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Abstract
Hypoxia is a condition affecting marine trophic webs throughout the world’s oceans. In Hood Canal, Puget Sound is a basin that experiences seasonal hypoxic due to its bathymetry and poor circulation. High primary productivity in this region supports a large secondary trophic level dominated by mesozooplankton. This study looks at how low oxygen levels, affect the size distribution of copepods relative to the oxygen minimum throughout the water column. Samples were collected 19th of August 2017 under normoxic conditions, and the 24th of September 2018 under hypoxic conditions in Twanoh, Hood Canal aboard the R/V Rachel Carson. Multinets were cast at night and during the day to observe diel vertical migration (DVM). Samples were processed in the laboratory and analyzed in excel. Results found oxygen concentrations did not have a significant influence on the copepod size distribution throughout the water column. Population density supported DVM under normoxic conditions and contradicted the theory that copepods use the oxygen minimum layer as predation refuge, under hypoxic conditions. 








Introduction   
Hypoxia, a condition in which there is a decrease in the concentration of oxygen availability below 2 mg/L (Grove & Breitburg, 2005), is an increasing issue for marine life. This condition is exacerbated by global warming through increased stratification and warming waters. Many coastal areas experience seasonal hypoxia due to high primary production as well as stratification which naturally leads to oxygen depletion as algae blooms decay in late summer and autumn. The increase in the strength of stratification, promoted through global warming is extending the length of seasonal hypoxia (Zhang et al., 2010).  Incidences of coastal hypoxia, due to changes in nutrient loading, have been steadily increasing over the years. According to recent studies 415 oxygen depleted coastal systems have been identified worldwide (Eutrophication, Selman, Greenhalgh, Diaz, & Sugg, 2008).  A lot is unknown about how hypoxia affects each aspect of the marine web. 
Copepods are an important trophic link between marine primary production and upper trophic levels. In terms of abundance and biomass, these primary consumers that comprise the second trophic level of the marine food web, dominate mesozooplankton communities (Ekau, Auel, P̈ortner, & Gilbert, 2010). Because copepods are ubiquitous, they are active in areas that experience hypoxia and how they respond to this change will affect organisms higher in the food web. Understanding hypoxia as a contributor to the global landscape of our oceans and how low oxygen levels affect species in regions of upwelling and coastal areas, will allow us to predict how historically oxygen-rich regions introduced to these conditions for the first time may respond in the future.
 Predators, like fish, can deal with the extension of seasonal hypoxic conditions by changing migration habits, avoiding low oxygen areas. Drifting organisms, like copepods, pay a higher cost to exploit adaptive mechanisms (Ekau et al., 2010) that allow to better deal with low oxygen conditions, because they are less able to move away from affected areas. One adaptation of copepods is to adjust their vertical position within the water column. An example of this adjustment is diel vertical migration, when copepods occupy depths during the day and migrate to the surface to feed at night (Patterson, 2019). If the vertical distribution of the size of copepods is significantly changed, this could affect predator/prey interactions and alter the transfer of energy throughout the marine food web (Julie E. Keister & Tuttle, 2013). Organisms have different oxygen demands so there are likely different responses not just among predators and their prey, but among the sizes of copepods as well. 
In areas where hypoxia occurs both naturally and seasonally, like the Peruvian upwelling system, research has shown different species of copepod have adapted to live in these conditions. A study conducted indicated that the copepod Eucalanus can withstand 12-hour periods in anoxic areas depleted of dissolved oxygen, while other species of copepod were more likely to be found in areas of low oxygen concentration (Boyd, Smith, & Cowles, 1980). 
Body size may be a structuring factor in how species adapt to low oxygen levels. There is a positive correlation between body size and respiratory surface, compared to smaller organisms. A study observed a significant increase in amphipod size with increasing oxygen. Amphipods have a limited ability to deliver oxygen via the hemocyanin pigments present in their system, which heavily influences an amphipods ability to reach their maximum size potential. How much dissolved oxygen can be delivered through hemocyanin pigments is strongly influenced by temperature and pressure (Chapelle & Peck, 2017).
It has been documented that hypoxic events can lead to mass fish kills and fishery closures (Bargmann, 2009). Subtler effects of hypoxia are reduced egg production of copepods, as observed in the coastal waters of Florida (Marcus, Richmond, Sedlacek et. al, 2004). Altered community structure of mesozooplankton in Hood Canal has also been documented, a change which will likely affect the amount energy transfer between trophic levels in the marine web (Julie E. Keister & Tuttle, 2013). 
Hypoxic conditions occur seasonally in Hood Canal, a sub-basin of Puget Sound, Washington, making it a good place to study the effects of hypoxia. Hood Canal is a deep and narrow basin that makes up the entire western branch of Puget Sound. At the northern end of Hood Canal there is a long sill which limits ocean exchange and seasonality effects hypoxia (Gregg & Pratt, 2010). In fall, tidal intrusions bring in dense waters that sweep over the sill and flow into the basin. Stratification occurs as this cold dense water sinks to the bottom of the basin and displaces the less dense bottom water towards the surface of the water column. This displaced water, low in oxygen concentrations due to respiration and a lack of mixing, leads to a mid-water layer of hypoxic conditions.
The question I explicitly asked for this study was: How do oxygen levels affect the community size distributions of copepods throughout the water column? Based on the theory that larger organisms require more oxygen than smaller organisms to function, I hypothesized that copepod size composition increases with distance relative to the oxygen minimum. My goal was to determine how the size of a copepod contributes to its response and distribution throughout the water column. 

Methods
Field Sampling 
Samples were collected at Twanoh, Hood Canal (Figure 1) on the 19th of August 2017 and the 24th of September 2018 aboard the R/V Rachel Carson. A SeaBird Seacat 19 conductivity, temperature, and depth (CTD) sensor fitted with an annually calibrated SBE43 DO sensor was cast to determine target depths of interest. Profiles used in this study were selected based on oxygen concentrations. Levels of interest range from hypoxic conditions (DO  2 mg/L) to severe hypoxia (DO  1 mg/L) based on previous research conducted on copepod behavior under low oxygen levels (Grodzins, Ruz, & Keister, 2016). Once target depths were identified based on the obtained oxygen profile (above, within, and below the oxygen minimum zone), oblique multinet tows were conducted day and night to observe diel vertical migration (DVM). 
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Figure 1: Hood Canal station map showing the location of landmarks and buoy (Figure 2). 

To conduct our oblique net samples, we used a Hydro-Bios Multinet with a mouth opening of 0.25 , equipped with a flow meter and five 200-m nets and cod ends. The multinet (MN) was lowered to its target depth and towed obliquely through the water column at a speed of about 1.5-2 knots. Nets were opened and closed remotely as samples were collected across target depth strata. Zooplankton samples collected were preserved with 5% buffered formalin in seawater and returned to the laboratory for analysis.

Laboratory/Analytical
In the laboratory, each zooplankton sample was quantitatively diluted to about 10-13 times the settled volume, then an aliquot was taken to obtain a target of 150-250 copepods per subsample. Using an Olympus SZX7 stereo microscope, each species of copepod within a subsample was counted and classified as Calanoid, Oithona, Triconia, Harpacticoid, or Corycaeus. Depending on species abundance either 50 or 100% of each were measured and recorded. The total length (TL) was measured, then converted to prosome length (PL) for each species using PL:TL ratios determined from prior measurements of species in Puget Sound (Corycaeus: 0.68, Calanoid: 0.78, Oithona: 0.59, Triconia: 0.64). 
Box plots of the frequency of length with depth, were created to observe the size distribution in the water column. A single factor ANOVA test with a value of 0.05 for alpha was then used to determine the statistical significance between the median size of copepod at each depth collected within a profile. A Tukey HSD and Q Test followed the ANOVA to identify the relationship between groups. 
Code was written in RStudio to run linear regression models to determine if body size varies significantly with different water properties collected from CTD profiles: time, temperature, salinity, oxygen, depth, chlorophyll (water density profile directly corresponded to salinity profile). Length was modeled with individual covariates as well as sets of covariates. The Akaike information criterion (AIC) was used to estimate the quality of each model relative to one another and determine the most statistically significant. Once the most significant model was identified a Q-Q probability plot was created comparing sample vs. theoretical to determine if the modeled data is normally distributed.  

[bookmark: _Hlk10121785]Results 
Of the two profiles selected for this study, samples for the normoxic profile were collected on 19 August 2017. The oxygen concentrations are lowest from 14-30 meters and never fell below 2.4 mg/L. Net 2 (20-30 meters) on average had the lowest oxygen concentration of 2.8 mg/L. Multinets were cast at 05:10 and 09:14 and the CTD profiles were collected at 03:30 and 07:45. Samples for the hypoxic profile were collected on 24 September 2018. Multinets were cast at 05:25 and 08:15 and the CTD profile was collected at 06:45. The oxygen minimum of 0.25 mg/L occurred at 10 meters (Figures 3-4) and on average, net 2 (10-15 meters) had the lowest oxygen concentration of 0.68 mg/L.
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Figure 3: CTD Profile under hypoxic taken on September 24th, 2018 at 6:45 A.M. at Twanoh, Hood Canal, measuring oxygen concentration, temperature, chlorophyll and salinity. Dashed lines outline multinet depth ranges. 
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Figure 4: CTD Profile under normoxic conditions taken on August 19th, 2017 at 3:30 A.M. at Twanoh, Hood Canal, measuring oxygen concentration, temperature, chlorophyll and salinity. Dashed lines outline multinet depth ranges.



Size distribution 
	During the day, the smallest copepods under hypoxic conditions with a median size of 0.54 mm were found in the upper 8 meters of the water column (Table 1). Slightly larger copepods, with a median value of 0.58 mm, were found below from 8-30 meters. At night, the largest copepods with a median size of 0.62 mm were observed in the lower 10-30 meters of the water column, as well as in multinet 4 (5-8 meters). The smallest copepods were found in the upper 5 meters with a median size of 0.54 mm. The average size distribution under hypoxic conditions during the day ranged from 0.55-0.59 mm, with the largest copepods located in net 3 (8-10 meters) and the smallest observed just above in net 4 (5-8 meters). At night the mean size was slightly larger than the day and ranged from 0.60-0.64 mm. Larger copepods were found from 5-8 meters as well as from 15-30 meters at night. The smaller copepods were at the surface of the water column from 0-5 meters. 
Considering the mean, during the day size distribution ranged from 0.56-0.65 mm under normoxic conditions. The largest copepods were observed between 12-20 meters in net 2, while the smallest copepods were distributed from 5-12 meters. At night the average size ranged from 0.54-0.68 mm, much like the day distribution range. The smallest copepods were between 8-12 meters, while the largest were observed in net 1 (20-30 meters). Under normoxic conditions, during the day the median size of copepod was consistent at 0.58 mm throughout the water column. At night the median size ranged from 0.54-0.62 mm. The smallest copepods were observed in net 3 (8-12 meters) and the largest copepods were found in the surface 0-5 meters as well as with depth between 20-30 meters.  



Table 1: Statistics describing day and night profiles of copepod size distribution under normoxic and hypoxic conditions.
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Copepod size distribution significantly differed among depth strata under normoxic conditions in both day and night (Table 2). Under hypoxic conditions sizes differed among depth strata during the day, whereas the night distribution was close to statistically significant with a probability value of 0.063.

Table 2: Results of Single Factor ANOVA used to determine if there were statistically significant differences among depths within each set of net tow under hypoxic and normoxic, day and night conditions. 
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	Comparing size difference between individual depth strata, a Q test showed no statistical significance with probability values all over 0.05 at night under hypoxic conditions (Table 3). During the day, there were 4 pairs of groups that had p-values under 0.05 with Cohen d values ranging from 0.21-0.32 correlating to a small effect size. The differences between multinets 3 and 4 (8-10 and 5-8 m) had the largest standardized differences between means with average length differing by 0.32 standard deviations. 

Table 3:  Results of ANOVA follow up: Tukey HSD, Q Test for hypoxic conditions during day and night comparing significance between two groups and providing measures of magnitude. 
[image: ]

	Q test for normoxic conditions showed 6/10 pairs of groups at night shared a significant probability value with Cohen d values ranging from 0.33-0.61 signifying medium effect sizes (Table 4). The pair with the largest standardized differences between means were multinets 2 and 3 (20-12 & 12-8 m). The same pairs at night, during the day also shared p-values under 0.05. Small effect sizes were supported with Cohen d values ranging from 0.29-0.48. Multinets 2 and 3 (20-12 & 12-8 m) shared the largest difference in means among the 6 pairs. 

Table 4: Results of ANOVA follow up: Tukey HSD, Q Test for normoxic conditions during day and night comparing significance between two groups and providing measures of magnitude.
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At night during hypoxic conditions, most outliers were observed from 12-30 m (Figure 6). From 12-20 m the abundance of outliers drew up the average length value the gratest. Overall during the day there were less outliers were observed than at night, with most of them located in the lower 12-30 m of the water column as well.  Length data is not normally distributed in most multinets during day or night, and is generally skewed to the right towards smaller copepods.
[image: ]   [image: ]
Figure 6: Normoxic box plots with outliers, day (right) and night (left), describes size distribution of copepods throughout the water column; Outliers shown as blue circles defined as copepods with a length +/- than 2.2 times the size of the first quartile. Mean = X, grey = first quartile (25% mark), median = grey/orange boundary, orange = third quartile (75% mark). 
Under hypoxic conditions, numerous outliers were scattered throughout the water column at night (Figure 7). The mean value of length drawn up the most by outliers in the surface 0-5 meters. During the day there was an overall decrease in the number of outliers observed. Larger copepods shift down and out of the surface 0-5 meters during the day. Compared to normoxic conditions, the length data were more normally distributed in most multinets during day and night.
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Figure 7: Hypoxic box plots with outliers, day (right) and night (left), describes size distribution of copepods throughout the water column; Outliers shown as blue circles defined as copepods with a length +/- than 2.2 times the size of the first quartile. Mean = X, grey = first quartile (25% mark), median = grey/orange boundary, orange = third quartile (75% mark).
Abundance 
There was a shift in population density between night and day throughout the water column (Figure 8). Under normoxic conditions, the surface layer (0-5 m) had highest population density at night which decreased with depth. During the day, the greatest abundance shifted downward to 5-8 meters. A slightly larger density was observed in net 3 (8-12 meters) during the day, than at night. From 12-30 meters, there was little to no shift in abundance between day and night. 
Under hypoxic conditions, at night the highest population density was observed in net 3 (8-10 m) with an overall symmetric distribution slightly skewed down, deeper in the water column and  towards lower oxygen concentrations. During the day, net 3 shifted from having the highest copepod abundance, to having the lowest. A higher density of copepods was found in the deepest net (15-30 meters) during the day than at night under hypoxic conditions. Copepods did a surface-oriented DVM in normoxic conditions, moving down from the surface to the net tow below it, but were deeper overall when hypoxic, mostly moving from the middle net down during the day. 
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Figure 5: Copepod abundance per cubic meter with depth, during day and night under normoxic and hypoxic conditions (refer to table 1 for net depth).
Using a linear model, I was able to reject the null hypothesis that body size does not vary significantly with other independent variables such as time, oxygen, temperature, salinity, depth, chlorophyll. Of 24 different models, the best model (mod12) confirmed that length varies significantly with depth and time of day. Once the most significant model was identified, a graph of residual errors versus fitted (predicted) values confirmed mod12 followed linear assumptions (Figure 6). A Q-Q test, used to examine residual distribution and visually check the assumption of normality, established the data was not normally distributed (Figure 7). Log-transformed liner models provided the same QQ results for the distribution of data.  
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Figure 6: Graph of residual errors verus fitted (predicted) values for model 12, length with depth and time as covarites. 
[image: ]
Figure 7: QQ plot of residuals, sample quantiles/standardized residuals versus theoretical quantiles.
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Size Distribution
The null hypothesis, that size does not vary with distance relative to the oxygen minimum layer, could not be rejected following the results of this research. Under hypoxic conditions the depth strata from 10-15 m, had the lowest oxygen concentrations averaging about 0.675 mg/L, followed by 8-10 m which had an average concentration of 0.9833 mg/L. 
For the hypothesis to be supported, at night when light intensity has no influence on copepod size distribution, we would expect to find smaller copepods in net 2, and larger copepods as population density shifts up towards higher oxygen concentrations and the surface of the water column. The data showed variability in size throughout the water column with relatively large copepods occupying the oxygen minimum during both day and night. This data contradicts a study that observed the largest species in areas where oxygen concentrations were the highest (Chapelle & Peck, 2017).  The Tukey HSD test showed no statistical difference between individual depth strata coupled with trivial differences in effect size at night, or where our hypothesis anticipated (between nets 1 and 2, and nets 2 and 3) during the day.  
	A study published in 2009, concluded that oxygen minimum layer (OML) in Hood Canal affected DVM, but did not prevent it (Parker-Stetter, Horne, & Langness, 2009). This research supports the assumption that at night, following DVM, overall copepod distribution is not influenced by failed migration up the water column or light intensity. It is important to note that our data represents the downward migration in the water column, as copepods transition from night to day, unlike the study in 2009 which observed an upward migration as copepods transitioned from day to night. 
The consistent median value of 0.58 mm observed during the day under normoxic conditions may be driven by the dominant species present. Combined with an artifact of the net mesh, which is selective against smaller sizes, and the way we measure (to the closest micrometer unit), there may be a bias to keep in mind. 
Considering the mean and median copepod size distribution between depth strata relative to the oxygen minimum, any deviations from predicted size distributions could be due to the effects of behavior on oxygen need (Ekau et al., 2010). 
Abundance
Regarding DVM, under normal conditions we would expect to see copepods rise from the depths of the water column to the surface to feed (Patterson, 2019). We would expect the population density observed to be highest in the surface waters at night and lowest during the day, as copepods migrate to deeper and darker depths to avoid predation. Under normoxic conditions we found evidence to support the theory of DVM, with the highest abundance in the surface 0-5 m at night, shifting down in the water column as ambient light is introduced. 
Under hypoxic conditions, population density was highest in the hypoxic layers at night and lowest during the day. This behavior observed contradicts the theory that copepods exploit the oxygen minimum as a predation refuge, similar to results found in a previous study on nekton vertical migration which utilized acoustic data collected in Hood Canal (Parker-Stetter et al., 2009). 
Linear regression model confirmed that oxygen concentrations were not a driving factor of size distribution. Models show time of day (corresponding to light levels) and depth had he strongest influence on copepod size distribution. This data complements results found in another study, indicating light levels are a dominant trigger for the migration of zooplankton (Parker-Stetter et al., 2009). 

Conclusion 
Data obtained from this study did not support the hypothesis that size varies with depth relative to the oxygen minimum. Under hypoxic conditions larger copepods were found within the oxygen minimum layer during the day and night. Factors like average length and median length had to be taken into consideration when evaluating the size distribution. 
Because oxygen concentrations fell to levels documented to significantly affect survival rates of copepods (Grodzins et al., 2016), population density of copepods had to be taken into consideration when looking at overall size distribution. Lower population densities have more outliers which skew the mean lengths observed in individual depth strata. Copepod abundance observed under hypoxic conditions contradicted previous studies theorizing copepods exploit the oxygen minimum as a predation refuge (J. E. Keister, Houde, & Breitburg, 2000). 
Lower Cohen’s d values observed in tables 3 and 4, indicate necessity of larger sample size. Non-parametric test should be run for data not normally distributed per the results of the QQ normality test. 
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Day

Multinet # 1 2 3 4 5 1 2 3 4 5

Depth (m) 30-15 15-10 10-8 8-5 5-0 30-20 20-12 12-8 8-5 5-0

Mean 0.57 0.58 0.59 0.55 0.56 0.63 0.65 0.56 0.56 0.57

Median 0.58 0.58 0.58 0.54 0.54 0.58 0.58 0.58 0.58 0.58

Mode 0.54 0.66 0.66 0.54 0.58 0.47 0.58 0.58 0.58 0.58

Std. Deviation 0.13 0.14 0.14 0.17 0.05 0.32 0.30 0.16 0.08 0.07

Kurtosis 12.66 16.26 8.31 83.11 0.46 13.94 6.83 10.29 0.92 4.22

Skewness 2.23 2.87 1.59 8.22 -0.11 3.45 2.42 2.09 -0.72 -1.23

Maximum 1.47 1.55 1.40 2.33 0.70 2.29 2.02 1.36 0.72 0.70

Minimum 0.03 0.35 0.04 0.35 0.41 0.19 0.27 0.22 0.27 0.16

Count 444 341 461 302 341 213 243 240 359 219

Night

Multinet # 1 2 3 4 5 1 2 3 4 5

Depth (m) 30-15 15-10 10-8 8-5 5-0 30-20 20-12 12-8 8-5 5-0

Mean 0.64 0.62 0.61 0.64 0.60 0.68 0.73 0.56 0.58 0.59

Median 0.62 0.62 0.58 0.62 0.54 0.62 0.61 0.54 0.58 0.62

Mode 0.62 0.62 0.62 0.62 0.54 0.66 0.66 0.62 0.62 0.62

Std. Deviation 0.19 0.18 0.25 0.24 0.22 0.32 0.40 0.29 0.29 0.09

Kurtosis 30.03 44.42 16.29 20.10 13.86 3.03 2.60 11.25 22.31 0.72

Skewness 4.87 6.12 3.83 4.39 3.65 1.93 1.80 3.13 4.43 -1.00

Maximum 2.05 2.02 2.05 1.98 1.74 1.78 2.05 1.74 2.13 0.74

Minimum 0.38 0.41 0.32 0.41 0.38 0.30 0.30 0.19 0.16 0.25

Count 406 321 679 293 297 281 156 89 180 306

Normoxic

Normoxic

Hypoxic

Hypoxic
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a

 = 0.05 SS df MS F P value F crit RMSSE Omega Sq

Hypoxic  Night 0.44 4 0.11 2.2 0.063 2.4 0.08 0.00

Hypoxic Day 0.47 4 0.12 6.8 0.000 2.4 0.14 0.01

Normoxic Night 3.73 4 0.93 11.9 0.000 2.4 0.27 0.04

Normoxic Day 1.94 4 0.48 11.7 0.000 2.4 0.22 0.03
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group 1group 2meanstd errq-statlowerupperp-valuemean-crit Cohen d meanstd errq-statlowerupperp-valuemean-critCohen d

30-15 15-10 0.01 0.01 1.54 -0.02 0.04 0.81 0.03 0.08 0.02 0.01 1.59 -0.03 0.06 0.79 0.04 0.08

30-15 10-8 0.02 0.01 3.14 0.00 0.04 0.17 0.02 0.15 0.02 0.01 2.50 -0.01 0.06 0.39 0.04 0.11

30-15 8-5 0.02 0.01 3.21 0.00 0.05 0.16 0.03 0.17 0.01 0.01 0.66 -0.04 0.05 0.99 0.05 0.04

30-15 5-0 0.02 0.01 2.67 -0.01 0.04 0.32 0.03 0.14 0.04 0.01 2.99 -0.01 0.08 0.22 0.05 0.16

15-10 10-8 0.01 0.01 1.38 -0.02 0.03 0.87 0.03 0.07 0.01 0.01 0.57 -0.03 0.05 0.99 0.04 0.03

15-10 8-5 0.03 0.01 4.43 0.00 0.06 0.02 0.03 0.25 0.03 0.01 2.09 -0.02 0.08 0.58 0.05 0.12

15-10 5-0 0.03 0.01 3.96 0.00 0.06 0.04 0.03 0.21 0.02 0.01 1.36 -0.03 0.07 0.87 0.05 0.08

10-8 8-5 0.04 0.01 6.05 0.02 0.07 0.00 0.03 0.32 0.03 0.01 2.97 -0.01 0.07 0.22 0.04 0.15

10-8 5-0 0.04 0.01 5.62 0.01 0.06 0.00 0.03 0.28 0.01 0.01 1.02 -0.03 0.05 0.95 0.04 0.05

8-5 5-0 0.00 0.01 0.59 -0.02 0.03 0.99 0.03 0.03 0.04 0.01 3.38 -0.01 0.09 0.12 0.05 0.20

Night Day Depth (m)
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group 1group 2meanstd errq-statlowerupperp-valuemean-crit Cohen d meanstd errq-statlowerupperp-valuemean-critCohen d

30-20 20-12 0.03 0.01 1.87 -0.03 0.08 0.68 0.05 0.12 0.05 0.02 2.40 -0.03 0.12 0.44 0.08 0.17

30-20 12-8 0.07 0.01 5.33 0.02 0.12 0.00 0.05 0.35 0.12 0.02 5.09 0.03 0.22 0.00 0.09 0.44

30-20 8-5 0.07 0.01 5.31 0.02 0.11 0.00 0.05 0.32 0.10 0.02 5.20 0.03 0.17 0.00 0.07 0.35

30-20 5-0 0.06 0.01 4.21 0.00 0.11 0.02 0.05 0.29 0.09 0.02 5.62 0.03 0.16 0.00 0.06 0.33

20-12 12-8 0.10 0.01 7.44 0.05 0.15 0.00 0.05 0.48 0.17 0.03 6.47 0.07 0.27 0.00 0.10 0.61

20-12 8-5 0.09 0.01 7.65 0.05 0.14 0.00 0.05 0.45 0.15 0.02 6.73 0.06 0.23 0.00 0.08 0.52

20-12 5-0 0.08 0.01 6.23 0.03 0.14 0.00 0.05 0.41 0.14 0.02 7.16 0.06 0.22 0.00 0.08 0.50

12-8 8-5 0.01 0.01 0.50 -0.04 0.05 1.00 0.05 0.03 0.02 0.03 0.95 -0.07 0.12 0.96 0.10 0.09

12-8 5-0 0.01 0.01 1.03 -0.04 0.07 0.95 0.05 0.07 0.03 0.02 1.29 -0.06 0.12 0.89 0.09 0.11

8-5 5-0 0.01 0.01 0.64 -0.04 0.06 0.99 0.05 0.04 0.01 0.02 0.34 -0.07 0.08 1.00 0.07 0.02

Depth (m) Day Night


image8.png
2.5

2 8
T o o °
E1s o 8
= o
) 8 8
51
o e
1
o
0 T T T

85

12-8
Multinet Depth (m)

20-12

30-20





image9.png
2.5

N}

Length (mm)
=
»

-

0.

«n

*

o Q
o
o
o
50 85 12-8 20-12 30-20

Multinet Depth (m)





image10.png
2.5

o
o
o
o
<]

30-15

+

15-10

~ n -

(ww) yduay

85 10-8

5-0

Multinet Depth (m)




image11.png
2.5

Length (mm)

°
o 8 o

>—I—4<c oo

5-0 85 10-8 15-10
Multinet Depth (m)

30-15





image12.png
Multinet #

as00

= Day Normoxe

Density (population size/m"3)

mNight Nomoxe

0

= Day Hypoxic:

B Night Hypoxic

500




image13.png
0000 o cumm

00 00000 @ Com—

TR

Sl

0L S0 S0

(zipow)pisal

058 0.60 062 064 066

056

fitted(mod12)




image14.png
© Ci/Users/Deana/Desktop/Senior Thesis - Rstudio -
Fle Edt Code View Plots Sesion Buld Debug Profie Tooks Help

© .oy - il Goto lefuncion - adains - B seniorTress -
© ] 2000 analysisR MNT @ 2000 anslysissKs2as « ©'| z00p_analysisSKSR new_df =[]  Environment History Connections =@
H Olseurceonsave | Q /= Sron | 9| P source - @ H | 52 mport Dataset - | & uste | ©-
181  AIC(mod20x) “ | il Giobal Environment ~
182  ATC(mod21x) mods List of 12 N
183 :
184  AIC(mod22x) modsx L‘.S( of 12
185  AIC(mod23x) mods List of 12
186 AIC(mod24x) modéx List of 12
187 . e mod7 List of 12
188 # make sure model assumptions are met mod7x List of 12
189 plot(resid(mod12) ~ fitted(mod12)) # looks okay - B
190 5 mod8 LI.S( of 13
ane mod8x List of 13
@ untited = RSaw s podo et of 12 =
Cor Terminal Jobs =0 Files Plots Packages Help Viewer =0
. . & A zoom | Degot- |0 | & 4% Publish ~
> qgnorm(residuals(mod12)) # qQ plot looks really weird -
> ggline(residuals(mod12))
> summary (nodi2) Normal Q-Q Plot
call:
In(formula = length ~ depth + time, data = data) o
. 0 L
Residuals: o =
Min 1q mMedian 3Q Max o
-0.58441 -0.08177 -0.02729 0.03356 1.76271 2 o]
e 2
Coefficients: 3 w©
Estimate std. Error t value Pr(>[t|) @ o 7
(Intercept) 0.5481501 0.0056252 97.445 < 2e-16 ** 2
depth 0.0029449 0.0003132 9.402 < 2e-16 *** £ i
timen 0.0414750 0.0050976  8.136 4.72e-16 *** 3
- w0
signif. codes: 0 ‘**¥' 0.001 ‘**' 0.01 ‘*’ 0.05 ‘.’ 0.1 * ' 1 Q@ Lo
T T T T T
Residual standard error: 0.2131 on 7720 degrees of freedom 4 2 0 2 4

Multiple R-squared: 0.01619, Adjusted R-squared: 0.01593
F-statistic: 63.5 on 2 and 7720 DF, p-value: < 2.2e-16

>
_ s27PM
O Type here to search g 9 : soams R




image1.png
Vancouver
Island, Canada 3,

48°N{ | Washington Puget
State, USA Sound

a

2% Study
% Z Arca

24°W  123°W

47.4°N7 Hoodsport

Skokomish River

123.2°W 123.1° W 123.0°W 122.9





