[bookmark: _Hlk145253697]Title- “Fly or die” - The behavioral response of larval fish to oil pollution and its broader effects on marine population connectivity	Comment by Editor/Reviewer: As a friendly reviewer, I don’t quite understand the title. Is it not “Swim or die”? 
Keywords- Marine Pollution, Larval Dispersal and connectivity, Larval Fish, Orientation
Scientific abstract – Marine oil pollution is a major environmental stresssor on the marine environment. It is , widespread in all populated coastal areas, impacting the mostajority of coastal marine species, and isn particularly harmful to the sensitive early life stages of fish. DYet, despite of their high frequency of oil pollution incidents, their broad ecological impact of oil pollution incidents is rarely being accounted for, for example, in population connectivity studies. A fundamental knowledge gap is weatherwhether the larval fish can detect and avoid contaminated areas or alternatively remain and suffer lethal or sub-lethal consequences. These basic types of responses result in differential ecological outcomes regardingin terms of larval dispersal and connectivity. LackA lack of representation of these fundamental effects of marine pollution effects in large-scale ecological processes can lead to an inaccurate understanding of these processes and of the marine ecosystem dynamics, , and hence may resulting in sub-optimal policy- and decision-making.	Comment by Editor/Reviewer: “particularly harmful” and “sensitive” seem redundant	Comment by Editor/Reviewer: “Basic types” seems redundant. 

Here, I we propose to bridge this critical gap, by addressing three main research aims,  which representing three methodological approaches: (1) Examining if larval fish can detect and avoid the danger of petroleum pollution using bBehavioral lab experiments, and in-situ sampling, and orientation experiments, (2) Ttranslating the small- scale (10-2 m and seconds) experimental results into large-scale (104 m and weeks) dispersal and connectivity processes,. And and (3) Iimplementing the formulation and parameterization developed in Aim 2 into a biophysical model of the Eastern Mediterranean to examine how does the experimental lly obtained behavior eaffects the  modeled larval dispersal and connectivity outcome. As preliminary data, weI will utilize includes threee following resources: (p1) Aa set of preliminary experiments using the shuttle-tank choice chamber,. (p2) a recently developed biophysical larval dispersal model for the Eastern Mediterranean, and. (p3) an oil spill simulation of a major oil/tar pollution event that which occurred in the Eeastern Mediterranean in Israel during Feb. 2021.	Comment by Editor/Reviewer: For the proposal, "I" is used for intellectual aspects, like hypotheses. But I presume the actual experiments will be done by a group. Perhaps for consistency, "we" could be used throughout. If there is one PI, it is clear that the hypothesis and ideas are from that individual. Apologies if I am incorrect and all wirk will be done by the PI. It is just unusual. 	Comment by Editor/Reviewer: Determining? 	Comment by Editor/Reviewer: Lower case B?	Comment by Editor/Reviewer: Incorporating?	Comment by Editor/Reviewer: Did I preserve your intent? 
The methodology for theis proposed research includes laboratory behavioral experiments, field surveys/experiments (Aim 1), comprehensive multi-scale behavioral, pollution, and movement modeling (Aim 2), and spatiotemporally explicit larval dispersal, marine pollution, and connectivity modeling (Aim 3). The study area will be at the Israeli coastal region ofin the Eastern Mediterranean, and the model animals will be the widespread coastal species of Mugil cephalus (Flathead grey mullet),  Dicentrarchus labraxLabrax (Sea Bass), and Sparus aurata (gilt-head bream), whose larvahich are artificially reared and are readily obtained  as larvae at various developmental stages. Successful preliminary lab work was carried out useding M. cephalus larvae, which exhibiting high rates of viability rates and survivorship during several experimental days.  	Comment by Editor/Reviewer: “Explicit larval dsipersal” seem like odd terminology. spatiotemporal dispersion? 	Comment by Editor/Reviewer: 1. Can you quantify “several”?
2. Alternatively, for simplicity, perhaps “during several experimental days” is not needed?

The essence of the proposal is to is empirically determinening the behavioral response of larval fish with respect to oil pollution and examine how this behavior affects the broad ecologyical aspect of larval dispersal and connectivity. 	Comment by Editor/Reviewer: I streamlilned this important statement. Did I maintain your intent? 	Comment by Editor/Reviewer: understand? This is a statement of your primary goal. I suggest your goal is to observe behavior to “understand” dispersal and conectivity. I hope this makes sense! 
The anticipated outcome ofe from this research includes elucidating how larval fish avoid or are attracted torespond to oil pollution (e.g., avoid or attract), and quantifyingquantifying  the effectss of this response on the broad ecological process of larval dispersal and populations connectivity. In addition, theis project will form a general framework for translating small-scale behavioral experiments related to marine pollution, to large-scale spatiotemporally explicit larval dispersal and pollution simulations. The information which will be fromproduced in this project is important for marine resource managers, supporting informed decision-making and marine spatial planning. This knowledge is also important for the , as well as to the public, which is represents the main stakeholder inof the the critically important critically important and threatened marine environment. 	Comment by Editor/Reviewer: I broke the stakeholders (mamagers and public) into two sentences for more impact. Did I preserve your intent?
 
 Research Program
1. Scientific background
Chronic oil (petroleum) pollution is a major stressor on the marine environment, sourced primarily from the shipping industry, terrestrial runoff, pipelines and oil platforms, and large-scale catastrophic accidents, causing mortality and deterioration of marine organisms and habitats 1. Oil input to the marine environment totalssums up to more than a million t yr-1,  primarily from sources of terrestrial runoff, and from marine petroleum and transportation activities 1–3. Accordingly, areas of global marine oil pollution area spatially correlates with commercial shipping lanes, and dense population centers 3. Remote sensing  detection of oil pollution indicates an average of nearly two detected oil slicks per day in the Mediterranean alone 4. EOther ecologically important marine systems, such as the Gulf of Mexico, the coral triangle, and the Yellow Seayellow sea, are also experiencing severe and chronic oil pollution, which isare rarely accounted for 5.	Comment by Editor/Reviewer: “sensing detection” seems redundant. 
The main oil toxinstoxic components of the oil are the Polycyclic Aromatic Hydrocarbons (PAHs) that, which are especially toxic to the early life stages of fish and invertebrates 6. A Vast body of literature demonstratesd the high toxicity of oil compounds to a wide diversity of marine organisms, including marine mammals, fish, invertebrates, corals, zooplankton, and phytoplankton 7,8. Concurrently, a global crisis of marine and terrestrial biodiversity has been declared globally that impacts, linking this crisis to the human survivalorship of humanity 9,10. Despite this severe crisisity, there is no mechanism or framework tohat systematically quantifiesquantify the effect of oil pollution effects on the marine environment.  By neglecting key stresses like marine pollution, a critical knowledge This gap is critical is created thatbecause it limits our ability to quantify and understand and quantify the natural  marine processes, such as  occurring in the marine environment, for example population dynamics and connectivity 11, while key stressors such as marine pollution are neglected 11.	Comment by Editor/Reviewer: harmful? 	Comment by Editor/Reviewer: Did I preserved your intent?	Comment by Editor/Reviewer: Did I preserve your intent? 
Indeed, the life cycle of most marine animals involves a pelagic phase, in which eggs or larvae set out to the open ocean for a period of up to several weeks., Oat the end of which only a tiny fraction of larvae survives untilto recruitment into the adult population 12. This pelagic stage is critically important asbecause it is the main dispersive phase and governs population connectivity and biogeography (Sale, 2004). Whereasile marine population structure is driven by larval growth, mortality, and dispersal 13, the impact of oil pollution on larval behavior and the role of behavior inits role in marine population dispersal and connectivity remains unknown.
Previous studies shed some light on sensory capacities that may be relevant to larval response to the presence of oil, indicating, for example, that fish larvae effectively use chemical cues in the context of homing 14,16, settlement habitat 15,18, and conspecifics 21. Moreover, a very few oil-related experimental studies indicated that juvenile Dicentrarchus labrax (Claireaux et al., 2018), and adult Gadus morhua (Bøhle, 1986) demonstrated avoidance behavior from oil-contaminated waters. In contrast, Pleuronectes, while Pleuronectes bilineatus, and P. asper, and Hippoglossus stenolepis doid not exhibit avoidance behavior atunder environmental PAH concentrations in the sediment. Other studies indicated that the presence of low concentrations of oil reducereduces the in-situ swimming speed of larval fish 24,44,45. 	Comment by Editor/Reviewer: Maybe italicize this sentence for emphasis? 
While these studies provide some information about the behavioral response of several species to the presence of oil pollution, the their explicit effects of oil on the broad ecological processes of larval dispersal and connectivity waswere not assessed.	Comment by Editor/Reviewer: If true, perhaps a stronger statement like “are unknown” or “are unstudied”?  This can separate your proposal from previous work more explicitily.  
In the local context of the Eeastern Mediterranean, Israel is located in a hotspothotspot forof marine shipping , connecting ing between the Mediterranean (and the Atlantic Oceanocean) with the red seaRed Sea (and the Indian Oceanocean). Such  marine shipping hotspotshotspots of marine traffic are characterized by frequent occurrences of offshore oil spills, fromrelated to ships and tankers 3 that normally, which normally occur offshore and receive little attention, but occasionally interact with the coast as in the form of massive oil or tar pollution. Such an event occurred in Feb.ruary 2021 when, in which a leak of crude oil leak from an unreported tanker resulted in a small-to- medium (7 - 700 t) size spill in the Eeastern Mediterranean basin. The spill primarily contaminatedinating primarily the Israeli coastline and . The spill isconstitutes Israel's most severe contamination of the marine and coastal  petroleum contamination in the Mediterranean to date. 	Comment by Editor/Reviewer: It seems clear that hotspots refers to marine shipping. 	Comment by Editor/Reviewer: coastline?
Importantly, existing models of larval dispersal and connectivity y models do not account for spatially explicit pollution maps. The models also, and generally fail to fully incorporateimplement neither pollution-related mortality or , nor pollution- related orientation behaviors, namely  (e.g., avoidance, negative chemotaxis, or changes in swimming speed). TheHence, the resulting knowledge gap knowledge gap includes: (1) A lthe lack of knowledge about larval behavioral responses to the presence of oil pollution, (2) A lthe lack of a spatiotemporally explicit modeling framework  that combininges larval movement and marine pollution, and (3) A lthe lack of understanding of about the broader ecological effects of  oil on larval behavior and the resulting larval oil-impactsresponse on larval dispersal and connectivity.  This is knowledge is important. Ibecause if larvae fail to recognize the threat inof oil-contaminated watersoil contamination, ththe waters en these waters become a death trap.; Alternatively, i whereas if larvae successfully recognize the threat, then the contaminated areaarea may become a dispersal barrier , which hindering population connectivity, particularly if the pollution is persistent or chronic3. Either way, behavior toward pollutionthis is expected to substantially influencehave a substantial influence on larval dispersal and connectivity. WeI hypothesishypothesize that (1) Llarval fish will exhibit a significant behavioral response to the presence of oil pollution, and that (2) Tthis behavioral response will significantly affect larval dispersal and connectivity patterns. Our The proposed research Aaims will to bridge this critical knowledge gap.	Comment by Editor/Reviewer: I edited this paragraph more heavily for clarity and impact because it describes the proposal significance.	Comment by Editor/Reviewer: I made this s separate statement for impact. 	Comment by Editor/Reviewer: essential?	Comment by Editor/Reviewer: and respond to? 	Comment by Editor/Reviewer: and respond to?
2. Research oobjectives & expectedand expected ssignificance
WeI propose to address the two overarching hypotheses through three interconnected aims, representing a comprehensive combination of experiments and modeling (Fig. 1).:
Aim 1 – Laboratory and in-situ experiments. We will: quantifyingquantify the behavioral response of larval fish to the presence of PAHs, in including avoidance/attraction, swimming speeds, escape response, and recruitment rate.  By eExamining the larval behavioral traits above in response to PAH presence, we will provides the basis forestablish modeling parameters forof orientation, swimming speed, and mortality in a virtual 3-D modeling arena the following Aim.	Comment by Editor/Reviewer: For clarity, I siuggest a title for each Aim. In this case, Aim 1 is Laboratory and in-situ experiments. I also suggest underling the title of each Aim for clarity. Reviewers will probablay refer back to the listed Aims to orient themselves as they read the proposal. 	Comment by Editor/Reviewer: “We”.  I presume that you will not  do this work alone, although it seems that you are the sole PI on the project. I thus used “we” to denote experimental goals, whereas the proposed  and hypopotheses are ‘I”.  I hope this is correct! 	Comment by Editor/Reviewer: I suggest that “behavioral response” seems redundant with “behavior”. 	Comment by Editor/Reviewer: Did I maintain your intent? 
Aim 2 – Translating experimental results to biophysical larval traits., We will bridgeging experimental small scalescales (seconds and centimeters) with dispersal-related scales (tens of kilometers and days). This is an intermediate step is required tofor the development and the implementation of a model of larval behavior in response to pollution. This will include the implementationThe data collected will include  of classical movement strategies (e.g., CRWCRW, BCRWBCRW), andas well as PAH-related orientation behavior (e.g., avoidance, attraction, indifference), while also recording the toxic-dose state of each virtual larva. This Aim will ultimately provide the quantitative framework and mathematical formulation and parametrization, which will be compatible withfor implementation in biophysical models of larval dispersal. 	Comment by Editor/Reviewer: DId I preserve your intent? 	Comment by Editor/Reviewer: OK? 	Comment by Editor/Reviewer: incorporated into?
Aim 3 - Biophysical larval dispersal models.: We will include Implement experimentally obtained biophysical larval traits formulated in (Aim 2) inin models of biophysical larval dispersal models, including given spatiotemporally explicit PAH concertation fields. Using the parametrization and formulations obtained in Aim 2, weI will run a series of larval dispersal models examining the possible effects of larval response to PAH pollution on larval dispersal and connectivity. 	Comment by Editor/Reviewer: “implimentation” a bit confusing here. I suggest utilize, incorporate, or include as alternatives. 	Comment by Editor/Reviewer: “possible effects” seem equivocal. The aimis the examine the “effects” rather than “possible effects”.  I suggest  in general avoiding terms like some, a few, possible where possible and truthful. When used without need, these words transit to reviewers that you are not sure.  

3. Detailed description of the proposed research
a. Working hypotheseis
ForWith respect to Aim 1, weI propose three general hypotheses with regarding larval behavioral /response with respect to the presence of PAH pollution.: (1a) Larval fish will  not exhibit no a different response to the presence of PAH pollution compared to larvae in non-contaminated waters. (1b) Larval fish will exhibit a significant response to the presence of PAH by, e.g., avoiding the PAH-contaminated waters. (1c) The response of larval fish at the individual and/or species levels will be a highly variable and represent combination of the two responses mentioned above. In addition, weI hypothesize that the results of Aim 1 will be compatible, such that if larvae avoiding contaminated oil in the lab , larvae will similarly avoid recruiting to PAH-contaminated recruitment units. For With respect to Aim 2, weI expect that  any behavioral responses that was obtained in Aim 1 will significantly affect the movement patterns (e.g., displacement, and tortuosity) in the virtual 3-D area. We also expect, and that modeleding movement parameters, like e.g., the concentration parameter (Kappa) of the von Misesvon-Mises turning angle distribution of the turning angles in correlated random walk (CRWCRW) movement pattern, will change between scales, and between polluted and clean scenarios.	Comment by Editor/Reviewer: Did I maintain your intent? 	Comment by Editor/Reviewer: “clean” seems like jargon. unpolluted?
[image: ]ForWith respect to Aim 3, weI hypothesize that implementation of larval behavioral /responses to PAH pollution (obtained in Aim 1 and formulized in Aim 2) will generate significantly different dispersal outcomes from that obtained under clean (no PAH) conditions that , and will be expressed in different connectivity matrices, dispersal kernels, and betweenness centrality estimates.	Comment by Editor/Reviewer: Perhaps a small point, but for clarity, I suggest that the titles for each Aim in Fig 1 be identical to those of the Aims in the text (lines 101-117). 	Comment by Editor/Reviewer: modeling? 	Comment by Editor/Reviewer: “formulized” is a correct word, but a bit obscure. Perhaps “formulated”? 	Comment by Editor/Reviewer: unpolluted?

Figure 1. A schematic description of the proposed research.
	Comment by Editor/Reviewer: In the figure legend, I suggest definitions for CRW, BCRW, and SRW, as these are not defined in the text to this point. 
b. Research design and& methods
[bookmark: _Hlk143614572]3.a. - Behavioral experiments (Aim 1)	Comment by Editor/Reviewer: 1. It is unclear what 3a refers to. Section 3a is already used for Working Hypotheses.  
2. Italics of this subtitle does not stand out visually. I suggest underlining. I suggest saving italics for highlighting specific text within sections for emphasis. 
3. For clarity, I suggest using the same title as Aim 1 on your list of Aims. In this case,”Laboratory and in situ experiments”. 
  
Rationale: We will conduct bBehavioral experimentss will  intake place both in the laboratory and in situin-situ, at sea (Table 1). All experiments are based onon the the same principle of quantifying a biological/ecological traits in the presence or absencewith and without the presence of PAH pollution as part of the water-soluble fraction (WSFWSF) of oil. This will allow us to examine larval behavioral responses to the presence of PAHs, and specifically understand if larvae can detect and avoid PAHs. PAH concentrations applied in the lab experiments will include: 1 and 10 total PAH µg L-1  (1 total PAH (see PAH concentrations and measurement section below). We will use commercially reared larvae of Mugil cephalus, Dicentrarchus labrax, and Sparus aurata which will be provided by Dag On Inc.inc. (Ma'agan Michael, Israel). For laboratory these experiments, we will focus on intermediate (14 Days Post Hatch (DPHDPH)) and late-stage  larvae (18 DPHDPH)) larvae. In the field recruitment experiments (SMURF and CARE light trap), we will capture wild larvae that . Larvae will be tested individually for a duration of 20 min per trial usingin the experimental methods of DISC, Danio-Vision, and Shuttle-Box methods. We will use longer dExperimental durations will be longer of for the mini-swim flume (~90 min), CARE (12 h), and SMURF (30 d) experiments. 	Comment by Editor/Reviewer: behavior?	Comment by Editor/Reviewer: final? 	Comment by Editor/Reviewer: As a friendly reviewer, I suggest having more numbered sections permits sections to be more easily referenced for reviewers. It also permits reviewers to more easily find the section referred to. I higher number means the section is later in the proposal, for example. 	Comment by Editor/Reviewer: Did I preserve your intent?
Behavioral experiments in the laboratory 	Comment by Editor/Reviewer: I suggest numbering the subheadings at lines 154, 179. there are a lot of headings in the text for reviewers to follow from lines 140-219.  Some additional numebnring may help reviewers to more easily follow the organization and flow of these sections. 
Shuttle- Bbox System (Loligo Systems, Fig. 1). This system is a binary choice chamber which is used to assess larval preference with respect tofor the presence of PAH. The Shuttle- Bbox ssystem consists of two 10 cm diameter circular chambers connected by a short narrow pathway allowing free passage of larvae (Foretich et al., 2017). We will use paired t-tests for examiningto examine the differences in the relative amount of time and the swimming speed exhibited in the polluted chamber compared to the clean chamber 15. For See details about the preliminary results with the Shuttle-B box sSystem, see in the the Preliminary results section. 	Comment by Editor/Reviewer: I suggest making each of these device names as a title for each section. Perhaps a small edit, but I think it will improve clarity and organization. 	Comment by Editor/Reviewer: “clean” seems like jargon. unpolluted? If “clean” is accepted termonology then apologies for the comment. 
Mini swim flume (Loligo Systems, Fig. 1). This system is used to study the swimming performance and behavior of fish in a controlled laboratory setting 17. WeI will use the swim flume to test the effects ofhow variable PAH concentrations affecont the swimming performance of larval fish. Specifically, critical  critical swimming speeds will be measured by gradually increasing flow speed by until the larvae cannot maintain itstheir position in the tunnel 19. We will examine tThe significance of differences in critical swimming speeds between the different PAH concentration groups (e.g., different PAH concentrations) will examined using one-way ANOVA and Tukey post-hoc tests 20.
[bookmark: _Hlk144878392]DanioVision (Noldus; Fig. 1). This system will be used for high throughput tracking of larval fish. We will use the DanioVision to test how variable PAH concentrations affect the movement patterns of larval fish, and specifically their escape response pattern 22. We will use pPaired sample t-tests to will be used for examineing the differences in the escape response-related swimming speed  exhibited in the polluted setting compared to the e same response under a clean setting. Escape response will beis elicited using a startle/tapping disturbance as part of the DanioVision functionality 22.
Odur experimental flume. This system  is a custom made experimental flume (based on Gardiner and Atema, (2007)23, in which the small-scale orientation behavior of larval fish is recorded in response to the spatial position of a chemical plume. OurThe analysis will identify several examine if several types of responses,s are identified, which will be divided into three categories:  (e.g., turn right/left, swim towards-to/away fromaway-from the plume, turn around, and increased/decreased swimming speed). We will determine the frequency differences between the categories using  The difference between the frequency of these categories will be examined using one-way ANOVA.	Comment by Editor/Reviewer: Odor?  	Comment by Editor/Reviewer: OK?
Behavioral experiments and sampling in the field 
Drifting In Situ Chamber (DISC; Paris et al., 2008). This device  is a circular, transparent, and symmetric behavioral chamber, which is deployed from a boat and and drifts in the water column. A larvae is inserted into the DISC , to record larval orientation behavior under natural and artificial conditions in-situin situ 26,27. We will use qQuantitative analyseis will be based on comparisons ofng mean swimming direction, resultant vector, and swimming speeds between “clean” and “polluted” trials. We will induce PAH pollution will be induced with a small piece of tar located below the behavioral chamber. In the “clean” trials, a black piece of cloth will be located at the same location, to prevent an artifact of the visual appearance of the tar.	Comment by Editor/Reviewer: It seems unclear why these are italicized. the terms have been used previoulsy in the proposal. 	Comment by Editor/Reviewer: 1. I suggest quantifying “small” for reviewers. 
2. Also, is the tar a standardized sample of fixed composition for such experiments? 	Comment by Editor/Reviewer: to control for the visual appearance of the tar?
Light-traps: Collect by Artificial Reef Eco-friendly” (CARE; Lecaillon, 2004). This is a light trap is designed to attract and collect Post-larvalpost-larval fish that are collected in the cod-end, during a single night period.  
Standard monitoring units for the recruitment of temperate reef fishes (SMURF; Ammann, 2004). This is a moored cylinder mesh structure, that attracts settlement-stage post-larval fish that are looking to settle. We will place lLight traps and SMURFS will be located off the coast of Nahariya, Haifa, Sdot Yam, and Ashdod , above a bottom depth of 10–20 m. Once per month, we will place tThe installations (light traps and settlement units)  will be placed once a month during the recruitment season (May-September) on in the days around the new moon. For each site, we will place the installations will be placed in pairs with about 10 m between the treatment unit (with tar) and the control unit (without tar). 	Comment by Editor/Reviewer: “looking to settle seems redundant with “settlement-stage”	Comment by Editor/Reviewer: For clarity, May to September or May through September? 	Comment by Editor/Reviewer: Perhaps this is trivial, but for non-expert reviewers, is there a logic to the 10 meter separation that can be stated? For example, is this a known distance or accepted distance where the PAH is not persent in the control traps? If you get similar numbers in teh traps, is this due to cross contamination or thelack of avoidance behavior?   
Molecular identification of wWild-caught larvaee molecular identification
We will identify wWild-caught larvae  will be identified using previously applied sequencing methodology 30,31. Briefly, we will extract individual total genomic DNADNA  will be extracted, and PCR amplifyfications targeting the the cytochrome c oxidase subunit encoding gene (COICOI). Amplification will be carried out useing previously developed primers. Sequences with reliable chromatographs will be identified based on NCBI (https://www.ncbi.nlm.nih.gov/) and BOLD (https://www.boldsystems.org/) databases (Karahan et al., 2017; see Ssupport Lletter #1, and Ppreliminary results section).
Quantitative analyses
We will analyze lLaboratory experiments of will be analyzed based on the statistical methodologies described above. Note that statistical assumptions for parametric tests will be examined, and if these assumptions are not met, a-parametric tests will be applied, such as the i.e., Wilcoxon signed-rank and Kruskal-Wallis tests instead of paired t-test, and one-way ANOVA, respectively 20. To infer about higher-levelhigher level differences between the species, and between responses to the different PAH concentration levels, we will perform a meta-analysis of the effects sizes of the pairwise tests will be performed 32.  A custom-made MATLAB-based fish tracking algorithm will be used to track larval fish in the shuttle-shuttle tanktank, mini-Swim tunnel, Danio-vision, odur experimental flume, and DISC. 	Comment by Editor/Reviewer: I suggest stating those methods here so reviewers don’t have to refer to an earlier section. In general, the more reviewers are asked to look at previous or later sections, the more the reading flow is disrupted and the proposal is harder to follow. 	Comment by Editor/Reviewer: Shuttle Box?	Comment by Editor/Reviewer: I suggest merging the paragraphs becasue this is a short section. 
Each treatment group per experimental method will include a default of N= 20 larvae but may vary up to N=30 according to a preliminary power analysis (see Ppower analysis in Ppreliminary results in preliminary results section X).  For example, for the shuttle tank experiments, we will test 20 larvae will be tested per species for each PAH, per concentration, resulting in 120 larvae for this experiment. We will perform aA power analysis of required samplessample sizes will be performed after preliminary trials, and sample sizes might be updated accordingly (for see example, see in the Ppreliminary results section X). The planned sample size per experiment is given in Table 1.	Comment by Editor/Reviewer: proposed?
PAH concentrations and measurement
In the laboratory experiments, we will establishrequired PAH concentrations will be induced using sea waterseawater stiped with tar for a period of one1 hourh. Required concentrations will be achieved using a series of dilutions with clean artificial sea waterseawater. We will The measurements of PAH concentrations will be done using an enviroFlu (TriOS Optical Sensors) PAH sensor, calibrated using PAH calibration solution (SV Mix, CLPCLP method Calibration Std #5 PAH Mixture) and verified using gas chromatography-mass spectrometry (GC-MS) measurements. CG-MS  that will be performed at a certified lab (Bactochem, Israel) following the standard method EPA 8270 by the USUS Environmental Protection Agency (EPAEPA) standard method EPZ 8270. The PAH concentration will be measured around each in -situ experimental unit using the enviroFlu PAH meter to ensure that the values match the following expectations:  ≥ 10 µg/L-1 total PAH/L at <0.5 m radius from treatment, and ~0 µg/L-1 total PAH/L at <0.5 m radius from control.	Comment by Editor/Reviewer: OK?
The PAH concentrations wewhich will be applyied in the lab experiments will represent sub-lethal to mildly lethal (1 and 10 µg/L-1 total PAH/L, respectively), and lethal concentrations, respectively 6,33. 
Anticipated outcome: (1) This This Aim (1) will provide a comprehensive answer foras to how larvae behave in response to the presence of PAH contamination in the water by, focusing on avoidance, attraction, swimming speed, survivorship, and spatial movement patterns (both horizontally and vertically). 
(1) The The experimental results ofin this aim will provide the basis for the model parametrization that will be developed in Aim 2 and implemented in Aim 3.
(2) FromOn a broader perspective, wethis will elucidate the fundamental question of whether larval fish can detect and avoid oil pollution or, or alternatively, remain in the contaminated area and potentially suffer lethal or sub-lethal consequences.	Comment by Editor/Reviewer: Didi I maintain your intent?
Table 1. Proposed methods for Aim 1, and the model parametrization associatedassociate with these experiments. The sampleSample size represents the expected number of larvae from our focal species: Mugil cephalus, Dicentrarchus labrax, and Sparus aurata to be tested in the relevant experimental methods.	Comment by Editor/Reviewer: To distinguish table and figure legends from the other text, I suggest itlaicizing them. 
	Method | Location
(sample size)
	Specific question/insight
	Explanation and modeled parameter

	Shuttle box
 Lab.
(120)
	Do larval fish actively avoid PAH pollution?
	Compute the probability of larval fish to elicit avoidance/attraction behavior. In other words, the number of virtual larvae that will elicit this behavior in the model isare based on the relative number of larvae thatwhich demonstrated this behavior in the experimental results (Foretich et al., 2017). 

	Mini swim flume
 Lab.
(120)
	How does PAH pollution affect larval swimming speeds?
	Compute larval swimming speed inunder polluted and clean waters. The relative change in swimming speed will be implemented in the modeled ontogenetic swimming speeds 17,34. 

	Danio-vision
 Lab.
(120)
	How does PAH pollution affect larval movement patterns and escape/startle response?
	Compute predation mortality. If larvae exhibit a reduced response to startle, we will assume an increase in their predation mortality 35.

	Odur preference Experimental flume
 Lab.
(120)
	What is the small--scale oorientation strategy of larval fish with respect to PAH pollution?
	Compute small-scalesmall scale orientation strategy in response to PAH plume if. If individual larvae have a distinct directional preference (e.g., 90° right turns) 23.

	DISC- Drifting In Situ Chamber
 Sea
(120)
	How does PAH pollution affect larval orientation behavior in situin-situ?
	Compute small- scale orientation strategy in response to PAH pollution in -situ, movement pattern associated with CRWCRW, BCRWBCRW, etc. 25,26,36.

	CARE- 
light trap
Sea
	How does PAH pollution affect larval fish recruitment probability?
	Compute recruitment probability under PAH-polluted vs.vs clean habitats for. For phototactic settlement-stage larvae which are attracted to light 37.

	SMURF- 
Sea
	How does PAH pollution affect larval fish recruitment?
	Compute recruitment probability under PAH-polluted vs.vs clean habitats for. For larval fish that are attracted to artificial substrate 29.


3b Aim 2- Intermediate complexity movement modeling	Comment by Editor/Reviewer: For clarity, I suggest using the same titles as in your list of Aims. For Aim 2, it is “Translating experimental results to biophysical larval traits” 
Rationale: One of the main challenges of the proposed research is to translate small-scale (centimeters and seconds) experimental information to large-scale (tens of kilometers and days) biophysical modeling traits, representing a difference of five orders of magnitude. Aim 2 is focused on addressing this challenge and, consistconsists ofing of a requiredan intermediate step is required for developing and implementingthe development and the implementation of our larval behavioral model in response to pollution. WTo do this, we will use MATLAB-based virtual arenas, wherein which both movement and pollution can be effectively represented and examined within a single framework atunder variable scales. This framework will allow us tothe implementation of numerous scenarios with variable classic movement strategies (e.g., CRWCRW, BCRWBCRW) and, as well as PAH-related orientation behavior (e.g., avoidance, attraction, indifference), while recording the toxic-dose state of each virtual larva. OurThe scenarios will be based on the characteristics and statistical tests in Aim 1, representing the: (1) the hypothesis outcome, either rejecting the null hypothesis of no effect or not rejectrejecting it, for example, whether or notif larvae avoid PAH pollution or not,. (2) the effect size, representing for example, the population proportion of population that responds to PAH pollution, and the magnitude of the their response,. (3) the variation of the response, representing the natural variability ofin behavioral responses in the population. We will model tThese traits are modeled at the individual level using the (e.g., Individual-BasedIndividual Based Model (; IBMIBM). Toxicity-related mortality will be applied based on the cumulative exposure of virtual larvae to PAHs, considering the PAH elimination rate inunder clean water conditions water38. We will compare tThehe virtual larval movement pattern effect of each type of behavioral variant on virtual larval movement pattern will be compared toagainst the other behavioral varianntsts. For example, the mortality rate, displacement, and tortuosity of virtual larvae that avoid PAH will be compared to the same conditions with virtual larvae that ignore the presence of PAHs. We will also include cClassic movement patterns of CRWCRW, BRWBRW, and BCRWBCRW will be included in these scenarios as well. Our proposed setThe of suggested set of scenarios  will representrepresents a wide range of possibilities given the  uncertainty and variability of larval orientation behavior in general and , and specifically in response to the presence of PAH pollution in particular. The transition between scales will be based on statistical modeling of movement parameters using moving windows across sub-sampled trajectories, similar to the methodology applied in Berenshtein et al., (2018a). 	Comment by Editor/Reviewer: OK? 	Comment by Editor/Reviewer: OK?	Comment by Editor/Reviewer: Did I preseeve your intent? 
A fundamental concept relatedthat relates to larval navigation in the absence of external cues is infotaxis, which refers to the movement of organisms in response to localized information gradients in their environment environment 40. Interestingly, the concept of reverse-infotaxis has been proposed, where organisms move away from the source of information gradients 41. This behavior has beeisn observed in various contexts, including chemical cues, suggesting that larvae might actively move away from unfavorable conditions or potential risks 46. By integrating these infotactic principles, both traditional and reverse, into micro- scale larval motion models, we willcan gain insights into how larvae optimize their movement patterns based on local environmental cues or lack thereof.

[image: ]We willThe modeling of PAH pollution is based on a smoothed gradient in a 10x10 square matrix where, while each cell of the matrix contains a random variable pulled for an even distribution in the range [0,1] and multiplied by a descending function of the distance of the cell. The matrix is then smoothed to achieve a realistically gradual gradient. 	Comment by Editor/Reviewer: For Figure 2, upper right, “Scale” should be capitalized. 	Comment by Editor/Reviewer: “Pulled” seems like jargon. derived from? 
Figure 2. A diagram of multi-scale movement simulation in response to pollution (Aim 2). THere the basic movement strategy is a Biased Random Walk (BRWBRW),, and an avoidance strategy of 20° right turns in case the larva encounters PAH pollution higher than a certain threshold.
Anticipated outcome: We expect three outcomes from Aim 2. (1) It will increase our understanding regarding fundamental concepts of animal movement in contaminated regions, and how their response to contamination affects movement trajectories expressed as  (e.g., displacement and tortuosity). 	Comment by Editor/Reviewer: Did I maintain your intent?
(2) Aim 2It will create the first “sand boxsandbox” virtual arena wherein which virtual animal’s responses to marine pollution can be examined at variable scaless could be examined. O urThis platform will be will be shared and made open access for , for the open use of the scientific community, enabling the simulation of animal movement in contaminated regions.	Comment by Editor/Reviewer: “open access” and “shared” seem redundant.
(3) AimIt 2 will create the quantitative framework, andor the intermediate connecting link, required tofor applyincorporateing ourthe Aim 1 experimental results  (Aim 1) intoin our larval dispersal biophysical models (Aim 3). It will also allow a quantitative transition between scales using sub-sampling statistics. 	Comment by Editor/Reviewer: OK?
3c Aim 3- Dispersal and Connectivity Modeling 	Comment by Editor/Reviewer: Again, I suggest the same title as used in your Aims list for clarity. In this case it woudl be “Biophysical larval dispersal models”. 
Rationale: We will use dDispersal and connectivity modeling will used to simulate spatiotemporally explicit virtual larval trajectories based on the connectivity framework (connectivity model system CMSCMS; Paris et al., 2013b) developed for the Eastern Mediterranean (Fig. 3). The spatial domain of this framework includes the Eeastern Mediterranean (east of 31.4°E),  and includinges coastal and continental shelf polygons, Marine Protected Areas (MPAsMPAs), and habitat types for the Israeli region. The physical component of this framework includesd nested ocean models of CIMEMSCIMEMS  42 as the outer domain, and South Eastern Levantine Israeli Prediction System (SELIPSSELIPS) as the inner domain  43 (Fig. 1). Copernicus Marine Environment Monitoring Service (CMEMSCMEMS) is a Copernicus-based hydrodynamic model implemented over the Mediterranean Basin with a horizontal grid resolution is 1/24˚ (~ 4 km) and has 141 vertical levels. The hydrodynamics are supplied by the NucleusNucleous for European Modelling of the Ocean (NEMO; (Clementi et al., 2019). SELIPSSELIPS is a sub-regional high-resolutionhigh resolution circulation model operated by Israel Oceanographic and Limnological Research (IOLRIOLR) that generates daily forecasts of temperature, salinity, and sea currents in the southeastern region of the Levantine basin (Fig. 1). We will use the available four years (2017-2020) of sea currents data from the nested modeling framework to capture the inter-annual variability of the system.	Comment by Editor/Reviewer: OK? I wanted “sea” to clarify that the data is on sea current, rather than more recent (current) data.  
We will enter theThe biological information and 4D current fields are fed into the CMSCMS dispersal model, which computes individual larval trajectories. The biological component in this model includes species-specific traits such as spawning season, spawning  and locations, and Pelagic Larval Duration (PLD),, as well as ourthe behavioral traits experiments (Aim 1). The data will be, and parametrized to fit ourthis larval dispersal model (Aim 2). Specifically, the dispersal outcome of control trajectories (no PAH pollution) will be compared against “treatment” trajectories (with PAH pollution). Currently, ly, larval dispersal models neither implement spatially explicit pollution maps nor larval avoidance behavior. Two major tasks as part of Aim 3. is to: (1) Ccombine spatiotemporally explicit PAH concentration maps (Aim 2) with spatiotemporally explicit larval trajectories (Aim 3). We will then,  and apply concentration dependentconcentration-dependent mortality rates based on existing LC50 response functions offor larval fish. (2) We willTo implement the avoidance behavior from obtained in the experimental results into ourthe individual basedindividual-based dispersal model. If no avoidance behavior is detected, we will conclude that larvae cannotare not able to detect and avoid oil pollution. H, and hence, only mortality associated with PAH concentration will be implemented.	Comment by Editor/Reviewer: input? 	Comment by Editor/Reviewer: utilized into our model?
We will The following estimates will be coompareered estimatedbetween scenarios where we implement avoidance behavior and mortality to scenarios that we do not at the regional (Eastern Mediterranean) and local (Israel) domains: recruitment success for coastal/continental shelf polygons, recruitment success for MPAsMPAs polygons, number of connections, number of MPAMPA connections, and the degree of self-recruitment. We will divide tThe ratio between results withof  behavior/mortality implementation divided by the control minus one towi ll provide the quantifyication of the behavior/mortality effect on larval dispersal outcomes. OurThis approach will also allow the quantification of the effect of the Israeli oil spill on larval survivorship, dispersal, and connectivity.	Comment by Editor/Reviewer: Can you please clarify this sentence? It is quite complex. I suggest breaking the ideas in to at least two sentences to the reviewers can more easily assimilate the ideas. 	Comment by Editor/Reviewer: Did I maintain your intent?
PAH pPollution hindcast simulation.
WFor this proposal we will make use of a hindcast of the Israeli oil spill (Feb. 2021) that, which successfully reconstructed the time and extent of the shore contamination, and which was observed in the field (Fig. 3). The oil spill modeling is based on the oil-CMS model (Paris et al., 2012). The oil-CMS model is an oil transport and fate model based on the open-source particle-tracking Connectivity Modeling System (CMSCMS) , 47,48). The oil-CMS accounts for key oil transport and fate processes in the marine environment, including biodegradation, dissolution, evaporation, wind-drift, and sedimentation 33,49–52. 
The original oil spill output includes spatially explicit oil concentrations during the duration of the spill (22 days during Feb-Mar 2022). We willTo expand our examination of the impacts beyond the limited duration of the actual oil spill., Tthe spills’ spatially explicit PAH concentrations will be applied asin three3 additional dates across the different seasons (June, September, and December) andacross the four years of simulations. Based on ouron the  experimental results with of the light trap and the SMURF, and ifif indeed recruitment to contaminated units is indeedwill be lower compared to the “clean” units, contamination of the coast (oil on the shoreline) in our simulations will deter recruiting larvae, resulting inand cause them to avoidavoidance of the contaminated coast. 	Comment by Editor/Reviewer: months? Months are not seasons. 	Comment by Editor/Reviewer: For reviewer clarity, I suggest specificying the four years?	Comment by Editor/Reviewer: Did I preserve your intent? 

At the regional (Eastern Mediterranean) and local (Israel) domains, wThe followinge will compare estimateds will be compered  between scenarios where we implement avoidance behavior and mortality to scenarios where wethat we do not implement avoidanceat the regional (Eastern Mediterranean) and local (Israel) domains. The scenarios will be: recruitment success for coastal/continental shelf polygons, recruitment success for MPAsMPAs polygons, number of connections, number of MPAMPA connections, and the degree of self-recruitment. We will divide theThe ratio between the results with behavior/mortality implementation divided by the control minus one to will provide the quantifyication of the behavior/mortality effect on larval dispersional outcomes. OurThis approach will also allow the quantification of the effect of the Israeli oil spill on larval survivorship, dispersal, and connectivity.	Comment by Editor/Reviewer: Did I maintain your intent? Again this is a complex set of ideas. 	Comment by Editor/Reviewer: include?
Anticipated outcome: 
(1) this Aim 3 will generate virtual trajectories under conditions of with and without PAH pollution, while considering a realistic pollution event that occurred during 2021. 
(2) This Aim 3 will compute the effects of PAH-related larval behavior on larval dispersal and connectivity estimates such as connectivity matrices, dispersal kernels, and betweennessbetweenness centrality.
(3) From a On a broader perspective, our proposalthis will push the envelope in increasing the biological realism of biophysical models, promoting suitable marine conservation and policy efforts. 



c. Preliminary results
(Aim 1) W Shuttle tank experimente conducted f: five preliminary shuttle tank trials were carried out with , demonstrating preliminary non-conclusive results. Tin which three larval fish spent morea longer amount of time in the clean chamber (two withof which indicated a significant difference proportion test p<0.01), and two larval fishe spent  significantly morelonger amount of time in the polluted chamber (proportion test p<0.01) (Fig. 3). More trials are needed to provide a clearer picture of these dynamics. Nevertheless, even if this trend continues, we this information willl be implemented this information into ourthe modeling ,framework  for examining the behaviorale effect of this behavior on larval dispersal and connectivity. A paired t-test power analysis indicatesd that under these conditions, a sample size of 92 larvae will be needed to achieve a significant result, with a power of 0.8. BecauseAs the maximumal sample size determined per experimental unit is N=40, ourthis specific trial mayight be considered non-significant. WeThis will be reassesreassess the significancesed following an additional set of preliminary trials. In addition, we developed a digital tracking algorithm that was was developed and applied tofor the shuttle tank and DISC, experiments, and will be similarly applied in the other laboratory experimental methods. 	Comment by Editor/Reviewer: Shuttle-Box? If shuttle tank and Shuttle Box are the same, I suggest Shuttle Box for consistency, especially as this device is described as Shuttle-Box system earlier. 	Comment by Editor/Reviewer: understand?	Comment by Editor/Reviewer: introduce? apply? incorporate? 	Comment by Editor/Reviewer: preliminary trial?	Comment by Editor/Reviewer: As a friendly reviewer, I suggest you phrase this sentence differently. As written, it is saying that you will need more prelminary results to validate your preliminary results. It will invite reviewers to suggest that you complete your preliminary results before funding. Perhaps you can state that your proposed research plan will address the mixed results of your trial. Furthermore, even with this intermediate result is validated, you will add this data to your model because your goal is to model the true behavior of larval fish. This is just an example to illustrate the point. The actual text is for the PI to decide. 	Comment by Editor/Reviewer: I suggest indicating what those other methods are for reviewers. 
(Aim 2) We developed tthe “sandbox” MATLAB-based virtual arena was developed, and simulated virtual larval movement trajectories were simulated in response to the artificial application of gradient of PAH pollution (Fig. 3).
[image: ](Aim 3) We have fully developed tthe biophysical framework, has been fully developed, and the modeled current field washas been successfully validated against in-situ measurements (Fig. 3). We also completed t, and the hindcast simulation for the oil spill that occurred duringin Feb. 2021, has been completed (Fig. 3).   
Figure 3. Preliminary results and available resources. (Aim 1) An example of an output from a single shuttle tank trial’s first five minutes, the left chamber is contaminated (A), and the relative amount of time spent in the contaminated versuss. the clean chambers (B). (Aim 2) Tthe “sandbox” intermediate modeling framework was developed for simulating movement and pollution at variable scales for Biased Random Walk (BRWBRW) with (C) and without (D) a predetermined direction, and a PAH avoidance strategy of 20° left turns upon encounter with above-threshold PAH concentrations. (Aim 3) The Israeli oil spill hindcast simulation (Feb. 2021) (E). Oil slick identified using Sentinel 1 satellite Synthetic Aperture Radar SARSAR data. Simulation of the Israeli oil spill using the oil-CMS model. Example es of results from the cConnectivity modeling framework for the Eastern Mediterranean were provided for larval Parupeneus forsskali and , which characterized by a pPelagic lLarval dDuration of 25-37 days, and shallow coastal habitat (adult fish) at depths of 10-40 m (F). The rRegional connectivity matrix for the same simulation, where the in which area between two adjacent white lines (both vertical: bottom to topup, and horizontal: left to right) representsrepresent the coastal areas of the counties: Egypt, Israel, Lebanon, Syria, Turkey, Greece, and Cyprus, respectively.	Comment by Editor/Reviewer: OK? 
d. The conditions available to the researcher to conduct the research	Comment by Editor/Reviewer: resources?
Our Conditions available conditionsto the researcher include laboratory space, the shuttle tank, the enviroFlu PAH sensor (TriOS Optical Sensors, Germany), the CMSCMS modeling framework, and SMURFS. In addition, the capacity for molecular identification of newly recruited post post-larvae will be provided by the Laboratory of Dr. Nir Stern from IOLRIOLR (see Ssupport Lletter #1).	Comment by Editor/Reviewer: resources? 	Comment by Editor/Reviewer: Shuttle Box?
e. Expected results and possible pitfalls
We I expect to bridge the critical knowledge gap of how larval fish responds to PAH pollution., We will provideing a detailed description of theis larval response, and how it impacts regional and local larval dispersal and connectivity patterns. As in most behavioral experiments, weI expect that the experimental results towill be highly variable among individuals and species and  notwon’t necessarily provide significant results for all experiments. WeThis will deal with this be systematically delt per experiment such that the effect andalong with its variation willcan be implemented in the modeling frameworks of Aim 2 and 3. In addition, the results might be contradictorying between the different methods., Ffor example, we may observe increased recruitment to contaminated SMURF units, and decreased recruitment in contaminated light traps. WeUnder such results, I will look for an explanatory external variables thatt may explain these differences in such cases. If a n case such variable is not found, weI will simulate both increased and decreased recruitment as part of a sensitivity analysis, adding this possible variability to the overall uncertainty of the system.  Similarly, we knowthere is little explicit knowledge about the small small-scale PAH distribution and /patchiness during pollution events. To tackle this, weI will simulate a range of patchiness patterns, usingcarrying out s sensitivity analysis ofwith respect to the effect of this patchiness on larval dispersal patterns. In addition, as larval fish recruitment is affected by a wide range of factors beyond the potential impacteffect of PAHs, we expect variability is expected both in the SMURF and the light traptraps results. To isolate the effect of PAH, weI will use paired units spacedwith 10 m apart that, which will be randomly orientated with respect to each other, with positions exchanged every consecutive deployment.	Comment by Editor/Reviewer: behavior?	Comment by Editor/Reviewer: I divided the ideas into to sentences. Did I maintain your intent? 	Comment by Editor/Reviewer: “tackle” seems like jargon. address? 	Comment by Editor/Reviewer: There is sufficient space after compacting the text to add a final statement to the section stating the broad significance of the research to bring reviewers back to your overall goal. It is a statement of the expected results in a broader sense.  
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