Unsolved Problems in Biology

When biologists get together to discuss the nagging mysteries in their diverse field, there's always that elephant in the room: How did life spring up from non-life? But, according to highly regarded cancer researcher Robert Weinberg, it's an elephant that most biologists ignore, or at least discreetly avoid. "Origin of life is not something people work on that much because it's so far away from resolution."
Instead, biologists turn their attention to other problems, fruits that hang a bit lower on the tree. Though these queries may not be of existential interest, they're no less fascinating.
The Plankton Paradox
It is a beautiful irony that the smallest of creatures is at the center of one of the largest mysteries in biology. Plankton, microscopic marine organisms, are wide-ranging and diverse. Strangely, as many as a dozen species can co-exist in relatively small, homogenous habitats, like lakes. This flouts the hugely successful competitive exclusion principle, which states that when multiple species vie for the same resources, one will eventually drive the others to extinction.
Biologist G.E. Hutchinson originally noticed the paradox over fifty years ago. Today, one of the best explanations for its persistence is that plankton's habitats are in a constant state of flux. When conditions change frequently, it's difficult for species to adapt and outcompete the others. One month a certain species might be favored, but the next month another might be. As a result, species populations roughly equal out.
Why Does Titanium Boost Plant Growth?
Botanists noticed it as far back as the 1930s: in low doses, titanium beneficially affects plant metabolism, stimulating "chlorophyll content, enzyme activities and uptake of major and minor nutrients." Why the strong, lustrous transition metal commonly used in industry and aerospace would aid plants is difficult to fathom. One group of scientists attributes the boost to the hormesis effect, in which low doses of an otherwise toxic substance induce favorable biological responses in an organism. How hormesis arises is still up for debate, but it is conjectured that low doses of toxins might activate the body's repair mechanisms. The repair process fixes not only the damage caused by the toxin, but also any minor damage that was already present.
Why Does the Hammerhead Shark Have a Hammer Head?
The hammerhead shark is one of the most recognizable and charismatic animals in the ocean, but scientists still aren't 100% sure why it has such a weird head.
One hypothesis suggests that the flat, wide head allows more space for electrosensory pores. These pores pick up electromagnetic radiation in the water, which often emanates from prey animals like stingrays. More pores would likely boost the shark's sensory capabilities. A second conjecture is that that shape of the head allows for more efficient swimming and is better suited for maneuvering after benthic (seafloor) prey. Finally, the wider head seems to grant the shark improved vision. Research suggests that the animals have 360-degree vision in the vertical plane, as well as tremendous depth perception.
The answer to the mystery is probably a combination of every idea.
The Arthropod Head Problem
Featuring antennae, mandibles, compound eyes, and maxillae, the arthropod head is unquestionably cooler than a human head. Its complexity and composition has sparked numerous contentious debates over the years, collectively called the "Arthropod Head Problem." Biologists argue over the number of segments, similarities between different species, whether or not certain head parts are actually appendages, genetics, and a hodgepodge of other esoteric issues. The collective debate has been called the "endless dispute," and influential entomologist R.E. Snodgrass once remarked, "It would be too bad if the question of head segmentation ever should be finally settled; it has been for so long such fertile ground for theorizing that arthropodists would miss it as a field for mental exercise."
What the Heck Are Placozoans?
The simplest of all known non-parasitic multicellular animals, Placozoans are small, flat, three-layered organisms roughly one millimeter in diameter. They contain just four types of cells as well as the smallest amount of DNA of any animal. First discovered back in the 1880s living on the glass wall of an aquarium in a European observatory, for a century, they were exclusively studied by scientists keeping cultures in various laboratories around the world. It was only near the end of the 20th century that scientists started finding them in the wild. Just one species, Trichoplax adhaerens, is conclusively known to exist.
Phylum Placozoa has been referred to as the taxonomic tabula rasa, a "blank slate," because so little is known. What do they eat? How many species are there? What is their ecological importance? Where exactly do they fit in on the hierarchy of life?
There Is More Diversity Near the Equator. Why?
Biologists have long noted that life's majesty grows grander and grander the closer you are to the equator. "Nearly all groups of organisms, from foraminifera to frogs, are most diverse in the tropics. And that gradient has great implications," Robb Dunn wrote in Seed Magazine."There are not only more species in the tropics, but there are also more potential medicines (and conversely, more diseases), fruits, cultures, and languages. The gradient in diversity that Humboldt detected shapes human life, from our economies to our well-being."
There are a variety of competing hypotheses to explain the pattern. One in essence attributes it to random chance. Another argues that more solar energy is received around the equator, allowing for greater species richness. A third points out that equatorial tropics are the largest biome, so it makes sense that there would be more species. A fourth contends that competition, predation, mutualism, and parasitism are more prevalent in the tropics, and these interactions lead to greater speciation. Basically, when species mingle, they try to set themselves apart from the crowd.

