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CHAPTER 1
BIOLOGY, DISTRIBUTION, AND BEHAVIOR OF ADULT BASS
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The striped bass is a beautiful, majestic fish that should never be taken for granted. The artist of this painting, John Rice, also did the artwork for several covers for the books of Brad Burns. PHOTO BY JOHN RICE



Trophy-sized striped bass have different behaviors, habits, and preferences than younger, smaller ones. Large stripers have superior swimming and feeding abilities. To make more informed decisions about how to fish for big striped bass, it’s important to know their physical characteristics, abilities, and senses. You’ll need to predict their general locations and when they will be associating with precise locations throughout seasonal changes, lunar cycle, tide, if applicable, and specific times of the day. You’ll also need to know what the bass and their prey are doing and why the forage is in a particular location. Let’s start focusing on what we know about big striped bass and how we know it.

To understand striped bass and manage them, governmental agencies, academic institutions, and special interest groups have studied them since the turn of the twentieth century. Herein lie some clues the angler can use if they learn to understand and glean through the science. The most important questions about striped bass have been: what is their lifecycle, diet, and what are the details of their mating and reproduction. Are there discrete groups based on adaptation, what is their range, and when and where are their seasonal migrations?

NOAA, the Department of the Interior, Department of Fisheries Canada, state fish and game, in conjunction with universities, fund and oversee striped bass and forage research conducted in laboratories and in the field. Non-governmental agencies like the Pew Trust, the American Littoral Society, and others have also conducted studies and data collection. Just as important, many organizations conduct studies on the forage striped bass are dependent on in their diet and advocate for their conservation.

The standard method of research is to collect specimens in nets and quickly gather data, such as species identification, size and weight, and release or discard non-target species. Then they transport specimens back to the lab where they are frozen. Subsequently, scientists inspect internal organs, such as the sexual organs, as well as stomach contents and so on, depending on their goals. Age can be approximated by size, but when a scientist needs to be more precise, they remove the otolith bone in the inner ear and count its growth rings to determine the number of growth seasons, or years of age, like the rings in a tree trunk. Observers have called the otolith the earstone because of its hard calcium structure. There are even ways to analyze radioisotopes in these bones to age an individual fish.

Despite these endeavors to study striped bass and associated species, there are still mysteries and obscure areas of research on the periphery of the main priorities of researchers. Also, many studies made back in the 1930s or 1940s or later are outdated because of changes in habitat and changes in populations due to regulations, weather, adaptation, and other influences. I’m going to attempt to deliver as accurate a picture as I can using historical conclusions and have stated when I’m opinionating or relating anecdotal evidence.
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The propulsion from the broad tail of a large striper gives it the advantage over smaller prey, especially in waves and current. PHOTO BY JOHN SHERMAN




PHYSICAL CHARACTERISTICS AND SENSES

Striped bass have a triangular-shaped head that is about a quarter the length of the body and a pointed snout. The lower jaw protrudes slightly past the upper, and the end of the maxillary extends to the back of the eye socket. Small conical maxillary teeth used to hold prey are located on the hyoid, vomer, and palatine bones. These are located on the roof of the mouth and on either side of the tongue.

Its body is stout and streamlined with more roundness toward the front. The point of the greatest circumference is under the spiny front dorsal fin. A separate rayed dorsal is located just behind it. The tail is large and slightly forked, compared to the mackerels, bluefish, and jack families. In addition, bass have wide, well-developed fins used to swim and control position in strong currents. This is an advantage they use over their prey. Stripers do not have an adipose fin, nor dorsal or anal finlets.

Many fish, including striped bass, have red and white muscles that function differently. Their red muscles are aerobic and utilize oxygen supplied by the cardiovascular and respiratory system while the white muscles are mostly anaerobic and use fuel stored in the muscles and little oxygen. While a fish swims within its sustained cruising speed, only the red muscles are used. When it swims at sustained high swim speeds, some of the white muscles are used, leading to eventual fatigue. During burst swimming, the white muscles are used at maximum capacity, causing rapid fatigue.
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Adult stripers are piscivorous and can engulf small prey in a gulp, or crush and hold larger ones before swallowing. PHOTO BY BEN FURIMSKY



I’ve heard varying opinions whether striped bass have a preferred swimming direction in relation to current. One states that stripers swim into the current so they can respirate and use their olfactory senses to navigate and locate food. That doesn’t consider their other senses of vision, lateral line detection, and other ways of ventilating. Dave Anderson, Field Editor of The Fisherman magazine and striper specialist, said, “In my observation, stripers almost always travel with the current.”

To address the question of respiration and swimming in relation to current, there are two ways striped bass accomplish ventilation, or respiration. The first is ram-gill ventilation: This is when a fish opens its mouth and lets current flow through its mouth and out its gill covers. The fish can perform this by swimming into the current and remain stationary, or by swimming faster than the current. Or it can swim through stationary water, or swim in the same direction as a slow current at a speed that exceeds it.

The second way is called branchial pumping, or cyclic ventilation. The fish uses its muscles to pump water in one direction over its gills while at rest. It is performed when there is no current to take advantage of. This is most common in inland waters. Both methods consume energy, and there are efficiencies when ram ventilating (Freadman 1979). But since a bass can ram ventilate while swimming with current if it swims at a rate that’s the same as or faster than that current, it supports the idea that they swim with currents moving in the same direction as their seasonal migrations. When a fish needs to extract more oxygen, it can swim faster. Not only are feeding and respiration essential for survival, camouflage and defenses are equally important.

Like most fish, they are counter-shaded for protection against predation and detection when hunting. They’re darker on top and lighter on bottom. This matches the bottom or darkening depths when viewed from above, and the light abdomen blends better into the light sky when viewed from below.

The color of striped bass changes with habitat. After periods inhabiting turbid estuaries, striped bass take on a dull grey or brown color. I’ve seen bass with this appearance in the St. John River in New Brunswick, Canada. In clean, clear water, the stomach color graduates from white to pearl and becomes increasingly iridescent silver, then blends into shades of green-blue to almost black on top. In the right light you will see iridescent bronze hues above the lateral line. Above the white are seven to eight almost-black stripes running from the head and into the tail, or caudal fin. Sometimes the stripes are broken and misaligned. The fins and tail are a brown-grey color.

We are not sure if their stripes are a form of camouflage or something else. In fish, coloration can evolve into markings and patterns to help individuals locate each other in poor conditions, avoid collision, or coordinate with each other (Miller 1922).

Most fish use cover as a defense against predation and have adapted camouflage to match their habitat. Most striped camouflage in fish is a vertically barred pattern to match aquatic vegetation, but for the majority, striped bass don’t live in tall grass. But since striped bass make migrations in open water, they can’t hide in the weeds or among rocks. Some researchers think their horizontal stripes create a disruptive coloration defense when individuals blend as a school because of their common pattern and predators can’t pick a single target. Striped bass exhibit the “confusion effect” and predators have a hard time picking a single target. Striped bass form schools to help protect themselves and to work together to find food more successfully.
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Not only do fish like stripers school-up by species, but they also often segregate by size and age. PHOTO BY MIKE LAPTEW



Schooling protects the individual from marginal predation by moving inward away from the edges of the school where they are most vulnerable. This is an example of “safety in numbers,” rather than standing alone. Fear of danger and the need to be farther away from it can also cause circulation within a school. A scientific paper on this behavior was published, in which this theory was named the “selfish herd” (Hamilton 1971). Striped bass segregate into a school of similar-sized members that can travel at the same speed. They do this at a very small size and migrate together for most of their lives. Scientists have found that big striped bass school-up by size when migrating and to hunt most effectively, but at other times, they split up individually or into small groups (Greene, K. E. et al. 2009).




SENSES

Striped bass use their senses to protect themselves, find suitable habitat, reproduce, and feed. These senses are vision, hearing, smell and taste, which are linked, and feel. These senses enable them to thrive in muddy, sediment-laden, or clear water whether they are under ice, waves, or river current. Knowledge of striped bass sensory capabilities can be important in developing more effective flies and presentations to mimic striped bass forage and the behaviors that trigger strikes.


Vision

Striper anatomy has evolved so their eyes are located forward and high on their heads so they can see forward and upward more easily. This primarily helps them feed on the surface and see predator threats from above, like ospreys. They can rotate each eye almost 180 degrees and have forward binocular and side monocular vision using one eye at a time. Like most fish, stripers have a blind spot behind them.

The color-sensitive cone cells in the eyes of certain fish, including striped bass, move toward the surface of the retina during daylight hours and retreat to make room for the contrast-sensitive rod cells at night (Lythgoe 1979; Crescitelli 1991; Levine and MacNichol 1979). This “circadian rhythm” changes with the sun angle and length of days throughout the seasons.

A study conducted at the Virginia Institute of Marine Science by Dr. Andrij Horodysky, who happens to be a fly fisher and tier, and several NOAA scientists published in the Journal of Experimental Biology in 2010 shows that the vision of striped bass is most sensitive during daylight hours when they can discern a wide range of colors from blue to red. The study describes the effects of light filtration in different waters: “Pure natural waters and clear pelagic seas maximally transmit short wavelength (blue) light, whereas coastal waters are most deeply penetrated by intermediate (green) wavelengths. Estuarine and many fresh waters maximally transmit longer (yellow-red) wavelengths due to increasing concentrations of phytoplankton.”

You might deduce that the color they can see the most readily would be chartreuse, which is a combination of yellow and green. In a 2006 article in the Crest, VMS, Dr. Horodysky repeated something I think Lefty Kreh once coined: “If it ain’t chartreuse, it ain’t no use. Nothing in the wild is ever chartreuse, but the color is right smack dab in the middle of a striper’s visual range. They can see it really well.”

The group also studied striped bass visual responsiveness by introducing flashing light at controlled speeds measured in Hertz (Hz) from one to 100. Bass have a flicker-fusion frequency of around 50, which is on the high end for salt-water fish, which range from about 25 to 60. This gives bass the visual ability to hunt relatively fast-swimming prey, like adult menhaden.

Striped bass have a high number of rod receptors in their eyes, which gives them good night vision when the spectrum is reduced to almost black and white. The cone receptors are used to detect color. Fish can see polarized and UV light, which can help them with contrast and low-visibility situations. It hasn’t been established to what degree striped bass use this ability. Most studies on this specialized vision are concentrated on salmonids. During the transition period at dusk and dawn, stripers have an advantage over some of their forage species whose eyes do not adapt as readily to light change. Striped bass will take advantage of this and feed during these periods.
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You can generally tell the type of food a fish is best adapted to feed upon by their eye and mouth location and anatomy. Stripers can best feed upward at the surface but have no problem rooting for crabs on the bottom. PHOTO BY JAMES MANNING



For fish to see in turbid water where light gets filtered out over a short distance, they use their hearing, lateral line sensation, and smell to detect food. Once detected, sight directs them to catch their prey close-up.




Smell and Taste

Fish use their sense of smell to avoid harmful substances and conditions and seek out suitable habitat and food. They rely on smell and taste to find mates and spawning places and navigate seasonal migrations of a thousand miles or more. Fish instinctively seek certain particles and smells associated with estuaries and coastal tributaries when they are trying to locate spawning habitat or sources of food. Their seasonal aim is to locate the right mix of fresh and salt water, preferably a river, in which to spawn.

The nostrils of fish are not used for breathing but contain olfactory organs equipped with sensory cells to detect substances it interprets as smells. Two sets of nostrils are located ahead of their eyes on each side of their snout. They are designed and placed for effective induction of water whether they are swimming or if water current enters the nostrils, whether the fish is moving or not. When a fish is stationary and no current is moving, tiny cilia move water over the sensory cells. The nostrils are connected to the mouth so taste and smell can be processed simultaneously.

The striped bass has taste buds on its lips, tongue, and over most of its mouth. Fish have tactile nerves in their skin, fins, and mouth. Many fish, including striped bass, test potential food objects with their mouths and reflexively either eat or expel them.




Hearing and the Lateral Line

The hearing ability of the fish we pursue is important for two reasons. First, we have to get close enough to them undetected so we can make an effective fishing presentation, and secondly, we can use sounds in fly design and presentation to trigger a strike or help them locate our fly. Since sound can travel farther underwater than light, fish rely on highly adapted organs to detect sound and vibration to avoid predation and locate food.

Fish, including the striped bass, have one inner ear located in their head. The inner ear is used for balance and to detect high-frequency sound waves. The inner ear has several liquid-filled canals that contain the otoliths and nerve receptors equipped with hair-like cilia. Otoliths are essentially small bones, commonly called “ear stones.” The otoliths have annual-growth rings like a tree that can also be read to determine age. Otoliths and the fluids in the canals vibrate differently in response to sound waves, and the hair-like cilia interpret the differences in these vibrations as sounds.

The swim bladder is an organ that serves as a ballast and as a sensory organ. It is a gas-filled sac that resonates vibrations. In some fish, mainly freshwater species, the inner ear is connected to the swim bladder by four bones that help increase hearing sensitivity.

The other way fish sense sounds and vibrations is with the lateral line. Striped bass also use it to detect water temperature. It contains a row of small pores containing sensory cells called neuromasts. Inside them are fluid-filled capsules called cupula. The neuromast also contains sensory hairs that detect vibrations affecting the cupula and relays them to the brain via the nervous system.

The lateral line detects the low-frequency vibrations produced by the movement of water or animal, including themselves. It senses sounds reflected off other objects like sonar to avoid objects or other fish. This comes in handy in conditions of low visibility for navigation and schooling. Striped bass depend upon their lateral line in conjunction with their vision to seize prey at close distances.

Sounds can be caused by waves or splashes on the surface or by underwater movement. Sounds are made underwater in two ways. First, there is the back-and-forth motion of particles in the water. This not only carries the energy of the sonic wave but also the displacement of the water by its source. These sound waves are detected by the inner ear and/or lateral line of fish only at close distances. That is why they are also referred to as near field, since it refers to the effect close to the source of the sound.

The second effect is particle motion in the far field and deals with effects farther away from the source of the sound. It differs from near field because its particle motion is caused by the sonic pressure wave. Striped bass detect far-field sounds with their inner ear and swim bladder.






STOCKS, DISTRIBUTION, AND HABITAT


Distribution


Historical

The striped bass historical range is in the northern Gulf of Mexico from eastern Louisiana to western Florida and in the Atlantic; the northeast coast of Florida to Maine; and, in Canada, the Bay of Fundy, the southern Gulf of St. Lawrence, and the St. Lawrence River. This includes coastal estuaries and rivers upstream into fresh water.

There is much historical evidence of the presence of healthy spawning striper populations in many rivers from New Jersey through New England. Industrialization in the nineteenth and twentieth centuries impacted the depth and water quality of the rivers and estuaries and decimated the prospects of successful spawning. Dams, siltation, channelization, pollution, and climate change have all taken their toll. Since temperatures and flows vary seasonally, you might occasionally find limited numbers of individuals that spawn successfully under suboptimal circumstances in historical rivers. There must be a combination of suitable depth, flow, salinity level, and water temperature for a miracle to happen.

Some anglers assume that if they catch tiny bass in estu-aries or rivers in nets or by hook that there must be natural reproduction occurring nearby. It is assumed that the habitat must be suitable for successful striped-bass reproduction. Tagging studies have proven that schools of juvenile stripers as young as two years old can travel great distances along the coast. At this age, they are about seven inches to a foot in length. There, they enter estuaries and join other striped bass (Fuller and Neilson 2019).
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This painting on my wall from Philadelphia in 1884, presumably on the Delaware River, shows a time when striped bass were less impacted by today’s population and agriculture. OIL BY C. HITCHCOCK, 1884



In 2019, International Game Fish Association (IGFA) striped-bass all-tackle world-record-holder Greg Meyerson told me he has seen five-to-seven-inch striped bass in Connecticut rivers such as the Pawcatuck, Quinnipiac, Housa-tonic, Connecticut, Salmon, Thames, and Farmington. Marine photographer Richard King says he’s seen six-inch juvenile striped bass in Barnegat Bay, New Jersey, that he swears were spawned in Tom’s River. Other examples were cited in a study on migration, titled “Stripers spawn in unmeasurable numbers in unsuitable and alternate spawning habitat like the Mullica River, NJ and Saco River, Maine” (Grothues et al. 2009).

The Kennebec River in Maine used to be a glorious Atlantic Salmon, shad, alewife, and striped-bass river, but in 1837, that ended with the construction of the Edwards Dam at the head of tide in Augusta, Maine. Thankfully, the Edwards Dam was removed in 1999. Other dams further downstream were constructed, but when they became obsolete, conservation groups and the federal government had them removed, too. Their destruction added 18 more miles of open river, from the ocean to the mouth of the Sebasticook River. Then, in 2008, the Fort Halifax Dam on the Sebasticook River was removed and restored the alewife run from almost nothing to approximately 3.5 million.

The remaining dams in the way of these great runs are Brookfield Power’s Lockwood Dam in Waterville, Hydro-Kennebec Dam, also in Waterville, Shawmut Dam in Fairfield, and Weston Dam in Skowhegan, Maine.




Current

Today, there are only 10 rivers that support abundant, natural striped-bass reproduction from Virginia to the Gulf of St. Lawrence. The St. Lawrence River stripers are in the process of a comeback, as evidenced by a video of spawning sent to me in 2019 and more recent assessments.

Scientists have suggested that there are thermal barriers (too warm in the south and too cold in the north) that prevent populations from traveling beyond their modern range. These are the far-northern populations, such as those in the St. Lawrence River (Magnin and Beaulieu 1967), and southern populations, such as in the Savannah River, Georgia (Dudley et al. 1977). Striped bass seem to prefer the temperatures in the southern rivers and remain there year-round rather than travel up the coast.

Genetic analysis, tagging, and fishing show there is an absence of striped-bass migration between the Bay of Fundy and the Gulf of St. Lawrence. There may be a thermal barrier stopping southern migration of Gulf stripers caused by a coldwater upwelling off Cape Breton along the Atlantic coast of Nova Scotia (Melvin 1978). This mass of cold seawater no more than about 50°F in summer (Scott and Scott 1988) is well below the preferred temperature of 64°F to 72°F for adult striped bass. Some Bay of Fundy fish do, however, travel south and mix with US stocks.







Transplantation


Pacific Coast

About 135 fish from the Navesink River, New Jersey, most of them not over three inches long, were brought by rail and planted in the Carquinez Strait in 1879. This location is in the San Joaquin/Sacramento River estuary.

A second stocking of 300 more from the Shrewsbury River, New Jersey, was made in 1882 in Suisun Bay, just downstream of the first stocking. Beginning in 1884, the state made many transplants using California striped-bass stock along the Pacific Coast as far north as British Columbia in 1884 and from San Diego to the Oregon line in 1887. As a result of that transplantation, there are striped-bass populations in the San Francisco Estuary and a small one in Coos Bay, Oregon. Reproduction was so successful that a commercial striped-bass fishery was established in California 10 years after transplantation (Raney 1952).

This stock has also inadvertently populated a California reservoir system in the Central Valley Water Project. Land-locked striped bass were established in the O’Neill Forebay and San Luis Reservoir by being pumped in from the California Delta. The system pumps water from the Sacramento–San Joaquin Delta to the O’Neill Forebay via canals. Water is then pumped from the Forebay up into San Luis Reservoir for storage. San Luis is the nation’s largest off-stream reservoir. When the state needs drinking water, irrigation, or power generation, it releases or pumps water from storage as needed. There is no evidence there is any natural reproduction in the reservoir system.
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Although the transplantation was widespread starting in 1879, striped bass did not succeed well in the Northwest, Southern California, or Mexico because of temperature extremes preventing spawning.



The range of these fish today is along the Pacific Coast from Ensenada, Mexico, to British Columbia, Canada. Striped bass also were introduced into rivers, lakes, and reservoirs throughout the United States and to foreign countries, such as Russia, France, and Portugal (Hill et al. 1989). Striped bass have also been introduced intentionally and unintentionally into freshwater reservoirs throughout the United States. Some have even become landlocked, incidentally in lakes when dams were constructed. Several southern tailwaters offer suitable water temperatures and thermal refuges for a variety of fish species, including striped bass.

The success and desirability of the transplantation of striped bass to the Pacific initiated in 1879 depends on whom you ask. If the people in favor of their transplantation thought there was an open niche and there would be no conflict, they were wrong. There is an ongoing war on striped bass being waged by the interests of agriculture, salmonid anglers, and environmentalists.

King salmon, steelhead coho, Delta smelt, longfin smelt, and tidewater goby are listed as endangered fish that are being threatened or endangered by the predation of striped bass. I’m sure that there are other factors driving the decline of these species. Some think that agricultural and urban water interests would like to eliminate striped bass so they can obtain more irrigation water without the complications of endangering a desirable species.

Striped bass were very abundant until around 1985 when water exports and agricultural chemicals were identified as detrimental to many species in the Delta. In 2011, the California Department of Fish reported that the number of striped bass in the Delta had dropped to about 500,000 from a peak of 1.5 million in the year 2000. In 2020, the number was estimated at fewer than 300,000. “Scientists say the existing population may be as small as 5 percent of historic highs, and even diehard fishermen have given up trying to catch striped bass—once one of the most popular game fish on the West Coast” (East Bay Express, Alistair Bland).

Donald E. Stevens, who was a biologist with the California Department of Fish and Game, theorized four causes for the decline: “1) The adult population was too small to maintain adequate egg production; 2) planktonic food production has decreased to a point that is too low to sustain historic population levels; 3) loss to entrainment in water diversions; and 4) pollution in the form of pesticides, petrochemicals, and other toxic substances.”

The habitat in which striped bass thrived for decades has changed dramatically, according to scientists. “The decline is directly related to flipping on the switches to the state and federal water pumps,” said David Ostrach, a former University of California, Davis researcher who has closely studied striped-bass reproduction and physiology. Ostrach is referring to the two major water pumps in the southern Sacramento–San Joaquin River Delta: one built by the federal government shortly after World War II, and the other by the state in the 1960s, both of which today remove about half of the Sacramento River’s freshwater before it ever reaches San Francisco Bay. The water is sent south to San Joaquin Valley agricultural interests and Southern California residents, and the health of the Delta ecosystem and its residents, Ostrach said, has suffered as a direct result. “Striped bass are an estuarine species, and because of the water exports, we no longer have a functioning estuary.”

The state biologists today say that most spawning occurs between 61°F and 69°F, and the spawning period usually extends from April to mid-June. Stripers spawn in open fresh water where the current is moderate to swift, especially the San Joaquin River between the Antioch Bridge and the mouth of Middle River. Another important spawning area is the Sacramento River between Sacramento and Princeton. About one-half to two-thirds of the eggs are spawned in the Sacramento River and the remainder in the Delta (California Department of Fish and Wildlife). The state Fish and Game Commission unanimously voted to change striped-bass-fishing regulations, potentially setting up a decline in the fish’s population. This vote ends a 1996 policy placed to keep the striped-bass population at around one million throughout the State of California, and this vote can drastically change that number.

In a 2019 report on the California Current, NOAA scientists found that cooler water has resulted in improved condition of zooplankton—the foundation of the ocean’s food chain—greater juvenile salmon returns, and bigger anchovy schools, a boon to larger fish and whales.






Habitat and Survival

The Atlantic Coast where the striped bass has evolved is a submarine coastline. About 18,000 years ago, the sea level was about 400 feet lower than it is today. Striped bass originated as a freshwater species tied to spawning in freshwater rivers above the tide. As its habitat became flooded by advancing salt water over time, the species adapted to life in both environments.

Striped bass are anadromous and can live entirely in fresh water as they do in inland lakes to which they are introduced, or entirely in salt water, as some do in the Atlantic. Most native adult bass split their time between the salt and fresh, or brackish, waters. Some individuals consistently or randomly choose one over the other for part of a season, or an entire season, or part of a lifetime. To have successful reproduction, they need fresh water, a small amount of salt, and just the right depth and current for offspring survival.

Stripers are ectothermic, or cold-blooded, so their body temperature is controlled by water temperature. The most important environmental factor striped bass use to choose their location is suitable water temperature. The second is the amount of dissolved oxygen, but temperature and dissolved oxygen are inversely related. The higher the temperature, the lower the dissolved oxygen. Colder, denser water sinks in comparison to warmer, less dense water. In salt water, this boundary of water of different temperatures and salinity is called a pycnocline. It can be seen as a line or layer on a sonar screen. Striped bass leave waters that are above their temperature and below their oxygen thresholds. The larger and older the bass, the greater their need for cold water. They usually leave waters first, before smaller ones, as spring or summer heats the water.

In brackish coastal systems influenced by rivers and runoff, the amount of salt varies with seasonal flows, wind, coastal currents, tides, waves, and the Coriolis effect. The differing amount of oxygen between the fresh water and the salt water can determine which is more suitable for striped bass. The colder salt water usually has more oxygen. In rivers and their estuaries, the rising tide increases the inflow of colder salt water, and the outgoing increases the river flow of fresh water.

Striped bass are adaptable to a wide range of water temperatures and can live in rivers and estuaries with zero underwater visibility. The striper’s preferred temperature range is between about 50°F and 65°F. A maximum preferred temperature of 77°F to 81°F during the growing season was reported by Merriman (1941). The optimum salinity for adults is 1.7 parts per thousand (ppt) (Albrecht 1964).

The striped bass needs dissolved oxygen levels over five parts per million (ppm). Their oxygen preference is between 8.1 to 10.1 ppm with the peak activity around 9 ppm. Adult striped bass are known to avoid areas of 44 percent (of saturation) or less in dissolved oxygen concentration (Meldrim et al. 1974). These limits of temperature and oxygen also affect behavior, growth, and spawning success.

In freshwater bodies, like the tailwaters of the South, the California impoundments, or the Chesapeake Bay, which have freshwater tributaries, there is a seasonal cycle of temperature stratification and then mixing. This complicates the life of coldwater species seeking refuge in summer. I’ve experienced this only in lakes over 40 feet in depth, but these bodies of water will stratify into three layers in summer. The depth at which these layers form is relative to the overall depth and water clarity. The clearer the water, the deeper they form.

In spring or summer when the water surface warms up, a surface layer called the epilimnion forms that should have an almost homogenous temperature, sufficient oxygen, and the most plankton. Next, at a depth from about 8 to 40 feet, a boundary of cooler, denser water called the thermocline forms, which is characterized by having a great change in temperature in just a few feet and can be seen on sonar devices. In deep lakes, a third layer forms called the hypolimnion. This deep, cold layer has a smaller temperature gradient to the bottom and has the least sun penetration, oxygen, and life.

As the water cools in the fall, the difference in the density of the thermal layers lessens, and cooling surface water sinks and mixes throughout. This process is called turnover. After this occurs, striped bass can move throughout the depths and feed wherever they find their food.

The Chesapeake Bay is one of these waters that has problems in summer with excessively warm water for big stripers. The salinity is greatest near the mouth of the Chesapeake Bay, and the lowest salinity is where the rivers flow into it.

The greatest river flows are in spring with rain and snow runoff. Water warms more quickly in the shallower areas from spring through summer. Ocean temperatures are colder, more oxygenated, and slower to warm up than the headland rivers and tributaries. As the fresher, warmer water flows south toward the sea, it floats on the denser salt water, creating stratified layers, or clines.
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The stratification process is most impactful to striped bass and their forage when it reduces habitable water in summer.



Freshwater river flow from the north mixes with saltwater incursion and tides from the south. The area that collects the most nutrients and suspended particles is called the zone of maximum turbidity. The Coriolis effect, a phenomenon caused by the Earth’s rotation, pushes flowing water in the Northern Hemisphere clockwise, or to the right. According to the Chesapeake Bay Program, due to this effect, the saltier water moving up the Bay veers toward the eastern shore.

In freshwater impoundments or coastal estuaries where adult striped bass are either physically unable to relocate, or water temperature barriers keep them from escaping, they must find refuge or suffer the consequences. Refuge can come from the flows of cold feeder creeks or submerged springs. The most negative effect of water temperature extremes is either freezing in winter, or death due to excessive heat and lack of oxygen.

Dr. Charles Coutant, a retired aquatic ecology researcher, has written many studies about striped bass and habitat. His work is the basis for many state and federal projects and fisheries management regarding striped-bass rivers, reservoirs, and bays. He and his associates found that as a striped bass ages and grows, its optimal temperature range decreases and the optimal dissolved oxygen of the water it occupies increases.

While a researcher at the Oak Ridge National Laboratory, Coutant studied striped habitat selection in fresh and brackish water and wrote, “The Temperature-Oxygen Hypothesis: I believe that striped bass population sizes can be limited by summer restriction of suitable habitat for adults, which can be defined as having temperatures between about 64.4° and 77°F and dissolved oxygen concentrations above about 2 to 3 mg/liter” (Coutant 1985).

He found that deep areas in Chesapeake Bay hold fish, but as oxygen depletes in summer, sills of shallower, warmer water trap fish in suboptimal conditions. This causes stress. Coutant wrote the following about the California Delta and San Francisco Bay: “Because watershed and ocean temperature cycles are not necessarily synchronized, the degree of the thermal squeeze (that is, the size of the suitable habitat) likely would fluctuate from year to year” (Coutant 1985).

Atlantic striped bass will generally move northward to avoid heat and south to avoid cold. In fall, when the water temperature is lower than 48°F, it’s time to follow the bass south. Most stripers overwinter in freshwater estuaries, but some stay inshore in the middle of their range in the vicinity of the Carolinas and Virginia, not far from their spawning rivers.

In the northern end of their range in the rivers of the St. Lawrence River and Gulf of St. Lawrence, the winter water temperatures are just above freezing. There is much concern for winterkill, which can nearly devastate the population. Since it is well known that striped bass generally move northward during summer, it is best to know that the reason is mainly to follow their preferred forage rather than strictly due to temperature tolerance.

During the spring pre-spawn through spawning period, the adults’ habitat preferences are dictated by the temperature and water quality for successful spawning and success of their offspring. There is a detailed section in this book on spawning later.

Adult striped bass are motivated by hunger, environmental requirements, and the spawning instinct. These will determine where they are located throughout the year. In the middle of their distribution, adults generally return to their spawning rivers to spawn, then head north afterwards for the summer. In fall, many find refuge in local rivers that are not suitable for spawning, but the most successful older females generally migrate back to the vicinity of their intended spawning rivers. In fall and early winter, this is primarily in a southerly direction toward the Hudson, Delaware, and the rivers of the Chesapeake Bay and Albemarle Bay.

Scientists Bigelow and Schroeder in 1953 stated that some older fish, especially females, winter in salt water on the continental shelf off New Jersey, south to Cape Hatteras, North Carolina, and only come inland to attempt spawning. Proof of offshore wintering has been presented by trawler and tagging evidence. Two studies have shown that there is a higher incidence of oceanic residence in large striped bass (Secor and Picolli 2007).

They are rarely found more than five miles from shore, but commercial fisherman targeting other species occasionally run into them up to 15 miles offshore. These areas along the coast also hold bait species and can be slightly warmed by the Gulf Stream. At the extremes of northern and southern spawning, evidence shows striped bass do not migrate but spend their lives in or near their spawning river (southern: Dudley et al. 1977; northern: Magnin and Beaulieu 1967).

Adult bass residing south of the Carolinas and on the Pacific Coast tend to remain in the estuary or inshore. Along the mid-Atlantic coast, large adults, predominantly females, move farther distances, up to hundreds of miles, on their migrations (Merriman 1941; Clark 1968).






DIET AND FEEDING OF ADULT STRIPERS

For a forage species to be important to adult striped bass, it must be nutritious, available, and energy cost-efficient. It also must not exceed the maximum practical size or be a danger to ingest. Young bass typically eat more invertebrates, crustaceans, and bay anchovies. As they get bigger, they generally spend increasing time in salt water and depend more on larger, pelagic forage such as herrings and menhaden. The diet of adult striped bass changes with age and can vary by stock and their travels.

The range of prey size widens as the bass get larger with age. What stripers feed on varies with age, location, and time of year. Adult striped bass are piscivorous and consume members of all three groups of cold-blooded marine animals: fish, Mollusca, and Crustacea. Most of their diet is fish. Striped bass can ingest fish 60 percent of their own length, if necessary. Striped bass refrain from feeding during spawning (Seltzer et al. 1980). Scientific data and anecdotal accounts indicate that adult striped bass will feed within a water temperature range between 40°F and 79°F.


[image: chpt_fig_009.jpg]
In the middle 2000s, whales started visiting waters very close to shore in New York and New Jersey seeking menhaden. Whether it was the higher water temperature or the 2012 change in menhaden regulations, menhaden are here. PHOTO BY CHRIS PAPARO



Adult striped bass are reactive to the available food options and their relative attraction. When a specific preferred food item is abundant, striped bass tend to concentrate on the abundant resource and ignore other available food items (Smith and Wells 1977). Stripers sometimes prefer easy prey that are not as nutritious as harder-to-catch, more-satisfying prey. “Our results indicate that the abundance of forage fish rarely affects predator productivity” (Free et al. 2021).


[image: chpt_fig_010.jpg]
The exodus of peanut bunker from estuaries starting around September provides nutrition for the fall striper run. PHOTO BY MIKE LAPTEW



In areas of lower salinity and where gizzard shad inhabit, shad become more important than menhaden or herring. Bass can consume large nutritious forage only when it is available. When menhaden decline, bass appear to shift their diet to spot, croaker, summer flounder, and gizzard shad. The fall is the period when big bass consume the most food, their stomachs are the fullest, and bass growth is the greatest. This helps with their winter survival and reproductive health requirements. Let’s look at this geographically and seasonally from south to north for the diet of adult striped bass.

In the spring, river herring, blueback herring, and ale-wife are the first plentiful finned prey available to pre-spawn striped bass from the Chesapeake to the Hudson. This occurs because of the similar timing of their spawning runs to freshwater tributaries of striper spawning habitat. Next come the menhaden, or bunker, chronologically, seeking the warmth of the bays and estuaries in their need to spawn. Menhaden have been called the keystone species of the Atlantic and Gulf of Mexico since they provide nutrition to so many species of fish, birds, and mammals. They are high in omega-3 fatty acids. There are two commercial fisheries for them: the bait and reduction, or oil, fisheries.

When I started fishing the 1990s striped-bass recovery along New Jersey, we had few schools of adult menhaden. Since the Chesapeake Bay harvest cap in 2005, their numbers started to increase to the point that, in the 2010 to 2023 seasons, large schools stayed along the coast. Hurricane Sandy helped clean out some bays, so baitfish reproduce in better numbers, and juvenile menhaden have a healthier nursery.


[image: chpt_fig_011.jpg]
Menhaden are schooling filter feeders of plankton. They clean and clarify the water and provide protein for a wide spectrum of species. PHOTO BY CHRIS PAPARO



This return of bunker caused the big stripers that had been racing north to get to the abundant forage of New England water to stay happily along the Jersey coast, sometimes all summer. It also brought back several species of whales who feed on them. A whole whale-watching fleet emerged, which has added to the advocacy for the menhaden.


[image: chpt_fig_012.jpg]
The river herring spawning run provides some of first forage for pre-spawn stripers. The post-spawn herring drop back, and their offspring supplement the striper diet all summer long. PHOTO BY MIKE LAPTEW



Menhaden contribute around 60 percent of the annual diet of large striped bass. They become the most important forage for large stripers wherever and whenever they are present. After the menhaden spawn, they move out inshore and generally move northward, followed by large bass. When highly nutritious fish are not abundant in summer, large, deep-dwelling striped bass turn to other species to eat, like tautog, scup, and lobster.

In fall, the first readily available forage is the bay anchovy. This is the major forage for small bass, but large bass do join in the blitzing. It’s difficult to catch big bass while they’re feeding on bay anchovy because the greater number of lightning-fast schoolies usually find your fly first.

Starting around September, the juvenile menhaden, or peanut bunker, school-up and move southward along the coast. They are usually in the 3-to-4-inch range and are eaten by almost every inshore predator. Young of the year, which can be half that size, often stay in the estuaries and leave a month or so later when they are ready.

Many species are also known to travel distances to find food sources. A study by Christopher M. Free and Olaf Jensen (2021) described how certain birds nest near fixed food sources and have the flexibility to move, but we can surmise that striped-bass spawning rivers and nurseries are fixed in location, and when food like menhaden is severely reduced (literally) there, they may not have sufficient nutrition at critical times. The study did conclude that adverse water temperatures have a profound effect on the wellbeing and abundance of predator fish species.

Scientists and other interested parties have been debating the contribution of nutrition on disease in Chesapeake Bay striped bass. Mycobacteriosis (Myco) has been present in Chesapeake Bay striped bass since around 1984. First, the index ratio of menhaden to stripers in the Atlantic went down 20 percent per year between 1982 and 1998 (Uphoff, J. H., Jr. 2003). Researchers have seen length-to-age and weight-to-age decrease in the Bay. That makes sense since there aren’t enough food-source alternatives in the Bay to replace menhaden. At the same time, mycobacteriosis has also increased. So, is there a cause-and-effect relationship between malnutrition and Myco and, if so, which is the cause and which is the effect? Scientists doing the research are unsure.

Some say Myco makes bass thin, and others say otherwise healthy, undernourished bass are more susceptible to Myco. Another complication in rendering a simple explanation is the research showing that once striped bass join the coastal migration, the incidence of Myco appears to decline (Matsche et al. 2010). This study also discovered, during specimen collection, that malnourished stripers were more susceptible to catch on hook and line. Unfortunately, this makes it easier for anglers to catch and retain adult stripers in the Chesapeake Bay. This data might indicate that either there has been uncounted Myco-related mortality in the Bay, the symptoms improve in the ocean’s lower temperatures, or the Bay’s contribution to coastal stocks has been miscalculated.


Striped-bass Feeding Behavior

Like most fish, stripers will use their senses to locate forage. They detect sounds and vibrations at the surface and underwater in the water column or on the seabed. They can smell and taste the evidence of nearby food, such as the mucosa, blood, or excrement. They can see schools, individual prey, or lingering fish scales of the swallowed or wounded, slowly sinking like glitter.

Stripers like an easy meal. They may feed individually or in a gregarious school and coordinate balling maneuvers. They often feed on weaker individuals on the margins of spherically-shaped bait school on the sides, from beneath, or on individuals thrashing at the surface above the ball. Sometimes bass will embed in a school of bait and hold in place or travel with it during a seeming amnesty when all seem at peace. Then when the mood arises, the bass resumes the attack. If big bass are present, you sometimes see them in an open spot in the middle of a school by airplane or drone. “When feeding on schooling prey species, striped bass follow the school, periodically gorge themselves, and then drop down in the water column to digest their prey” (Setzler et al. 1980; Fay et al. 1983).


[image: chpt_fig_013.jpg]
Mike Sudal, award-winning artist and passionate angler, was at the striped-bass aquarium at Bass Pro Shops at feeding time. He sketched how they were feeding and how anglers could misunderstand this behavior. PHOTO BY MIKE SUDAL



Striped bass are powerful suction feeders. That’s why you often hear a pop when a striper eats at the surface. The striper’s mouth is sized to swallow its prey whole. Since adults primarily fish eat, they must engulf prey headfirst or else the fins and dorsal fins would become stuck in the bass’ throat and suffocate and starve it. That is also why soft-finned prey are preferred.


[image: chpt_fig_014.jpg]
This bunker school being harassed by bluefish shows how the baitfish react in unison as a defense. PHOTO BY CHRIS PAPARO



A 2017 analysis published in the Journal of Experimental Biology discovered that the mouth of a largemouth bass, which is very similar to that of a striped bass, is a four-bar linkage, with three degrees of movement. They found this by implanting metal beads in various reference locations in the jaw bones of the bass and x-rayed them during feeding. The powerful feeding behavior of these fish is exciting to watch, especially when you see one hit your fly.

Striped bass do not smack their prey with their tails with the intent to stun and then consume it. Scientists have found through extensive study that the thresher shark is the only fish that uses this as a feeding strategy. As you may be aware, they have adapted with a long, sharp tail for this purpose. Billfish, which are adapted with a raspy bill for this purpose, do use stunning with it as a major feeding strategy. Many people above water have seen the tail slap of a striped bass on the surface and assumed the act was intentional.

A striped bass drives prey to the surface at an upward angle and either grabs it or misses and turns immediately downward. Their tail rotates forcefully and often breaches the surface and slaps the water. The fish levels off and attempts to acquire another target, follows the school, and so on. This act may leave stunned prey in its wake. That bass or another may capitalize on the easy meal and suck it in.

Many people have witnessed, and underwater footage confirms, bass initially hitting or grabbing prey with their mouths and stunning and/or injuring prey only to successfully swallow them on subsequent attempts. Dave Anderson, Field Editor of The Fisherman magazine and striper specialist, said, “In my observation any attempts that stun prey are done with the head or back, and I honestly think this is more a result of competitive feeding behavior than it is an attempt to stun their prey.”

I have not seen anyone bring forth evidence of intentional tail slapping and swallowing from striped bass, including divers who have recorded the footage for analysis and the internationally revered marine biologists I have contacted on this matter. No one that I know has even reported tail-hooking stripers with surface lures armed with three treble hooks. Stripers do get head or body hooked sometimes when attacking head-on with a closed mouth.


Forage Defenses

The finned forage of adult striped bass has several defenses to prevent predation. Most fish segregate into schools, as described in the selfish herd theory mentioned earlier. They form schools of like-size members for individual protection and to seek food. Most schooling baitfish tighten their formation, and when chased to the surface in fear, members are sometimes left to flounder on the surface, unable to swim. If surrounded, they will form a ball and swim in circles, but often, a part of a big school accelerates and moves away from predators, distorting the shape but staying cohesive as the laggers catch up.

Fish coloration and marking has evolved to help individuals communicate, hide, or avoid others. Most fish are counter-shaded dark on top and light on bottom as a defense against detection. Metallic-colored scales are an effective open-water camouflage. They reflect surrounding colors. Some species have adapted with mottled patterns and colors on the sides of fish that match the bottom colors as camouflage.

The first reaction to danger for fish is to flee horizontally or vertically and bottom seek. Speed is often a deciding variable. In open water, there is usually no refuge, but in shallower water, there may be vegetation and rock in/under which to hide.

There are certain defensive behaviors and resulting vibrations that a school or individuals make when frightened that trigger big striped bass to hunt them down and eat them. The more handicapped the prey’s mobility, the easier it is for a bass to catch.




Triggers

It’s beneficial for a fly angler to have in mind the behavior of the forage to be imitated and how they act when frightened and fleeing for their lives. This is true whether it’s lobster, shrimp, crab, bunker, and so on. This will prepare you to use fly design or selection and presentation to your best advantage.

The sight and vibrations of fleeing prey are a strong call to a bass’s need to feed. When a baitfish is forced to break the surface, it indicates it is having difficulty swimming to flee. If an individual in a school stands out because it is different than the other members, it is more likely to be targeted. This is called the “oddity effect.” Fishermen sometimes select flies that do not “match the hatch,” just for this reason.






Forage of Adult Striped Bass


Fish


■ Herring Family (Clupeidae)

Some members of this family are anadromous, others live in the sea, and still others live in fresh water. These are the highest in nutritional content of the forage available to striped bass. All herring fins lack spines. They have no lateral line, and they have a deeply forked tail. Most are compressed fusiform in shape. Most important members: gizzard shad, threadfin shad, Atlantic menhaden, Atlantic herring, American shad, alewife, and blueback herring. All of these perform their spawning by broadcasting their eggs. Except for menhaden, Clupeidae eat zooplankton, which are tiny drifting animals. Adult menhaden eat phytoplankton, which includes algae and other living plant matter and detritus.




■ Atlantic Menhaden (Brevoortia tyrannus): Mossbunker, Bunker, Peanut Bunker, Pogy

Menhaden consume plankton, then pass this primary production to predators higher up the food chain by themselves being consumed. As a bonus, where they are present in enough numbers, they filter the water, clarifying it and preventing red tides and algal blooms. According to Menhaden Defenders, red tides and algal blooms are a cause of dead zones along the entire seaboard and in the Chesapeake Bay, in particular.

Menhaden are a major source of food for striped bass, bluefish, little tunny, flounder, and many more fish plus marine mammals and birds. This oily, soft-fleshed fish is rich in omega-3 fatty acids. They are harvested commercially by the billions to be rendered into oil and meal and as bait for lobster and recreational fisheries. This species was very important to the economics of the mid-Atlantic through New England states in the 1800s. A modernized version of the purse seine is said to have originated in 1826 in the Rhode Island menhaden fishery and accelerated the depletion of the resource (W. L. Scofield 1951).


[image: chpt_fig_015.jpg]
The adult menhaden is high in protein and is the favorite meal of big striped bass.



The menhaden-rendering industry was fragmented before and just after the Civil War. According to H. Bruce Franklin’s book The Most Important Fish in the Sea (2007), there were factories in New England, Long Island, and New Jersey. Many of these companies found the distance between the fishing grounds and their factories prohibitive and the northern fishing season too short. So Captain Elijah Reed, a big fleet owner, moved his operation in 1874 from Brooklin, Maine, to Cockrill’s Creek, a tributary of the Chesapeake Bay in Virginia, where he could exploit schools of millions of menhaden year-round. Others followed to the area, creating the town they named Reedville, after the successful captain.

Out of the 70 or so boats, only one company started in Reedville remains. According to Savingseafood.org, brothers Thomas and John Haynie began their menhaden business in Reedville in 1878. In the 1970s, the Haynie’s business was purchased by the Zapata Corporation. In the 1990s, it changed its name once more to Omega Protein and became a publicly listed company in 1998.

In 2018, Canadian company Cooke Inc. purchased Omega Protein for $500 million, and in 2020, Omega moved its corporate headquarters from Houston, Texas, to Reedville. About 90 percent of the menhaden harvested in the United States are rendered by the oil industry operated by Omega. The three byproducts of rendering are presscake, fish solubles, and oil. Besides omega-3 dietary supplements for humans, animal and fish food, margarine, and other commercial products are made from the byproducts. The remaining percentage of harvest is sold for recreational and lobster bait.

The two big New England reduction plants in the 1800s were in Gloucester, Massachusetts, and Portland, Maine. Dissatisfied by the return on investment and effort, by 1879, they harvested all the available menhaden and couldn’t fathom why there weren’t more. Those factories shuttered and rotted away. According to H. Bruce Franklin’s research, there weren’t any menhaden to be found north of Cape Cod between 1993 and 2005.






Range and Habitat

Atlantic menhaden is distributed in estuaries of all salinities and along the coast from Northern Florida to Nova Scotia.




Lifecycle

The major menhaden spawning areas are 20 to 30 miles offshore and are considered as one population. Their eggs are buoyant and hatch at sea, then ocean currents carry the hatched larvae inshore to estuarine nursery areas where they will spend most of their first year maturing. They are ready to spawn as early as one year old and as old as three.

They spawn from late spring until the coldest of winter. In spring, they start spawning in shallow water along the coast, moving northward, and they spawn progressively deeper. By late summer into fall, menhaden segregate by size, forming large schools along the coast, with larger menhaden found farther north. During fall and early winter, these menhaden schools migrate southward and east between New Jersey and South Carolina to spawn. The last maturing juveniles are the last to leave. In the middle of winter, they all make their southerly migrations to waters off the Carolinas.

Menhaden are filter feeders that swim with their mouths open to push water through specialized gill rakers with which they capture plankton and algae. Entire schools do this in unison.




Description

The adults are also referred to as mossbunker, or bunker, and the juveniles as peanut bunker. The adults have a compressed flat shape and a deeply forked tail. Their maximum size is approximately 15 inches in length. Sides are bright silver with a yellow cast, with one large black spot behind the gills and a pattern of smaller spots distributed laterally. Biologists speculate that this spot helps school members see each other in turbidity. The back is a dark brown-olive color, and the deeply-forked tail also has a yellow cast with a back edge. The belly is an off-white with a blush hue.


[image: chpt_fig_016.jpg]
Peanut bunker can be consumed by all sizes of matured bass and provide most of the diet of the species.



The color of a school from above is a dark brown, depending on the color of the water and depth of the school. When members of a school turn broadside in the light, their scales will reflect the light as silver in clear water or a golden yellow in stained water. A school of menhaden close to the surface in low wind flattens wind waves and appears as a darker, calmer area. In higher waves, one foot or greater, menhaden break between waves and throw water when swimming.

You can smell menhaden schools when bluefish feed on them because, unlike stripers who swallow them whole, bluefish chop them with their teeth as they eat. Many anglers describe the odor as between cucumber and watermelon. The pungent oil escapes and floats and causes an oil slick. Oil and water are immiscible liquids, those that don’t dissolve in each other. The thin oil slick on water reduces the transmission of waves across it and is less affected by wind because it is a slippery barrier reducing the drag of underlying water molecules. The oil and smell attract more underwater and flying predators and scavengers to the scene.

In the April 28, 1881, issue of Forest and Stream, in the “Sea and River” fishing column, correspondent Dr. G. W. Goode wrote about a bluefish blitz: “I noticed a particular fresh odor, something between the smell of cucumbers and watermelons.” Stripers are attracted to the scent of menhaden oil, and bait anglers who chum augment their slick with menhaden oil purchased in containers online and at tackle stores. I do not advocate chumming to attract stripers for fly fishing or dipping flies in fish oil to increase their attractiveness.




Behavior

From early spring through early winter, adult and juvenile menhaden form large, near-surface schools segregated by individual size. The shape of a menhaden school is amorphous and an indicator of subsurface threats. When a school is unmolested, the individuals at the surface flick their tails, making little splashes. When they feed, they move en masse with their mouths open to filter algae from the water.

There is no mistaking a school of bunker showering the surface as big stripers and other predators attack from below. The bunker leap out of the water in unison, throwing water upward and making a tearing sound. This reminds me of the sound of breaking glass.




Triggers

Whenever oil is released from the bodies of menhaden from predation, an oil slick can form on the water’s surface. There is also a heavy smell that I imagine fish can sense below the surface through taste.




Conservation

Abundance of menhaden is down 90 percent from historic levels, which has a damaging effect on the striped-bass stock. One of the biggest objectives of menhaden conservationists is to move menhaden stock management from single-species reference points for harvest to ecosystem-based management. This will consider natural predation and the interdependence of menhaden and a list of important species.


■ Atlantic Herring (Clupea harengus)

Atlantic herring are one of the most important forage species for wildlife and heavily exploited commercial species. They are commercially trawled as lobster bait. Herring is essential for the diet of striped bass, bluefin tuna, cod, haddock, pollock, and certain species of whales. In 2019, 24.7 million pounds of Atlantic herring were harvested, according to the NOAA Landings Database. Catch reductions are currently in place due to the overfishing that caused the all-time low abundance around 1982. National Marine Fisheries Service (NMFS) approved Amendment 8 to the New England Fishery Management Council’s herring plan in September 2018. It increased an inshore midwater trawl-restricted area extending 12 miles offshore and out to 20 miles off Cape Cod.






Range and Habitat

The adults are also known as sea herring, and the juveniles are known in the Western Atlantic as sardines, not to be confused with 20 other species allowed to be sold as “sardines” by the World Health Organization (WHO). They are pelagic and inhabit coastal and continental shelf waters from Labrador in Canada to Virginia in the United States. Juveniles undergo seasonal inshore–offshore migrations. Juveniles are abundant in shallow, inshore waters during the warmer months of the year.




Reproduction

According to the Atlantic States Marine Fisheries Commission (ASMFC), adults (ages three and older) migrate south from summer/fall spawning grounds in the Gulf of Maine and Georges Bank to spend the winter in Southern New England and the mid-Atlantic. Atlantic herring spawn in Nova Scotia and Northern Maine waters as early as August and in October and November in the southern Gulf of Maine, Georges Bank, and Nantucket Shoals. According to the New England Fishery Management Council, “most spawning activity takes place in two locations along the northern edge of Georges Bank—one in the west (Nantucket Shoals/Great South Channel) and one in the east (Northern Flank). Spawning occurred primarily in the months of September and October.” Adults spawn in depths from 50 to 150 feet.




Nutrition

Atlantic herring are also filter feeders but feed exclusively on a plankton diet. They usually feed at night following the massive vertical migrations of zooplankton that inhabit deep waters by day and surface waters by night. They inhabit waters less than 660 feet in depth. They form tight schools that can consist of a million or more fish.




Description

They have a silvery appearance with a blueish-to-blueish-green back with a silvery lower half. There are no markings. They have moderate-sized scales, which are easily lost. Their shape is compressed and elongated but with a rounded belly. A herring is less stout with a smaller head and “shoulders” than a menhaden. The tail is forked. Their maximum length is about 15 inches, and they can live for 12 years. Schooling is their main defense.


[image: chpt_fig_017.jpg]
The Atlantic herring is second in protein to the menhaden and a beauty to behold. They are more streamlined than the river herring and lack the dark dot on the shoulder. COURTESY OF DAWN WITHERINGTON






[image: chpt_fig_018.jpg]
Blueback herring and the alewife are almost identical in appearance and are both considered river herring. They often overlap in spawning habitat but vary slightly in run timing. PHOTO BY U.S. FISH AND WILDLIFE SERVICE




■ River Herring alewife (Alosa pseudoharengus) and blueback herring (Alosa aestivalis)

Although not as oily and preferred to a lesser degree by striped bass than menhaden, river herring is a significant food for them. This is especially the case in many estuaries and coastal rivers in spring if menhaden are not available. River herring are prey for tuna, cod, haddock, striped bass, marine birds, marine mammals, and others. River herring are commercially harvested for lobster bait and netted or snagged for personal use by bait fishermen.






Range and Habitat

Since the alewife is hard to distinguish from its cousin the blueback herring and often inhabits the same waters, many of them rivers, they are both commonly called river herring. Alewife and blueback herring often school together. These anadromous species inhabit riverine, estuarine, and coastal Atlantic waters. The alewife range is from South Carolina to Newfoundland, and the blueback range is from Florida to Newfoundland. In some instances, they are landlocked.




Life Cycle

They consume plankton when young, and as they grow, they switch to small fish, squid, shrimp and smaller diatoms, cope-pods, ostracods, amphipods, and insects. River herring spend most of their lives at sea and return to their natal river to spawn when males mature at age three to four and females mature at age four to five.

They may spawn annually several times and live to the age of eight. They spawn in March and April, in the middle of their range, with the alewife starting first. The alewife spawns at a water temperature around 51°F, and the blue-back prefers to spawn later when the water temperature is around 57°F. Alewives prefer to lay their eggs at night in slow-moving water.

Blueback herring prefer spawning over rocks in fast-moving water during daylight. Bluebacks spawn in slow water, usually less than 3 feet deep, unlike alewives that also ascend into ponds to spawn. Juveniles move into brackish estuaries in fall and migrate to the ocean at six to nine months of age. Sub-adults and adults overwinter offshore.

The numbers of both species are down compared to preindustrial times because of dams, but there is ongoing progress to remove these dams to benefit a variety of anadromous species, like sea-run brook trout. Net boats targeting Atlantic herring and mackerel kill river herring as unintended bycatch and have heavily depleted them. There is a prohibition of fishing for them commercially for sale. This family of fish may soon be listed under the Endangered Species Act. Their populations crashed in the late 1970s. Fish ladders have helped increase low river-herring numbers.




Description

Both male and female adults average 6 to 10 inches in length with a maximum adult length of 15 inches. Both are thin and deep when viewed from the front, but the blueback has a higher profile than an alewife. They both have a protruding lower jaw and a forked tail, but the alewife has larger eyes. Alewives get their nickname “sawbelly” because they have sharply angled bony scutes on their bellies that feel like a saw blade. Their ventral (lower) sides are silvery with a darker back. The blueback has a blue-green upper back, and the alewife is more of a grey-green color. They exhibit a dusky spot behind the eye in fish greater than about 4 inches. Like those in their family, they don’t have a lateral line.




Migrations

Schools of adults make a northern summer migration all the way to the Canadian Maritimes, then back south to their natal streams in spring.




Triggers

The flash of the metallic scales along the sides and belly of river herring signals their presence. The sound of herring splashing in shallow water when impeded in a spawning stream broadcasts their location to stripers waiting in deeper pools or river mouth, ready to feed. They also often swim on the surface, creating a v-wake disturbance.


■ American Shad (Alosa sapidissima)

In the 1800s, they were the most important commercial fish species, with landings of 20 million fish. They were fished for their eggs and their flesh. Anglers underestimate the importance of this big-bass forage species. Studies that cover the biggest females show them present in stomach contents sampling. In the ocean, they are consumed by sharks, tunas, blue-fish, striped bass, and other predators.
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Atlantic shad are underestimated as a forage of the biggest stripers. Striper will follow their spring spawning runs. PHOTO BY U.S. FISH AND WILDLIFE SERVICE



After a resurgence in the late 1980s, they have been on a steady decline in numbers. All commercial fishing has been banned since 2005.Although the cause has not been confirmed, overfishing and mortality as bycatch are suspected. According the ASMFC, 40 percent of shad historic spawning rivers are blocked by dams.






Range and Habitat

The range of the American shad is from the Bay of Fundy in Canada south into Florida. They also inhabit the Gulf of St. Lawrence and spawn in the St. Lawrence River and Miramichi River. American shad has also been introduced into the Pacific along the West Coast and can be found from California to Alaska.




Lifecycle

This shad is another anadromous pelagic subspecies. Their optimum spawning water temperature is 57°F to 68°F. This occurs in May or June in New England. They spawn at night in rivers approximately 6 feet deep, broadcasting their eggs into the water column. Over half of the adults die after spawning. Juveniles stay in estuaries for up to a year. High flows help drive them seaward in fall. They feed on small fish or fish eggs. These shad return to spawn in two to five years with a lifespan of six to 10 years. Shad eat zooplankton, crustaceans, and fish.




Description

They are the largest of the Clupeid family, with adults measuring 20 to 24 inches and averaging 5 pounds. They are silver-sided with a greenish-blue back and ventrally white in color. One large and four smaller dusky dots start behind the eye and trail behind. The upper and lower jaws are equal length when the mouth is closed.




Migrations

Adults school and follow an annual coast migration north and south with the seasons, as do other shad and river herring. After spawning in early summer, they can travel as far north as the Gulf of Maine and the Bay of Fundy (Bigelow and Schroeder 1953).




Sand Eels

Sand eels are very important to striped bass and a wide range of fish, sea mammal, and bird species. In the Northwest Atlantic, sand eels are present from Cape Hatteras to Labrador. Samples taken up and down the coast indicate that sand eels have more longevity in northern latitudes and attain a larger size (Nelson and Ross 1991). They normally have a lifespan of about 10 years. There is currently no large-scale commercial fishery directly
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■ American Sand Lance (Ammodytes americanus)






■ Northern Sand Lance (Ammodytes dubius): Sea sand eel
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■ Atlantic Silverside (Menidia menidia)
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■ Juvenile Bluefish (Pomatomus saltatrix)
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■ American Butterfish (Peprilus triacanthus)
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■ Atlantic Mackerel (Scomber scombrus)
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Mullet (also called finger mullet, corn cobs, and so on)
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■ White Mullet (Mugil curema)
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■ Striped Mullet (Mugil cephalus), also known as jumping mullet
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■ Rainbow Smelt (Osmerus mordax)
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Mollusca


■ Longfin Squid (Loligo pealeii)
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■ Common Clam Worm (Alitta succinea, previously Nereis limbate), also known as cinder worm
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Crustacea


■ American Lobster (Homarus americanus)
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Crabs (Decapods “ten-footed”)


■ European Green Crab (Carcinus maenas)
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■ Lady Crab (Ovalipes ocellatus)
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■ Sand Shrimp (Crangon septemspinosa) Seven-spined Bay Shrimp
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GROWTH AND REPRODUCTION


Growth
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Maturity, Fecundity, and Longevity






Spawning Habitat Requirements
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COASTAL MIGRATIONS


The Seasons
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FOUR MAJOR ATLANTIC STOCKS




Albemarle Sound and Roanoke River
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Chesapeake Bay (including seven sub-stocks)
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Delaware River
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Hudson River
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Canadian Stripers


Bay of Fundy
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Southern Gulf of St. Lawrence
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St. Lawrence River









PACIFIC–CALIFORNIA DELTA MIGRATIONS
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STRIPED-BASS MOVEMENTS




Seasonal Movements
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Conditions


Currents








Tides
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Wind







Light and Visibility







Weather Systems
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