_PAN_ID CRUISE_ID

2 |spooa247 PI0C0001 201702
3 |5P004248 PI000002 201702
4 |5P004249 PI000003 201702
5 |$P004250 PI000004 201702
6 |spooa2s1 PI00000S 201702
7 |spoos2s2 PI00000G 201702
& |$P004253 PI000007 201702
9 |$P004254 PI00000E 201704
10 |$P004255 PI000009 201704
11 $P004256 PIDO0010 201704
12 $P004257 PI000011 201704
13 |$P004258 PI000012 201704
14 |$P004259 PIDC0013 201702
15 $P004260 PI000014 201702
16 $P004261 PI000015 201704
17 |$P004262 PI000016 201704
18 |5P004263 PI000017 201704
19 |$P004264 PI000018 201704
20 |spoo426s PI000019 201704
21 |$poo42e6 PI000020 201702
22 |spoo4267 PI000021 201702
23 |spo042e6s PI000022 201702
24 |$po04269 PI000023 201702
25 |$P004270 PI000024 201702
26 |5P004271 PI000025 201702
27 |$po04272 PIOC0026 201702
28 |$Po04273 PI000027 201702
29 |5P004274 PIO0002E 201702
30 |$Po04275 PI000029 201702
31 $P004276 PI0C0030 201702
32 5004277 PI000031 201702
33 5P004278 PI000032 201702
34 |spo04279 PI000033 201702
35 $P004280 PI000034 201702
36 | $P004281 201702

PIO0OGRS
HISTORICAL

Histarical Import Template fields continue below l,

0

P

Q

MEASURED_TOTAL_ENERGY_KJ PAN_WEIGHT_G OMITTED

0 No
0 No
0 No
0 No
0 No
0 No
0 No

SAVED

ORGANIZATION_NAME

DATE_SENT

DATE_RECEIVED
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COMMENTS

L

15.98
1.63
1.54
1.04
1.21

2.8
0.69
1.67
8.34
881

7.43

0.52
8.75
7.65
19.32
131
12.45
6.69
17.39
6.31
5.44
7.57
4.34
6.43
13.01
2,14
2.98
32.51

M

17.94
9.07
21.9

7.6
9.04

11.24
6.07

17.99

22.58

19.04

36.65

5.57
28.84
22.74
4171
14.35
29.17
15.33
44.16
27.12
2053
24.22
15.06
20.05
15.64
15.02
16.31
29.47

N

D E K
STATION  SPECIES IORGANISM_ID IIN]TIAL_WC‘RKUP_DATE .I.ENGTH_MM .ORGANISM_WELGHT_G .FINAL_DR‘I‘_WEIGHT_G IDR'I’_DATEILIFID_CONTENT_G IPROTE[N_CONTENT_G IASH_CONTENT_G I
67 Alosa pser 34674 18-Apr-25 170 104.06 37.02 18-Apr-25
68 Alosa pser 34944 18-Apr-25 138 50.98 12.26 18-Apr-25
69 Alosa psel 35112 18-Apr-25 225 131.65 27.79 18-Apr-25
69 Alosa pset 35112 18-Apr-25 145 44.48 9.98 18-Apr-25
69 Alosa pse 35112 18-Apr-25 135 51.61 11.83 18-Apr-25
69 Alosa psel 35112 18-Apr-25 140 65.59 16.05 18-Apr-25
70 Alosa pser 35497 18-Apr-25 135 34.83 7.91 18-Apr-25
114 Alosa pser 46193 18-Apr-25 183 104 22.8 18-Apr-25
114 Alosa psel 46193 18-Apr-25 180 127.3 344 18-Apr-25
114 Alosa pser 46193 18-Apr-25 180 1126 31.2 1B-Apr-25
72 Alosa pset 20748 18-Apr-25 212 98.678 21.897 18-Apr-25
72 Alosa psel 20748 18-Apr-25 200 175.2 49.1 18-Apr-25
73 Alosa pse 36214 18-Apr-25 17 41.405 14.633 18-Apr-25
73 Alosa pses 36214 18-Apr-25 125 31.89 7.13 18-Apr-25
114 Alosa pse 46193 18-Apr-25 150 157.7 419 18-Apr-25
114 Alosa psei 46193 18-Apr-25 178 1277 34 18-Apr-25
114 Alesa pset 46193 18-Apr-25 225 240.3 67.9 18-Apr-25
114 Alosa pse! 46193 18-Apr-25 170 83.8 18.3 18-Apr-25
114 Alosa pse: 46193 18-Apr-25 200 162 46.5 18-Apr-25
77 Alosa pser 37495 18-Apr-25 165 105.4 25.42 18-Apr-25
81 Alosa psel 38838 18-Apr-25 240 228.41 67.88 18-Apr-25
92 Alosa psel 41722 18-Apr-25 220 157.81 38.66 18-Apr-25
96 Alosa pser 42165 18-Apr-25 195 116.66 29.58 18-Apr-25
96 Alosa pser 42165 18-Apr-25 210 14219 36.76 18-Apr-25
96 Alosa psel 42165 18-Apr-25 175 85.32 21.97 18-Apr-25
96 Alosa pse: 42165 18-Apr-25 195 115.83 29.65 18-Apr-25
97 Alosa pse 42603 18-Apr-25 165 90.45 31.37 18-Apr-25
98 Alosa psel 43002 18-Apr-25 185 87.21 19.84 18-Apr-25
98 Alosa pser 43002 18-Apr-25 188 89.37 22,02 18-Apr-25
99 Alosa pser 43508 18-Apr-25 210 168.22 66.51 18-Apr-25
107 Alosa pse 45466 18-Apr-25 175 63.838 16.132 18-Apr-25
107 Alosa pse! 45466 18-Apr-25 177 63.698 15.574 18-Apr-25
107 Alosa pse: 45466 18-Apr-25 178 64.695 14.448 18-Apr-25
107 Alosa psei 45466 18-Apr-25 182 75.449 20.559 18-Apr-25
107 Alosa pser 45466 18-Apr-25 183 73.235 17.875 18-Apr-25



Procedures for Issuing Manuscripts
in the Northeast Fisheries Science Center Reference Document (CRD)

and the Technical Memorandum (TM) Series

The mission of NOAA’s National Marine Fisheries Service (NMFS) is “stewardship of the nation's ocean
resources and their habitat.” As the research arm of the NMFS’s Greater Atlantic Region, the Northeast
Fisheries Science Center (NEFSC) supports the NMFS’s mission by “conducting ecosystem-based research
and assessments of living marine resources, with a focus on the Northeast Shelf, to promote the recovery
and long-term sustainability of these resources and to generate social and economic opportunities and
benefits from their use.” Results of NEFSC research are largely reported in primary scientific media (e.g.,
anonymously peer-reviewed scientific journals). However, to assist itself in providing data, information,
and advice to its constituents, the NEFSC occasionally releases its results in its own series.

NOAA Technical Memorandum NMFS-NE — This series is issued irregularly. The series typically includes:
data reports of long-term field or lab studies of important species or habitats; synthesis reports for important
species or habitats; annual reports of overall assessment or monitoring programs; manuals describing
program-wide surveying or experimental techniques; literature surveys of important species or habitat
topics; proceedings and collected papers of scientific meetings; and indexed and/or annotated
bibliographies. All issues receive internal scientific review, and most issues receive technical and copy
editing.

Northeast Fisheries Science Center Reference Document — This series is issued irregularly. The series
typically includes: data reports on field and lab studies; progress reports on experiments, monitoring, and
assessments; background papers for, collected abstracts of, and/or summary reports of scientific meetings;
and simple bibliographies. Issues receive internal scientific review, and most issues receive copy editing.

CLEARANCE

All  manuscripts submitted for issuance as CRDs must have cleared the NEFSC’s
manuscript/abstract/webpage review process. If your manuscript includes material from another work
which has been copyrighted, you will need to work with the NEFSC’s Editorial Office to arrange for
permission to use that material by securing release signatures on the “NEFSC Use-of-Copyrighted-Work
Permission Form.”

STYLE

The CRD series is obligated to conform to the style contained in the current edition of the United States
Government Printing Office Style Manual; however, that style manual is silent on many aspects of scientific
manuscripts. The CRD series relies more on the CSE Style Manual. Manuscripts should be prepared to
conform to both style manuals.

The CRD series uses the Integrated Taxonomic Information System, the American Fisheries Society’s
guides, and the Society for Marine Mammalogy’s guide for verifying scientific species names.

For in-text citations, use the name-date system. A special effort should be made to ensure all necessary
bibliographic information is included in the list of references cited. Personal communications must include
the date, full name, and full mailing address of the contact.



PREPARATION

Once your document has cleared the review process, the Editorial Office will contact you with publication
needs—for example, revised text (if necessary) and separate digital figures and tables if they are embedded
in the document. Materials may be submitted to the Editorial Office as email attachments or intranet
downloads. Text files should be in Microsoft Word, tables may be in Word or Excel, and graphics files may
be in a variety of formats (JPG, GIF, Excel, PowerPoint, etc.).

PRODUCTION AND DISTRIBUTION

The Editorial Office will perform a copy edit of the document and may request further revisions. The
Editorial Office will develop the inside and outside front covers, the inside and outside back covers, and
the title and bibliographic control pages of the document.

Once the CRD is ready, the Editorial Office will contact you to review it and submit corrections or changes
before the document is posted online. Several organizations and individuals in the Northeast Region will
be notified by e-mail of the availability of the document online.



	Title Page
	Table of Contents
	Executive Summary/Abstract
	1.0 Overview
	2.0 SAMPLE SOURCE AND PROCESSING
	2.1 Sampling Design and Collection
	2.2 Sample Processing
	2.2.1 Dry weights
	2.2.2 Proximate Composition Analysis and Estimation of Energy Density


	3.0 DATA PROCESSING
	3.1 Importing Additional Data and Updating Predictive Models
	3.1.1 Importing Historical Data or Proximate Composition Analysis and Bomb Calorimetry Data
	3.1.2 Incorporation of Additional Proximate Composition Analysis Data to Increase Predictive Range of Regressions


	3.2 Reports
	3.3 Data Auditing

	4.0 DATABASE VIEWS and ACCESS
	5.0 SUMMARY/CONCLUSIONS
	6.0 ACKNOWLEDGEMENTS
	7.0 TABLES AND FIGURES
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Figure 7.
	Figure 8.
	Figure 9.
	Figure 10.
	Figure 11.
	Figure 12.
	Figure 13.
	Figure 14.
	Figure 15.
	Figure 16.
	Figure 17.

	8.0 REFERENCES CITED
	9.0 APPENDICES
	A. Sample request protocol for Fish Energetics.
	B. Balance settings in FF
	C. Percent dry weight (%DW) -energy density regressions and ranges in %DW for each species.
	D. Data import template examples (Proximate Composition and Historical Data)




